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This extended handout was developed for the Superintendents Visioning Institute in 
Austin, Texas, in June 2007. It is a progression on the book, Windows on the Future, by 
Ian Jukes and Ted McCain, which was published by Corwin Press 
(http://www.corwinpress.com).  
 
Portions of this handout are from the book and are used with permission from Corwin 
Press. Please note, this is NOT an academic document and not all references are cited 
although citations can be provided upon request. Rather, this is an evolving document, that 
we try to update on a regular basis. Given our frenetic schedules, we do occasionally miss a 
typo or we spell something wrong. Please try to be understanding.  
 
Synopsis 
Today, in a world where change is the constant, you can’t believe your eyes. As a result, 
the implications of global trends can only be understood as part of the continuum from 
where they have come from to where they are heading. By carefully explaining the 
significance of several exponential trends (including Moore's Law, Photonics, the Internet, 
InfoWhelm, Biotechnology, Nanotechnology, and Neuroinformatics) this paper is intended 
to profoundly challenge your fundamental assumptions about the world we live and the 
future that awaits us. It then explores the impact these trends will have on our lives 
personally and professionally - asking you to stand back from the trends and consider how 
they will affect our children, learning institutions, the classroom, the curriculum, the 
nature of learning, the nature of instruction, assumptions about assessment, and even our 
fundamental definitions of intelligence. 
 
The paper then considers how these changes will affect the classroom, the curriculum, 
learning, instruction and the measurement of achievement. It identifies the shift in 
curriculum and thinking that will be necessary to equip students for success in the brave new 
world of the 21st century, and discusses what this signifies for education, specifically in 
terms of our staff development models. How can schools prepare students for this world? 
How do we effectively engage learners so that they can not only perform exceptionally well 
on state exams, but also simultaneously learn the critical twenty-first century literacies 
needed to excel in both school and life? 
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It then takes a pragmatic look at current teacher practices and why they are becoming 
increasingly out of synch with our rapidly changing world; and identifies several principles 
and processes that transcend the new technologies. Participants will come away with a clear 
understanding of how to meet both their curricular goals, as well as prepare students to 
meet the new realities of the 21st Century. Included is an overview of the 7-layered 
curriculum model (content, process, tools, school to career, school to community, school to 
home, and contiguous assessment) as well as a variety of resources to support the transition 
to this new model. Participants should come prepared to have many of their present 
assumptions about education challenged. Counseling will be provided. This handout was last 
updated in June 2006. The handout is broken into six basic parts: 
 
 
WINDOW I: LIVING ON THE FUTURE EDGE page 3 
 
WINDOW II: UNDERSTANDING DIGITAL KIDS page 66 
 
WINDOW III: NEW SCHOOLS FOR THE NEW MILLENNIUM page 138 
 
WINDOW IV: REDEFINING LEARNING page 153 
 
WINDOW V: NEW VISIONS FOR TEACHING AND LEARNING page 168 
 
WINDOW VI: SOME BOOKS YOU SHOULD READ page 196   
 
CONTACTING US page 219 
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WINDOW I: LIVING ON THE FUTURE EDGE 
 

Windows on the Future 
Thinking About Tomorrow Today 

By Ian Jukes and Ted McCain 
© The InfoSavvy Group, July 2007 

   
 

This handout is an extension of the book, Windows on the Future, by Ian Jukes and Ted 
McCain, which was published by Corwin Press (http://www.corwinpress.com). Portions of 
this handout are from the book and used with permission from Corwin Press. Please note, 
this is NOT an academic document and not all references are cited although citations can 
be provided upon request. Rather, this is an evolving document. We try to update on a 
regular basis. Given our frenetic schedules, we do occasionally miss a typo or we spell 
something wrong. Please try to be understanding.  
 
Synopsis 
Today, in a world where change is the constant, you can’t believe your eyes. As a result, 
the implications of global trends can only be understood as part of the continuum from 
where they have come from to where they are heading. By carefully explaining the 
significance of seven exponential trends (Moore's Law, Photonics, the Internet, 
InfoWhelm, Biotechnology, Nanotechnology, and Neuroinformatics) this paper profoundly 
challenges your fundamental assumptions about the world we live and the future that 
awaits us. It then explores the impact these trends will have on our lives personally and 
professionally asking you to stand back from the trends and consider how they will affect 
our children, learning institutions, the classroom, the curriculum, the nature of learning, 
the nature of instruction and even our fundamental definitions of intelligence. 
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LIVING ON THE FUTURE EDGE 
 
The context for this presentation 
I don’t know if you’ve noticed, but there are some pretty dramatic things happening 
in our world right now. Dramatic things like war, natural disasters, the economy, 
politics, and religious upheaval. It would be easy to conclude from this that the 
world was a bit crazy and that the issues of change were pretty much dramatic and 
in your face . 
 
At first glance it would seem that our world is moving from stability as the norm to 
change as the constant. While I agree that there are some pretty remarkable 
things happening out there right now, what I’m going to suggest is that the major 
issues we have to deal with both personally and professionally, are not the 
dramatic, in-your-face issues of change. 
 
You see, the real issues of we have to deal with are subtle ones. That’s because 
many of the issues related to change are subtle – they’re sneaky. I mean, we all 
know that something significant is happening out there, but it’s really hard to put 
our fingers on exactly how things are changing.  
 
And I think what puts change into perspective for me more than just about 
anything else is my son Kyler. This is a picture taken of Kyler when he was two 
weeks old and weighed 8 pounds. And by the way, I’m told that that this wasn’t a 
smile, it was gas. 
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This is a picture of Kyler taken when he was six months old and weighed 21 pounds. 
 
 
 
 
 
 
 
 
 
And this is a picture of Kyler at 6’5” and more than 300 pounds. And by the way, I 
can assure you that smile isn’t gas. 
 
 
 
 
 
 
 
 
 
 
 
 
How many of you have children of your own? (Don’t be ashamed, put your hand up) 
How many of you have teenage kids of your own (I want you to know you have my 
deepest sympathy – I had a sign over Kyler’s door that said “hire a teenager while 
he still knows everything”  
 
Now the question I have to ask is – when did this happen? And why didn’t I see this 
coming 
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It’s hard for me to believe that just a few short years ago this was the same little 
guy who used to fall asleep on my chest. If he did that now for very long, he’d 
crush me! 
 
 
 
 
 
 
 
 
 
 
 
 
 
What’s the point? 
Well whether we’re talking about change in our children, change in our lives, change 
in our businesses, change in our institutions or change in our world, because change 
is so subtle, because it’s so sneaky, because we always seem to be in reactive mode, 
it’s often difficult to detach ourselves from the here and now and step back so 
that we can try to understand what’s going on.  
 
In fact, it’s not just that it’s hard to appreciate what’s going on. Rather, it’s about 
trying to comprehend the scale and the scope of the changes we are experiencing.  
 
That’s because, in the world of today, it’s not just about changing today and then 
going back to normal tomorrow. In reality, it’s about change today and then more 
change tomorrow. It’s about change forever. It’s about constant and never-ending 
change. It’s about exponential change. 
 
What’s this got to do with schools? 
The problem is that while our world outside changes, our schools are finding it 
increasingly difficult to recognize and respond to these changes. Interestingly 
enough, despite all the rhetoric about how schools are failing, many of the 
traditional tools we have always used to measure the success of schools – test 
scores, higher standards, graduation rates at high school and college, SAT scores, 
participation in AP and IB courses tell us that schools today are doing many things 
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better than ever despite the enormous expectations and demands placed upon us 
and the criticisms sent our way?  
 
Despite our doubts about the next generation (and as an aside, each generation 
from the time of Socrates - including our parents - has looked at the next 
generation and wondered “what’s wrong with those kids?”) – our traditional tools 
tell us that this group of children is probably the best-educated generation of 
children in history.  
 
So what’s the problem? 
At the same time that they are the best-educated generation, they are also the 
least prepared for what’s about to happen. And this is hard for many of us in 
education to understand, because most educators have spent their entire lives 
since the age of six years old (first as students, then student teachers, and 
teachers) in school.  
 
We come from what Bill Spady (Paradigm Lost, 1997) - describes as the 
“educentric” point of view. We’ve had very little need (or opportunity) to step back 
from education and start to understand what’s happening outside of education. 
From our travels, it’s our observation that despite ongoing reform, education is 
largely disconnected from the rest of the world - a world that has radically and 
fundamentally changed during the last 15 years. This is a dramatically different 
world than that of our experiences growing up. 
 
How much has it changed? 
Let’s consider for a moment a person who retired from a company 15 years ago. 
Let’s take them back to the office they worked in then. Remember the speed 
innovation of the 80’s – the overnight letter. Now we only use the overnight letter 
when we’re really not in a hurry.  
 
What’s changed? In a word, everything! That retired individual would have been 
gone before the times where fax machines, email, the WWW, cell phones, pagers, 
wireless networks and vast array of other digital wonders even existed. Then take 
that person back to the office they retired from 15 years ago and they would likely 
find that to be a highly overwhelming and disorienting experience.  
 
Now let’s take that same person back to the high school they graduated from 40 or 
50 years ago. What’s really changed? (Not culturally or socially but structurally) 
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The answer is very little. Student still attend schools approximately 180 days a 
year, 5 ½ hours a day – about the same length of time that American kids did back 
in the 1930’s, when American schools had the longest school day and the longest 
school year in the entire industrialized world. (Today American schools have the 
shortest.) 
 
And we still release those kids for 3 months in the summer so they can go harvest 
the crops based on the European agricultural cycles from the 1800’s.This begs a 
question. How can it be that our businesses have changed (or had to change) again 
and again over the course of just the past few years - while for many educational 
institutions, structurally, it’s pretty much same old, same old?  
 
Outside education 
Outside of education, it’s a completely different world. Powerful global trends and 
new technologies have fundamentally and irrevocably changed our lives. And it’s not 
just about them changing once and being able to go back to normal tomorrow.  
 
The impact of these dramatic changes has embedded every aspect of our lives. The 
only time you really understand how dramatically our world has changed is when the 
power goes out or the batteries die. You can’t even cook a meal! At the same time, 
new technologies have compressed time and distance to the point where time and 
distance have never meant less than they do today. We see the effects of a 
tsunami, planes crashing into the World Trade Center, volcanoes erupting in 
Indonesia and hurricanes hitting the US in real time. We see history as it happens. 
We see world events as mini-series.  
 
Today, we live in a smart embedded environment that allows us to have capabilities, 
to do things that even a few short years ago would have been absolutely 
unimaginable.  
 
So we ask again, has the world changed and if so, how has it changed? (This is 
obviously a rhetorical question – you’re expected to respond with a resounding 
“YES”.) 
 
What has been education’s response to these changes?  
School has become a train. It’s a train that has been expected to go faster and 
faster, and do more and more, with less and less. We’ve continued to try and 
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improve education incrementally by adding a bunch of new engines and cars 
(standards, high stakes tests, accountability, technology…)  
 
The problem is that many of the things that have been added are just seen as add-
ons – they’ve not been perceived as being core and essential. Or they’re viewed as 
temporary fads that will in due course disappear if we just hunker down for long 
enough. 
 
Why are these changes viewed in this manner? It’s because education has 
historically had an amazing stability and incredible resistance to change. And in 
continuing to add cars, to this speeding train, we fail to recognize that schools are 
becoming increasingly irrelevant to the children they are they are intended to 
serve.  
 
The smoking gun 
The smoking gun is data gathered by the American Center for Education Statistics 
and reported in The Condition of Education, 2004. It shows the seriousness of the 
disconnect between the real world of the high-school student and the real world of 
schools. Children’s view of the relevancy of their school experience to their future 
lives has declined steadily since the late 1980s. Today, only 28% of 12th-grade 
high school students believe that school work is meaningful; 21% believe that their 
courses are interesting; and a mere 39% believe that school work will have any 
bearing on their success in later life.  
 
These statistics are even more shocking when one realizes that these are the 
opinions of those students who have remained in high school for four years. 
Students who find the high school experience the least relevant have already 
exited the system in huge numbers. The Carnegie Institute reports that in the 
largest 32 urban districts in our country, only 50% of students who enroll actually 
graduate. Each day, more than 2000 U.S. high school students drop out. If their 
voices were heard in the above poll, the profile would be far worse. 
 
Thus, in continuing to take a PhD approach (piling things on higher and deeper) 
we’ve absolutely missed the point. In education, it’s not about efficiency – the issue 
is relevance. 
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Irrelevancy as an issue 
Why is irrelevance an issue? The reason is because, in the ‘70s, as electronics 
exploded into our lives, much of the rest of the world outside of education 
switched to different track. It was a track that started to diverge from the one 
that education was on. And that was only part of the story – outside of education; 
they also switched to new vehicles.  
 
In the ‘80s, with continued increase in technological power and the global trends 
these technologies unleashed, much of the rest of the world outside of education 
got into a plane. We in education missed that one too. Instead, we continued down 
the same old track. And now, here we are in the early part of the new millennium – 
today, much of the rest of the world is in a rocket and we still haven’t grasped the 
significance of this. 

 
So what’s fueling the rocket? 
It’s the microchip. It has become an integral and ubiquitous part of everyday life – 
microchip. They are embedded into everything. The only time you ever realize how 
dependent we are on microchips is when the power goes out or the batteries fail – 
you can’t even cook a meal.  
 
Think about it in these terms. If all the computers in 1960 stopped functioning, 
few people would have noticed. A few scientists would have seen a delay in getting 
printouts from their last submission of data on punch cards. Some business reports 
would have been held up. There was really not much to worry about.  
 
Today is another matter. If all computers stopped functioning, society would grind 
to a halt. First of all, electric power distribution would fail. Even if electric power 
continued, virtually everything would still break down.  
 
Most motorized vehicles have embedded microprocessors, so the only cars that 
would run would be quite old. There would be almost no functioning trucks, buses, 
railroads, subways, or airplanes. There would be no electronic communications: 
telephone, radio, TV, fax machines, pagers, email and the Web would all cease 
functioning. You wouldn’t be able to get your money out of your bank. Business and 
government would operate only at the most primitive level. The microchip has and is 
fueling an Exponential Revolution. 
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What is the Exponential Revolution? 
To understand the Exponential Revolution, you must first understand the power of 
doubling. To illustrate what doubling technological power looks like, let’s use an 
analogy.  
 
Imagine for a moment that you worked in a school that was overcrowded. (Yes, I 
know this is may be hard for some of you to imagine in these days of budgetary 
crises and taxpayer fatigue)  
 
Finally the overcrowding became so severe that you just had to build a new addition 
onto a school. You have responsibility for the project, and have just received the 
bids for the work to be done. Strangely, all the bids come back close to the same - 
the projected cost is $3 million.  
 
Now these are tough times for education, and we just don’t have that kind of loose 
change. But the school is severely overcrowded and we need that addition. So what 
are we going to do? 
 
However, at the last minute, a new contractor in town submits another bid. It’s a 
remarkable proposal that goes like this: the contractor will only charge one cent 
for the first day of work including all materials, equipment, and labor. The only 
thing he asks is that you double the amount he is paid each day for a month - let’s 
say August. Hell get paid one cent the first day, two cents the second, four cents 
the third, and so on. That’s it. After a month, he won’t charge you another penny, 
no matter how long it takes to complete the work. Right off the top, this sounds 
like a great deal, right? Since this proposal comes from a good contractor, you 
decide to take him up on it. Now let’s take a close look at how this works out.  
 
Day 1 $.01 
Day 2 $.02 
Day 3 $.04 
Day 4 $.08 
Day 5 $.16 
Day 6 $.32 
Day 7 $.64 
Day 8 $1.28 
Day 9 $2.56 
Day 10  $5.12 
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After 10 days your total output has been $10.23. No problem. In fact, this is 
better than our wildest money saving dreams! Let’s continue... 
 
Day 11 $10.24. 
Day 12 $20.48 
Day 13 $40.96 
Day 14 $81.92 
Day 15 $163.84 
 
Half the month is over and you are laughing all the way to the bank. Your total 
expenditure is now just $327.67. So let’s proceed: 
 
Day 16 $327.68 
Day 17 $655.36 
Day 18 $1,310.72 
Day 19 $2,621.44 
Day 20 $5,242.88 
Day 21 $10,485.76 
Day 22 $20,971.52 
 
Day 22 is an important one to ponder. You can see that the contractor is now 
starting to get a reasonable amount of money for each day, but you have still only 
paid out a total of $41,943.03. This is still far below the other bids of $3 million 
and there’s just over a week remaining. This seems too good to be true – and it is. 
Watch what happens as the doubling effect really begins to kick in. 
 
 
 
Day 23 $41,943.04 
Day 24 $83,886.08 
Day 25 $167,772.16 
Day 26 $335,544.32 
Day 27 $671,088.64 
Day 28 $1,342,177.28 
Day 29 $2,684,354.56 
Day 30 $5,368,709.12 
Day 31 $10,737,418.24 
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It’s time to call 9-1-1 
The total you would end up paying is more than $21 million! Wow! And interestingly 
it’s important to note that the doubling has the greatest impact in the last few 
days (WHY didn’t we build it in February?). In the beginning, did you really have 
any idea that starting at one cent would lead to such an astonishing amount? The 
answer for most of us would certainly be no.  
 
 
 
 
 
 
 
 
 
This is what Malcolm Gladwell in his book of the same name calls “the exponential 
tipping point”, where change goes from relatively being linear and relatively 
predictable to being massive, sudden and overwhelming, exploding into our lives.  
 
In most field of human endeavor, you hope for gradual improvement. You want an 
engine that’s somewhat more efficient, or a medicine that improves life expectancy 
slightly. But exponential trends progress exponentially – warping social life, 
intellectual horizons, social tradition, and the business playing field. This is the 
power of exponential growth. The reason why this is so significant because most of 
our predictions and assumptions about the future are based on very linear thinking, 
but most things don’t unfold in a linear way. That’s why most of our predictions and 
assumptions will most likely be wrong and the future will absolutely jump up in front 
of us. 
 
Six Exponential Trends 
With this in mind, if you understand the power of exponentialism – 1-2-4-8-16-32-
64-128-256… or 1-3-9-27-81-243-729…it doesn’t really matter where you are in 
your career - whether you’re just starting out, whether you’ve put in 25 years, or 
whether you’ve just done one year 25 times again and again and again or whether 
you’re only two years, five months, six days and three hours from retirement – in 
fact, it doesn’t matter whether you’re inside education or outside education - there 
are six exponential trends, six exponential change forces, which no one in can 
ignore.  

The Exponential Tipping Point
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EXPONENTIAL TREND #1: MOORE’S LAW 
Gordon Moore, one of the inventors of the integrated circuit, was the co-founder, 
chief research scientist and then Chairman of Intel Corporation, the leading 
manufacturer of microchips for computers in the world today. In 1963, four years 
before he co-founded Intel, he wrote an article in Electronics magazine, in which 
he proposed Moore’s Law. In that article he wrote that he believed we could 
squeeze twice as many transistors on an integrated circuit every 24 months.  
 
Given that the electrons had less distance to travel, he believed the circuits would 
also run twice as fast. This meant that the processing power and speed of any 
electronic calculating device would double every 24 months, while at the same time 
that the price for that technology declined by about 50% a year relative to the 
power. In other words, every 24 months we had technology that was twice as 
powerful at half the price, providing an overall quadrupling of computational power 
ever 24 months  
 
This is exponential (as opposed to linear) growth. Let’s consider how this has played 
out in our recent lifetime. Think back to 1979. How many of you were using a 
computer back then? If you were, you clearly had too much time on your hands. 
 

 
 
Back in ’79 the big decision was whether you would have 8K of RAM – or go out and 
sell the house and put in 16K of RAM – back then 16K was a lot of RAM, but it was 
nice to know you had more than enough if you ever needed it. Back then you didn’t 
have a hard drive, you had a 5 ¼” floppy disk that held 128K – that translated into 
40 pages of single-spaced text. No fonts, no graphics, no surging the WWWW – 
just plain old text. The speed was an astonishing 2 megahertz – translated that 
meant that it was REALLY, REALLY SLOW – so slow, you could start your 
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computer, open your software – and then go out and renegotiate the mortgage on 
your house, then re-roof and re-side your house – and by then, if there wasn’t an 
input-output error, maybe you’d be up and running.  
 
Interestingly, that same machine 3 years before would have cost $500,000 – so 
for $5,000 this was quite a bargain. 
 
Let’s fast-forward to 1984. 

 

 
 
By 1984 we’d gone from 16K of RAM to 128K of RAM – the disk drive capacity had 
gone from 128K to 400K – the speed in increased from a smoking 2mhz to a flaming 
10mhz – and yet despite the fact that we were dealing with more than 16% 
inflation the price had dropped from $5000 to less than $3900.  
 
In 1986 Moore wrote another article in which he had to revise Moore’s Law based 
on the remarkable developments in chip technology that had occurred in the past 
few year. As a result Moore suggested that the technology could squeeze twice as 
many transistors on an integrated circuit every 18 months while at the same time 
the cost of creating the chips decreased by half – thus increasing the speed and 
capacity of the chips by a factor of 4 every 18 months. 
 
As a result, a lot has happened between 1986 and today, so I apologize for the fact 
that this table is completely out of date – I mean I haven’t updated this thing in at 
least 3 weeks. 
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I mean I defy you to go out online today, to look in a newspaper or a magazine and 
find a new computer with less than 512mb of RAM. If you buy 512mb you probably 
won’t regret it for at least a month. And if you don’t have at least a 80gb hard 
drive, where are you going to store all of those pictures, movies, and music that 
you’re downloading from the WWW. And if that computer isn’t running at 2000mhz 
or better, you’re going off into the twilight zone waiting for your software to load.  
 
And yet, here’s an interesting trend. It’s estimated in American today that more 
than 70% of the baseline computer products, including a keyboard, monitor and 
modem, start at under $800 US – and a full 40% start at under $400 US, 
 
Now stop for a moment and consider this last table. When you consider the 
figures, do you see any kind of trend emerging? Because our point will be again and 
again that you cannot view any trend, any technology, any piece of software outside 
of the continuum from where it’s been to where it is to where it will be.  
 
But the critical question to ask is, given these trends, what does the future hold? 
Let’s go back to Gordon Moore, now retired (and stinking filthy rich), who was 
interviewed recently in Wired magazine, and asked the same question he’s been 
asked for more than 40 years.  
 
What is the future of Moore’s Law? So far, Moore’s prediction has been uncannily 
accurate, but it’s very hard to grasp the significance of Moore’s Law because the 
mind simply can’t keep up. 
 
And what he continues to say is staggering. Because what he suggests is that just 
based on the scientific principles that hold up Moore’s Law – we’re not talking here 
about photonics, molecular electronics, biologically or DNA-based computing – that 
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the exponential doubling of Moore’s Law – 1-2-4-8-16-32-64-128…is going to 
continue for at least another 15-20 years. 
 
And recent announcements by IBM and Hewlett Packard in the field of molecular 
electronics lead many experts in the field to predict that the exponential doubling 
of Moore’s Law is going to continue for at least another 50 and probably another 
100 years. 
 
And if you extrapolate out, the future is going to be unbelievable. And really, if 
truth be known, I’m not as concerned about how prepared you and I are for this 
future. I’m more interested in what the future holds for the children that enter 
kindergarten this fall – the kids that will be part of the graduating class of the 
year 2010.  
 
See, just based on a reasoned extrapolation of Moore’s Law, what kind of 
technology will be common to them, what kind of technology will be common to us, 
one generation of students out. 
 
And I ask you… 
 

 
 

 
How many of you would like to 200,000mb of RAM? How many of you would like to 
have a 40,000gb – a 40 terabyte hard drive? How many of you would notice if your 
computer was zipping along at 600,000mhz plus? And how many of you would be 
willing to spend $1.37 dollars for such a device? 
 



Windows on the Future: Thinking About Tomorrow Today  ©2007, The InfoSavvy Group 

  Page 18 of 219 

Don’t believe us when you look at this table – well sometimes we don’t believe us 
when we look at the table. And then we think back to 1974 when we bought our 
very first Hewlett Packard calculator. Remember it - $795 – you used a 
wheelbarrow to move it around – and it had four functions – add, subtract, multiply 
and divide (as long as you didn’t have to carry) Recently Ted was walking through an 
airport. And there in the gift shop was a Lloyd’s full-function – solar powered 
calculator for 29 cents.  
 
And by the way, primarily because of those recent announcements in the area of 
molecular electronics, Moore has adjusted Moore’s Law once again. He now says it’s 
doubling ever 12 months… 
 

 
 
And with the emergence of nanotechnology in the next few years, some experts 
predict that it will have to be reduced again to every 6 months. And by the way, I 
tried to put a table together to represent what that would look like – but the 
numbers looked ridiculous and wouldn’t fit on the page. 
 
As Marc Prensky notes, because of Moore’s Law students one generation out will 
work with technology that will be in excess of 1 billion times more powerful than 
the technology we commonly use today. For most people of our generations - for 
those of us that Prensky calls the Digital Immigrants - we can remember a time 
when this stuff didn’t exist. But for students today, both young and old, for the 
Digital Natives born into the new digital landscape, there has never been a time 
when these powerful technologies and resources haven’t existed. Digital Natives 
have internalized the new digital landscape and have come to take it for granted. 
And because of exponentialism things have not only changed, they continue to 
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change exponentially.  
 
For example what are these things? 
 
 
 
 
 
 
 
 
 
Perhaps it’s a new digital pen or maybe a pen with a camera. Or maybe it's a new 
kind of microphone? 
 
 
 
 
 
 
 
 
 
How about a completely new paradigm for laptop computers being developed by 
NEC? 
 
 
 
 
 
 
 
In fact, this is PISM – a pen style cellular phone with handwriting data input 
function, a small projector, camera scanner, and personal ID key - all those devices 
are connected with one another through short-range wireless signals and 
connected to the Internet through a cellular phone function.  
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This includes a virtual projectible infrared keyboard  
 
 
 
 
 
 
 
 
 
 
Think about it this for a moment - the keyboard’s not really there, but you can still 
send and receive e-mail, post a blog or just about anything else you can do with a 
real keyboard. 
 
And when you see devices like this, what you need to understand is that we live in 
exponential times and that as a result, there are probably 3 to 4 more generations 
beyond this technology already being developed in production labs around the world 
because the technology we will use for the next ten years has pretty much already 
been invented - you just can’t buy it yet. 
 
And so what you see - this technology - is literally just the tip of the iceberg.  
 
Despite the fact that we now see that some of these devices have some power, we 
are simply not prepared for what’s about to unfold. We are now going faster than 
human beings can endure. The pace of business and society can no longer keep up 
with the physics of chip technology 
 
By 2007 there were more billion transistors on a single microchip. By 2019 the 
power of an off-the-shelf computer will exceed the intelligence of that of a human 
being. By 2030 children will carry devices in their backpacks or their pockets 
containing the sum total of all human intelligence, with any single piece of 
information accessible in a fraction of a second.  
 
As an aside, is there a point where we have to draw the line and focus less on the 
power and potential of the technology and more on using the technology that we 
have?  
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And if you want to read something that will absolutely blow your mind, read Ray 
Kurzweil’s new book “The Singularlity is Near”. Kurzweil, besides being an 
incredible inventor and prolific writer, has been absolutely on the money for more 
than 30 years in projecting where new technologies and trends are going. 
 
Kurzweil says the time is near when exponential technological change will be so 
rapid and so profound that it fundamentally and irrevocably transforms our world 
in profound, unimaginable. Some experts would say that we cannot comprehend this 
scale of change, at least with our current levels of understanding, and that it is 
therefore impossible to look past today and try making sense of what lies ahead. 
 
What he says in this latest book is that as Moore’s Law inevitably starts to 
diminish as transistors get closer and closer together, we shouldn’t worry because 
Moore’s Law will have long been superceded by quantum wires, nanotechnology, 
nanotubes, silicon photonics, 3 dimensional chip designs, DNA and biologically based 
computing that will increase the speeds and capacities of future devices not by 
factors of hundreds or thousands, but by a factor of billions.  
 
The point here is that in exponential times, you cannot view any trend, any 
technology, any way of thinking outside of the exponential continuum from where it 
had come from to where it is heading. And this compels us as educators (which 
derives from the Latin educere – to lead out – literally to lead children out of the 
educational wilderness) to look at things differently. 
 
We have a tendency to think that change is something that happens somewhere 
else to someone else - that it happens to farmers, insurance agents, auto workers, 
office workers, bankers – but that somehow we in education can continue to be 
immune to the effects of change – and that the future will little more than a 
commonsensical linear extension of yesterday and today.  
 
Remember that in exponential times, common sense today will not be common sense 
20 years from now. And global exponential trends are not neutral nor are they 
discriminating they affect us all in different ways. 
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SOME QUESTIONS TO CONSIDER 
1. What implications does Moore’s Law hold for you personally and for your 

family? 
2. What implications does it hold for our communities? 
3. How will Moore’s Law affect the nature of the workplace?  
4. Does this global exponential trend hold any implications for our schools and 

the children attending those schools?  
5. Given that this is a global trend, what skills will children need to have that 

we didn’t need to have growing up?  
6. What will they need to be able to do with these skills?  
7. And what are we doing in our schools right now to prepare children for a 

world that will be fundamentally different than the world we grew up in? A 
world that will be fundamentally different than the one we live in now. Or 
does it really not matter because our students are poor, or they speak 
English as a second language? Or worse, are we just pretending that these 
changes are not really happening; or we’ve already dealt with it? 

 
You see, even though Moore’s Law – technological processing power and speed 
doubling exponentially ever 12 months – is absolute conceptual dynamite, it doesn’t 
stop there. That’s because the chip technology driving Moore’s Law has lead to a 
second global exponential trend that, depending on how you calculate it’s actually 
growing at four to six times the rate of Moore’s Law. And because of the chip 
technology of Moore’s Law a second exponential trend has during the last twenty-
plus years. That trend is: 
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EXPONENTIAL TREND #2: THE LAW OF THE PHOTON 
Consider for a moment: how fast is really fast bandwidth speed? Does anyone 
remember using a 300-baud, or a 1200-baud or a 2400-baud or 9600-baud modem? 
(Please, no one laugh hysterically). Do you remember moving from that to a 28.8 or 
56K modem, and thinking you had died and gone to heaven with all that bandwidth 
speed. 
 
In many communities today using two strands of the coaxial cable of our cable TV 
network or ISDN lines, it’s quite easy to download in excess 10 megabits per 
second – understanding that downloading at 10 megabits per second means 
downloading the equivalent of the contents of a CD-ROM in 60 seconds. You need 
to understand that the contents of a CD-ROM would represents the work of a 
person typing at 100 words a minute, for 60 minutes an hour (I acknowledge that 
this is a fantasy situation!), for 8 hours a day, 5 days a week, 52 weeks a year, for 
more than 12 years (Lucent commercial). I’d get all that in about one minute. 
 
Think that’s fast?  
If so, get over it! What about fiber optics? Right now, it’s quite easy to have 
bandwidth of 10 gigabytes per second (not per minute) traveling down a single 
strand of glass fiber thinner than my thinning hair, 10 gigabytes per second is the 
equivalent of the contents of 3 CDs per second (not per minute) – that’s like taking 
everything that William Shakespeare has ever written (you might notice that he 
hasn’t written a lot lately) translating that into 200 languages and sending the 
contents from New York to Singapore return in .0043 seconds. (Lucent commercial)  
 
But is that fast?  
Well, within the past few years, two companies, Alcatel and NEC have been able 
separately to send more than 10 trillion bits per second down one single strand of 
third generation hollow glass fiber. Ten trillion bits per second is the equivalent of 
more than 1900 CDs PER SECOND, 150,000,000 simultaneous phone calls, 400,000 
DVD quality movies, or the entire 150,000,000 items contained in the Library of 
Congress down a single strand in 1 second. And remember that in a single fiber 
optic cable there can be anywhere between 800 and 1400 strands. 
 
So is that fast?  
Once again you need to get over it. In his recent book Telecosm, George Gilder, a 
widely respected and quoted futurist says that today we are experiencing the Law 
of the Photon. Gilder says that since 1983, when the first fiber line was installed 



Windows on the Future: Thinking About Tomorrow Today  ©2007, The InfoSavvy Group 

  Page 24 of 219 

between Washington, DC and New York City, that bandwidth speed and capacity 
per dollar has been tripling exponentially every 12 months. Actually because of 
those recent announcements by IBM and Hewlett Packard in molecular electronics 
bandwidth is now estimated to be doubling every 6 months. Depending on how you 
calculate it, that’s 4 to 6 times faster than the chip technology is increasing.  
 
Gilder further asserts that this exponential tripling (1-3-9-27-81-243…) will 
continue for at least another 20 years.  
 
And if it does this, we can expect bandwidth speed to increase during that span by 
in excess of 1 billion times. If this is the case (and there is little reason to doubt 
that it isn’t) this means that today we are literally in the Stone Ages of optical 
communications.  
 
Enter wireless 
And that doesn’t even begin to acknowledge the growing power of wireless. The 
latest thing is WiFi - wireless fidelity - hi speed wireless connections in offices, 
homes and schools. And while we’re getting comfortable with this, on the horizon 
are WiMax, Ultra Wideband, and WiBro. What this means is close to fiber speed 
wireless through the air continuously, even when driving in a car at 60 mph or while 
flying in a plane at 40,000 feet.  
 
Where is this leading? 
This will result in the Internet being everywhere. We will be perpetually connected 
and online wherever and whenever you are. Which will lead in short order to an 
absolute explosion of new portable, wireless technologies and services beyond that 
will literally be beyond our imaginations. 
 
Fiber, wireless and coaxial cable have become the concrete and steel of the 
information highway. As a result, photonics is the near and distant future of global 
information economy. And while things are changing rapidly, it is safe to suggest 
that the technological and informational transformations of the past 10,000 years 
will be absolutely dwarfed by the transformations we will experience in the next 3 
to 5 years of our lives. These changes will have a profound effect upon the way we 
work, the way we play, the way we communicate and particularly, the way we learn. 
This pushes and will continue to push our mindsets. 
 
In his new book The World is Flat, writer Thomas Friedman says that as a result of 
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exponentially increasing bandwidth, that we’re experiencing the death of distance. 
That there’s never been a time where distance has meant less than it does today. 
 
Fifteen years ago, graduates from my hometown of Vancouver only had to compete 
for jobs with graduates from Victoria, Nanaimo, and Prince George. Then about 10 
years ago, these graduates had to compete with graduates from Seattle, New 
York, San Diego and Cleveland. But now the competition comes from people and 
machines Shanghai, China, Mumbai, India and Tel Aviv, Israel and soon anyone 
anywhere on the planet. 
 
As a result, today’s economy is no longer bound by state or national borders. The 
economy isn’t driven just by manufactured goods or natural resources, and it 
doesn’t rely solely on services. This new economy is based on new not just 
reconstituted knowledge, and new knowledge is based on education. This global 
economy is about a strange new vocabulary - it’s about outsourcing, insourcing, and 
supply chaining - software designers in Wheeling, WV are just as likely to be 
competing with software designers in Bangladesh as with designers in Silicon 
Valley. And it’s not just high-tech work - it’s tax return, CT scan analysis, legal 
work, even receptionists. A grocery store stocker in Dallas is linked to a complex 
global supply chain where information and transactions can be updated in less than 
a second  
 
Friedman says if our students are going to survive let alone thrive in a world that’s 
flat, they must leave school with a completely different set of skills than the skill 
set they typically leave school with today.  
 
The World is flat originally came out two years ago - it has been revised twice 
since then because the world is moving so fast - and it’s being revised again. 
Compare that to the last time we revised our fundamental assumptions about 
school? 
 
In the latest revision of the World is Flat, Friedman frequently refers to Daniel 
Pink’s book A Whole New Mind. Pink says that we live in a predominantly linear 
logical left to right top to bottom beginning to end left brain society - this 
continues to be the mindset behind many of our assumptions about teaching, 
learning and assessment today. 
 
Pink says that the role of the right side of the brain, which handles pattern 
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analysis, big picture thinking, intuition, creativity, empathy, and the ability to link 
seemingly unrelated objects and events into something meaningful has long been 
undervalued, underappreciated, misunderstood and even ignored in schools and our 
predominantly left-brained society.  
 
But Pink writes that almost anything that involves left-brained thinking can be 
automated, turned into software or outsourced and that in the new economy, many 
skills can be outsourced or automated, but creativity and imagination cannot and 
that if our children are going to survive let alone thrive in this new 21st century 
economy requires skills, and knowledge and habits of mind that, historically, have 
been largely discounted or ignored in schools; and that if they are going to survive, 
they’re going to need to use both hemispheres at the same time - they’re going to 
have to use the Whole New Mind. 
 
Consider the following question about what we teach kids 
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SOME MORE QUESTIONS TO PONDER 
1. In a global economy, does the idea of anytime, anywhere high speed access 

to information and services change in any way, shape or form the kinds of 
skills, knowledge and habits of mind that students might need to process 
massive amounts of readily available but occasionally inaccurate information?  

2. In a global economy, where these students will be competing with people and 
machines from other countries, what skills and knowledge and habits of mind 
will they need to know that we didn’t need growing up?  

3. What will they need to be able to do with what they know?  
4. And what should we in education be doing to help prepare them for this 

world? Or are we just pretending this isn’t happening - that it isn’t really 
relevant to the responsibilities of schools? Or worse, are we hoping that if 
we ignore these trends, they will just go away? 

5. What steps can we take to ensure that all of our students develop the 
essential skills including creativity training to succeed in this radically 
emerging exponential environment? 

 
And now that you have thought about these questions, consider that your thinking 
is probably based on linear common sense. So now reconsider these questions based 
on exponential thinking. 
 
A Ripple Effect 
It’s hard enough having to comprehend the implications of Moore’s Law. But what a 
lot of people don’t understand is that it was the chip technology of Moore’s Law 
that lead to the Law of the Photon. And the combination of those two exponential 
trends created a ripple effect has lead in the past decade or so to trend number 3: 
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EXPONENTIAL TREND #3: THE INTERNET REVOLUTION! 
Why did the Internet appear almost overnight as a commercial force in our lives? 
Do you remember a time when you could actually look at a newspaper or magazine 
and NOT see some gee whiz articles about the amazing abilities of the Web? Do 
you remember when surfing was done outdoors? When Java was something you 
drank with milk and sugar? When you didn’t have to know what the @ sign was for? 
When you could actually turn on a show, watch a movie, read a magazine or look at a 
billboard and not see “http://www.getreadytospendmoney.com”? It’s hard to 
believe that our world was a simpler place a little more than 10 years ago.  
 
Anyone remember way back in time to the text-based Internet? How about using 
Pine Mail and needing to know how to speak in tongues in order to use the Web? 
For many people, this all changed in the summer of ’95, when a new piece of 
software called Mosaic appeared. I remember looking at a computer screen with my 
jaw on the ground saying “you mean to go out on the Internet all you have to do now 
is point and click!!!!” 
 
For me and for many others, that was a personal pivotal moment in our lives where 
the Web went from being something done by geeks and propeller heads who spent 
their spare time waxing their modems trying to get higher speed to something that 
was quickly taken for granted and embedded in the public consciousness.  
 
We think nothing of the fact that we can access our bank account, use our credit 
card or use a cell phone even when we’re halfway around the planet. When did this 
happen and why didn’t we see it coming? 
 
Think about this. In 1992 there were less than 300 users of the WWW on the 
planet. This was mainly because Marc Andreesen, the creator of Mosaic (which 
eventually became Netscape and then was purchased and eventually abandoned by 
AOL) had just graduated from high school (he was born in July, 1971).  
 
The Internet today 
Now according to Internet usage statistics (this estimate will probably be wrong 
tomorrow) found at http://Internet-statistics-guide.netfirms.com/, there are 
more than 1.4 billion regular users in more than 170 countries. That’s more than 1 in 
6 around the world – 15% of the world’s population. The Web contains more than 
100 billion web pages. 
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In a typical 24-hour period approximately 164,000 new users are added – that’s 113 
per minute. By 2010 the number of users is estimated to reach more than 2 billion. 
 
In that same period of time, 4 million new web pages are uploaded – more than 30 
million picture messages, 4 billion text messages and 97 billion emails sent (that’s 1 
million per second) – not to mention more than 250 billion SPAMS – most of them 
to my inbox about topics I really don’t want to discuss. According to Jupiter 
Research, last year an estimated 36 trillion emails were sent along with 90 trillion 
spams. 
 
It’s estimated that 7 out of 10 Americans have gone online within the past 30 days 
and that 1 in 3 has bought something. That Internet related sales are close to a 
trillion dollars a year, which is twice the amount of sales by the American auto 
industry. And someone somewhere on the planet clicks on a Web page 200 billion 
times a day. 
 
Conservatively, it’s estimated that the Web is doubling in size every 120 days, 
which means that it’s exponentially doubling in size 3 times per year! If this is the 
case, that means that more than 80% of the sites that will exist a year from now 
don’t exist today. This is absolutely stupendous, biological growth-like bacteria or 
disease. As a result, the amount of bandwidth being used to send and receive this 
stuff is estimated conservatively to be tripling exponentially every year. 
 
Think about it. MySpace has almost 200 million users growing at almost ½ million 
per week - more than 40% of users are between the ages of 35 and 54. In July 
2004 .1% of Internet visits were to MySpace. Today it’s more than 5% of Internet 
visits. That’s a 5000% increase in 3 years. The average MySpace page is visited 30 
times a day. What kind of impact has this had on our society? Last year 1 out of 
every 8 couples married in the U. S met for the first time online. Do you think 
there’s something going on? 
 
Then there’s YouTube, which is now owned by Google. YouTube has 100,000,000 
unique visits and 100,000 new videos posted every single day. In fact you need to 
pay careful attention to YouTube - it’s the canary in the coal mine indicating the 
trend that for the younger generation video is rapidly replacing email, texting, and 
blogging - in particular for them email is so 20th century and for old people. 
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Then there’s Wikipedia with more than 4 million articles in over 200 languages. By 
comparison, the Encyclopedia Britannica has a total of 33,000 articles max. There 
have been over one million new articles posted in the past year alone. It’s greatest 
strength is that unlike EB when a news story breaks it can be updated in real time. 
And yes, there have been complaints about the inaccuracy of some of Wikipedia’s 
article. The Scientific American recently did a comparative analysis of the 
accuracy of Wikipedia and EB – and the winner was…Wikipedia!!!! And now there’s a 
new academic version of Wikipedia being developed. 
 
Then there’s eBay, which had just 30 employees in 1998. Today, it has 13,000 
employees and more than 230 million customers worldwide engaged in 100 million 
auctions at any given time. An estimated 1 million people in Canada and the US make 
their living exclusively buying and selling on eBay. 
 
Then there’s Skype, which is owned by eBay. Skype has gone from one hundred 
thousand members to more than one hundred million registered users in just two 
years. You can call anyone anywhere - have a teleconference with one or many 
people somewhere on the planet any time for pennies or nothing at all - and it’s not 
uncommon for you to be on Skype at the same time as 9 million plus other Skypers. 
Do you think the emergence of Skype has any impact on the telcos? Does this 
development have any implications for education in the near future? 
 
Or there’s Second Life. More than 500,000 participants create identities and 
personalities that allow them to socialize, entertain, interact commercially, earn 
real money and learn in a self-contained virtual environment fabricated almost 
entirely by its users. Players buy, sell, invest and generate real wealth using a 
virtual monetary system. This development is so significant that IBM has 
purchased 31 islands in Second Life from which to transact virtual. IBM sees 
Second Life as being the near future of online business. Inn fact, Second Life has 
been so successful there’s a bill being considered by the US Congress to levy taxes 
on property and currency inside the system and tax Second Life earnings. 
 
Then there are Podcasts. Songs, TV shows, audiobooks, movies, museum tours, 
academic courses, lectures, language lessons – almost anything imaginable – and 
available for download 24/7. 
 
To put this into perspective, a Google search of the terms Podcast in September 
2004 would have resulted in 11 hits. The same search last night resulted in more 
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than 120,000,000 hits. Do you think there’s something happening here? And 
remember, this exponential growth has happened in just the last 2 1/2 years. 
 
Then there’s digital music. As of January 1st, 2007 the Apple Store had sold more 
than 2 BILLION songs not to mention 100 million iPods. They’re averaging 58 songs 
per second, or 5 million songs a day. As a result, Apple Inc. - formerly Apple 
Computers - a company we think primarily sells computers, sells more music than 
Amazon.com and ranks behind only Wal-Mart, Best Buy and Target as a music 
retailer. And this has happened in just the past four years. 
 
Do you think this has changed the music and movie industries? Do you think this 
trend might have any implications for education? 
 
Because you see, there’s iTunes University. Whether you’re aware of it or not, the 
entire catalog of undergraduate and in some cases graduate courses (not 
descriptions but the actual courses) are available from several dozen universities 
like Berkeley, Stanford, Duke, and MIT. Many of these classes are completely 
accessible and downloadable for free from the Apple’s iTunes store, often within 5 
minutes of the lesson finishing. What this means is that a student with an iPod 
could be listening or watching the lesson again between classes or at almost any 
other time or place. 
 
And related to this is TeacherTube, which is an educator's version of YouTube 
This is a fantastic place to upload and download short or long instructional videos 
along with support files to attach educational activities, assessments, lesson plans, 
and notes. 
 
And remember, what I’ve described here is just a small sampling of the kinds of 
resources that are increasingly available online. The best is definitely yet to come. 
 
So what are the implications of the continued development of increasingly 
sophisticated resources for schools? What does digital multimedia content do to 
the notion of paper-based resources and paper-based learning? What does it do to 
purpose of libraries? Do you think there might be any savings when textbooks and 
other materials are available in digital format downloadable to a computer or 
handheld device and updatable instantly rather than every seven years? Is it any 
wonder that several states are quickly moving to 1:1 computing for their students? 
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This certainly isn’t a matter of being trendy; it’s a matter of cost effectiveness 
and pragmatics. 
 
Then there’s the blogosphere - a self-organized network of over 50 million 
personal commentary sites – blogs, audioblogs, podcasts, video podcasts - with a 
new blog being added every ½ second. As a result, users, even white-knuckle 
technologists and newbies now have access to powerful, easy to use tools that will 
allow them to collaborate with anyone anywhere. And whether you are aware of this 
or not, all of these trends and many more we don’t have time to talk about have 
lead almost overnight to the latest buzzword -Web 2.0. 
 
The Web has moved from being a passive viewing medium like TV to second 
generation Web-based services such as social networking sites, wikis, 
communication tools, and construction technologies that emphasize online 
communities and sharing among users - learning tools of mass collaboration. 
 
According to the Pew Internet Project survey more than half of online users today 
are content creators not just content consumers. These developments have lead 
seemingly overnight to a new mindset. 
 
The law of diminishing astonishment 
All this rapid growth has dramatically skewed personal perceptions. Access to the 
Web and email services from desktop computers, laptops, handhelds and now cell 
phones has almost overnight lead to a fundamentally new mindset for many people. 
The amazing capabilities of the Internet have become taken for granted.  
 
To put this into perspective, until recently, cyberspace computers, networks, and 
the Internet used to only be for unusual people - for propeller heads, nerds and 
geeks who spent their lives sitting in the ethereal glow of a computer screen 
getting a great tan while drinking Jolt Cola and eating Hostess Twinkies. Now, it’s a 
middle class suburb. Almost everyone, including my 85-year old father is using the 
Web.  
 
And what’s more amazing is that this has already happened in a world where it’s 
still going to cost you more than $1,000 by the time you’ve bought your computer, 
modem, software and connection to your ISP – and where, despite improvements in 
bandwidth speeds, for those who don’t have access to high speed Internet access, 
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downloading files is, as Jim Hargreaves, David Thornburg and others have 
suggested, like trying to suck peanut butter up a straw.  
 
What about tomorrow? 
But we need to stand back for a moment and remember that we must view what we 
see today as part of the continuum from where we’ve been to where things will go 
tomorrow. 
 
Amazing new technology 
What about the recent and future emergence of sub-$300 handheld devices that 
are more powerful than a computer while consuming 100 times less electricity? 
Consider the appearance of devices that are as portable as a watch while being as 
personal as wallet. Think about gadgets that will be the equivalent of a T1 fiber line 
sitting in your pocket. Imagine Internet-ready cell phones with the ability to 
connect to the other 1.5 billion (and growing) cell phone users on the planet, one-
on-one, one-on-many, simultaneously or asynchronously. 
 
Imagine the emergence of devices with a high resolution color screen, and a built-
in Web browser providing wireless capability - search and surf the Web - send and 
receive text messages and email – access and read news reports - check sports 
scores - download electronic-books and read them (for the younger generation) or 
have them read to you - use your integrated home entertainment center - play 
video games – sing along with a karaoke machine – listen to FM radio - capture and 
play MP3 music player – capture a special moment with the built-in digital camera - 
play videos - receive consumer alerts – use the GPS to get directions (no one will 
ever be able to tell you to get lost again) – video a special event or use for face-to-
face videoconferencing.  
 
But there’s more – much, much more. Do you remember the time when the only way 
you’d ever get money from a bank on a weekend was with a gun, a mask and 
dynamite? In the near future, this device will also become your wireless cash 
machine, replacing your ATM card. You’ll point it at a little box on top of your 
computer or TV, connect to your bank and download e-cash, then upload an 
allowance to your child’s version of the device – or point it at a vending machine 
(and still get ripped off) - order a cappuccino or an airline ticket - pay 
electronically and get a receipt - access a train schedule - check traffic and 
weather - choose a movie - check out a restaurant menu - scan a barcode and 
compare the cost of a book at Barnes and Noble with Amazon’s price - or figure out 
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how fresh the fish at the supermarket is, when it was caught, on which boat, and 
even learn the name of the fisherman who reeled it in.  
 
And just appearing now we are seeing the capacity for CVR (Continuous Voice 
Recognition) – the ability to be able to be able to speak into the phone and with 
more than 95% plus accuracy having the phone distinguish between “recognize 
speech” and “wreck a nice beach” and converting your words into written text. 
What will devices like that do to the writing process?  
 
And a little further out - automated interpreting telephony. Imagine five- way 
calling between individuals or groups in 5 different countries who speak in five 
different languages. You speak in your own language and have it come out the other 
end second later in the language of the listeners. 
 
Do you think this is science fiction? All of these capabilities already exist in 
various different devices. Such technologies will soon become man and woman’s 
best friend, replacing our keys, our wallet, and our identification. 
 
And what is- what will be the price point for devices with any and every 
combination of these features? Try under $200. And keep in mind that these 
devices not designed for our generation, but rather as the next natural step for 
the Digital Native generation as they move from video games to the business world. 
  
Why in the world would we want to ban students using devices like this in schools? 
Shouldn’t we first examine their potential as powerful learning tools if used 
appropriately? 
 
Is it possible that our linear thinking is not keeping up with our exponential world? 
 
What will happen to Internet usage? 
With new products and services like this appearing all the time, combined with a 
growing awareness of the power and potential of on-line communications, where do 
you think that usage is going to go over the next few years? Is it going to go down? 
Will it stay about the same? Or is it going to absolutely accelerate through the 
roof? (Three guesses, the first two don’t count) 
 
What must be understood is in the same way that new technologies have and will 
continue to dramatically change and grow in power, the Web is radically 
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transforming. Ten years out the Internet will be completely unrecognizable. Right 
now, most people use a mouse or a keyboard to access the Web.  
 
As wired and wireless bandwidth speeds increase, the Internet will become a 
working and learning environment where you’ll literally put on headgear - a pair of 
virtual reality glasses - and walk on the Web. 
 
In The Singularity is Near Kurzweil predicts that we will have full immersion 
reality by 2010 and fully injectible virtual reality by 2020. If you think video 
games are addictive to Digital Natives, try full immersion reality. Is it any wonder 
that there are students who are less than patiently waiting for the video game or 
Internet version of school to appear at Wally’s World (WalMart) so they won’t 
have to come to school anymore. 
 
Look, we still aren’t there yet. There’s lots of criticism about slowness, security, 
under/over regulation, system overload, SPAM and all the rest. But we need to get 
over it. These issues and emergent new issues will eventually be resolved. Just like 
the early telephone system, things aren’t perfect yet, not all have the necessary 
access, and it’s not always easy to use. 
 
Despite all of the “yeah buts”, the Internet continues to come at us like a freight 
train. In a few short years, it has reached full-fledged status as a commercial 
medium.  
 
Technology is what it is. And not to use the intelligent Web - not to acknowledge 
its power and potential – not to acknowledge that the Internet is and will continue 
to be a development of profound significance - is a little like refusing to use a 
telephone because it’s ruining our ability to write - not playing a piano because it’s 
ruining music – not using refrigerator because it’s ruining the quality of food or 
refusing to use a car because we used to ride horses - that we should ignore them, 
because that’s not the way we did things in the past.  
 
And if you understand what’s really going on here, it helps explain Internet fever - 
why the Internet is coming at us like a runaway freight train - and why it has 
reached full –fledged commercial status in less than 10 years. 
 
The kinds of things the Internet allows us to easily do and that we increasingly 
take for granted today would have been unimaginable even 5 years ago. 
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Why has the Internet exploded?  
It’s because the Internet is a business, education, entertainment and 
communications center all in one device. In the past, we had to go different places 
and use assorted devices to do different things. We used the phone to talk to 
others. We went to the post office to send and receive mail. We drove to a store 
to buy things. We went to the library to do research. And we went to school to 
learn. Now all these services are in one place and one device.  
 
And instead of us going to the services, we expect the services come to us – 
anytime, anywhere. This was really reinforced a few years ago when my son Kyler 
bitterly complained that it had taken him almost 15 minutes to register for his 
winter courses …online…from his bedroom.  
 
How many of you remember registering for courses in the old days? Remember the 
long lineups? Remember getting to the front of the line only to be told that the 
section you wanted was closed? 
 
We ain’t in Kansas anymore 
These are different times and this is a different world. And just like the radio, 
the television, and the telephone separately were the dominant media for 
communications in the 20th century, when you put them all together, what do you 
get? The Internet – which will likely be the dominant communications medium for a 
large portion of this century.  
 
As MIT’s Nicholas Negroponte suggests, the emergence of the Internet is a 
veritable 10.5 on the Richter scale of social significance. It’s almost impossible to 
overstate its significance in transforming our lives.  
 
Think I’m overstating things? Ten years ago few people could have imagined that in 
less than a decade you'd be able to download an amazing variety of music and video, 
an evolving encyclopedia, weather forecasts, help-wanted ads, satellite images of a 
city a continent away, up-to-the-minute news from around the world or 3 time 
zones away, tax forms, TV guides, movie reviews, road maps with detailed driving 
directions, real-time stock quotes, software, online tools, telephone numbers, real 
estate listings with virtual walkthroughs, pictures of just about anything, sports 
scores, price quotes, places to buy just about anything, information on just about 
topic, records of political contributions, library catalogs, digitized books, appliance 
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manuals, live traffic reports, archives to major newspapers, order a pizza from 3 
blocks away, and much more- all wrapped up in an interactive index that really 
works.  
 
And even if you don’t use this stuff, kids do! Let’s put this into perspective. How 
many of you use Instant Messenger, MySpace, YouTube, or The M? Sorry, I asked 
the wrong group. If I asked teenagers, almost every one of them would put their 
hand up. It used to be that teens would dominate the family phone, tying up the 
line for hours talking to their friends. But today’s kids grew up on the Internet and 
communicate just as readily with text and video as with voice.  
 
Let’s put this all into perspective. The revolution has just begun. And already it’s 
starting to overwhelm us, outstripping our capacity to cope, antiquated our laws, 
transforming our morals, reshuffling our economy, reordering our priorities, 
redefining our workplace, putting our constitution to the fire, shifting our concept 
of reality and making us sit for even longer periods of time in front of glowing 
screens, while at the same time only marginally affecting teaching, learning and 
assessment. 
 
And that’s just where we are today – and if we understand that we live in 
exponential times and that this has to be viewed as part of the exponential 
continuum, where will be in 5 to 10 years from now?  
 
And once you have thought that through, again consider that your assumptions are 
based on linear common sense - so now you need to reconsider this based on 
exponential thinking. 
 
 
This leads to some more questions… 
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SOME QUESTIONS 
 

1. Do you, do kids communicate differently online with email or Instant 
Messenger than we were taught to communicate in school? The answer is 
clearly “differently”. Given that this email and IM are increasingly the 
medium of communication for kids what have we done to change the 
Language Arts curriculum in schools today or is the focus, is the curriculum 
pretty much the same curriculum that we were taught? 

2. What do you, what do kids read online? Is it novels, essays, and poems? How 
about product summaries, news reports, commentary, analysis, gossip, 
statistics, tables, charts, graphs, graphics, spreadsheets?  

3. Is reading product summaries, news reports, commentary and the like the 
same or a different form of reading than reading a novel, essay, or poem? 
It’s different. Reading a novel, essay or poem is known as literary reading. 
Reading product summaries, news reports, commentary, analysis, and 
statistics is what we call technical reading. Technical reading is actually a 
completely different cognitive process that uses a completely different part 
of the brain (more on this later). 

4. Given that information in this form is becoming more and more common - 
given that children today are as comfortable or more comfortable reading 
from a screen or a handheld device as we are reading from a book, how are 
we modifying the curriculum to prepare our students for this type of 
reading? Or are we pretending this isn’t really happening because how 
children now communicate, how they ready, how they choose to interact with 
information and one another doesn’t conform to our traditional definition of 
literacy? 

5. If the world is experiencing such a massive, radical shift from traditional 
text based information learning sources to online interactive multimedia 
learning resources what steps can we take to reorganize the State 
curriculum to ensure that it aligns with the emerging world of digital and 
online learning? 

 
And it doesn’t stop there 
What a lot of people don’t understand is that the Information Age came together 
when powerful new technologies (Moore’s Law) intersected with increasing wired 
and wireless bandwidth speeds (Photonics) to create global digital networks (the 
Internet). And these three factors together have led in the past few years to: 
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EXPONENTIAL TREND #4: THE AGE OF INFOWHELM 
Technology doubling precipitates a parallel change in the knowledge base. Facts 
become obsolete faster and knowledge built on these facts becomes less durable. 
 
This causes societies to reorganize their knowledge. Boundaries between 
conventional disciplines break down which fundamentally alters the very fabric of 
our society – affecting the way we work, play, communicate, how we learn, and 
what’s important for us to know. Yet schools in their structure, operation, 
curriculum and pedagogy remain largely the same as they have for decades. 
  
Directly because of computers, growing bandwidth and networks, the number of 
words, terms, concepts generated are growing at an exponential rate.  
 
Looking at this in real terms, there are estimated to be about 540,000 words in 
the English language, which is about 5 times as many as there were in 
Shakespeare’s time. As a result today we are dealing with a raging torrent of 
information. It’s estimated that there was more new data produced in the last 50 
years than in the previous 5,000 years. More than 3,000 books published daily 
which explains why we feel so inadequate when someone asks us if we’ve read a new 
book and we haven’t even heard of the writer. 
 
Futurist Richard Saul Wurman, in his book Information Anxiety II, stated that a 
weekly edition of the New York Times contains more information that a person was 
likely to come across in a lifetime in the 18th Century. He estimated that in one 
year a person will read or complete 3,000 notices and forms, read newspapers and 
magazines for 234 hours, watch 1,571 hours of television, listen to 1,056 hours of 
radio, listen to 269 hours of recorded music, talk on the phone for 361 hours, go 
online for 43 hours and read books for 96 hours. 
 
In essence, we spend most of our lives working and exchanging information in some 
form. Michael Crichton, author of Jurassic Park suggests that the average adult 
today spends more money on food for thought than on food for the body. 
 
Framing InfoWhelm 
Because of exponentialism, we now live in the age of disposable information where 
even our daily newspaper arrives already out of date. Because of exponentialism, 
information is now widely available and instantly accessible and, as a result, 
information has become a temporary and disposable commodity. Information has 
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value, but it’s as perishable as fruit – fresh today, but it might have to be 
discarded tomorrow.  
 
In the Age of InfoWhelm and InfoFrenzy, we have the ability to access way more 
information that we ever needed or wanted.  
 
To put this into perspective, Google has already copied and indexed over 100 billion 
Web pages and 13 billion images. Most of those files are searchable in 100 
languages in less than a second. Around the globe there are more than three billion 
Google searches performed every day – up from 150 million just three years ago. 
What did we do before Google?  
 
Google has developed more than 200 tools and services including text messaging, 
question answering, blogging, scholarly research, recipes, phone numbers, 
addresses, images, satellite photos, video clips, maps, product information, web 
services that will automatically translate web sites from more than 200 languages 
into English, financial information and dozens of other search and information 
tools. . Most of this information is accessible in much less than a second.  
 
And now we have Google Book Search. Google is financing the digitization of 60 
million books including every single book in 5 of the most prestigious research 
libraries in the world - Stanford, Harvard, University of Michigan, Oxford and the 
New York Public Library. The books are searchable as Web pages from a computer, 
a laptop, a handheld or a cell phone. This promises to make content as portable and 
inexpensive as digital music is today from MP3 players. And despite the resistance 
many of the older generation have to how digital devices are transforming our 
world, tools like Google are fulfilling the original dream of digital machines and 
human interfaces becoming unconscious extensions of our memories. 
 
And as an aside, this is just the beginning. Google is pursuing a much grander plan 
that ultimately will transform the way people work, communicate, shop, read and 
even watch TV.   
To put this into perspective, for more than 200 years the Encyclopedia Britannica 
was the #1 encyclopedia in the world. In 1993 EB suddenly went from being #1 to 
#3 behind Grolier’s Multimedia Encyclopedia and Encarta. Do you know anyone 
bought the Encyclopedia Britannica recently? Not many, because it’s expensive and 
the set is out of date before you even get it out of the box. It takes 15 hours to 
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print the entire set, it costs $500 for the materials, weighs 125 pounds, takes up 4 
feet of shelf space - and requires 23 trees to print the 33 volumes and 65,000 
articles. By the way, the EB never holds more than 65,000 articles because it is too 
costly for EB add a 34th volume.  
 
As the market shifted, EB was forced to go to publishing the encyclopedia on a CD 
ROM and then DVDs, which allowed them to add digital content, but unlike the 
paper-based version of the EB, only cost 10 cents to print, only took 6 seconds to 
manufacture, weighed a couple of grams, and could balance on the end of your 
finger. It was smaller, more portable and allowed the user to follow multiple 
pathways. 
 
Now of course, users don’t want or need CDs. Why? Because we have Web with 
more than 13 billion pages indexed by Google and accessible from desktop 
computer, a laptop, a handheld device or a cell phone. Now we have Wikipedia - a 
free online encyclopedia with more than 2,500,000 articles that are updated and 
corrected not yearly but on needs, sometimes daily or hourly basis. 
 
Compare this to the book we used to get from EB that was supposed to contain 
everything that’s happened in the last year. In the non digital world, the shelves of 
an encyclopedia, a textbook, a CD or a decimal based library can hold only so much 
information, which forces us to make decisions on what’s going to be put there. And 
as David Warlick points out, at 2/1000 of pounds per article, Wikipedia would 
weigh 2 1/2 ton right now — but no matter how big it gets, it will never get any 
harder to find your information. Compare that to the Dewey decimal system. 
 
How will libraries be able to overcome the ease of being able to download a whole 
book over the Web, at little or no cost, instead of heading to the library? Checking 
out a library book could become as anachronistic as using a pay phone, visiting a 
travel agent to book a flight, or sending a handwritten letter by post. 
 
What will easy and inexpensive access to these kinds of tools and resources do to 
education? What will they do to teaching, learning, and assessment? 
 
We have to remember that the way we design our schools - the way we define 
teaching and learning and assessment today- will define our societies tomorrow. 
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And this is just the beginning - we ain’t seen nothing yet. This is the Sony Reader – 
the new iPod for information. 
 

 
 
 
 
 
 
 
 
 
 
 
It’s about the size of a slim paperback but can store a library's worth of books as 
well as newspapers, magazines, PDF files, music and images downloaded from the 
Internet. It has a highly readable, paper-like six-inch screen, weighs 9 oz and can 
display 7,500 page-turns before needing a battery recharge.  
 
It has a wireless web connection that allows you to download books and materials 
from sites like eBooks, and software allows you to listen to an audio version and 
readily switch back and forth between reading and being read to You can search 
the contents of a book at the touch of a button - see a reference in one book, click 
on it and find related information in another book. So what’s the price? It’s $349 
and dropping.  And this is just what’s available now. In exponential times there are 
obviously more generations of devices like this already in the technological pipeline. 
 
Imagine a few years from now a student being able to carry around with them in 
the palm of their hand or their pocket a small portable device that contains the 
sum total of human knowledge. But with any single bit of information - any piece of 
text, any photograph, any video, any painting, any TV or radio program, 
commercials, web pages, blog posts, music produced by all the people of the world 
in short, the entire works of humankind, from the beginning of recorded history, in 
all languages - literally anything – a universal library accessible and cross linked to 
every thing else - every other idea on the planet within a fraction of a second - 
from wherever you are at that very moment. This is exactly where the Internet 
and Google.  
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The Expanding Digital Universe 
According to researchers at the University of California Berkeley, who totaled the 
globe’s information production of all the ones and zeroes that make up photos, 
videos, PDF files, email, Web pages, instant messages, phone calls and other digital 
content throughout the digital world generated 5 Exabytes - that’s 5 million 
gigabytes – of digital information in 2003. Five exabytes would be the equivalent of 
the amount of content stored in 37,000 Libraries Of Congress. 
 
According to a new report put out by Boston’s IDC, in the last year due in part to 
the growing percentage of users that have access to broadband, which has 
increased the ability of people to share and communicate information, all of the 
zeroes and ones generated 161 Exabytes of digital information. 
 
To put 161 Exabytes into perspective, that would be 12 stacks of books that would 
each reach from the Earth to the Sun – or 3 million times the information in all the 
books ever written – or more information than can be held on than 2 billion of the 
most largest storage iPods on the market or a mere 1,184,000 Libraries of 
Congress. 
 
Even if we only included original digital material and discarded all of the replicated 
material that is copied, backed up, or forwarded we would still have generated 40 
exabytes in the past year alone. That translates into 6500 books. 6.5 gigabytes of 
information, or 13 DVDs of information for every man, woman, and child on the 
planet – which would kill enough trees to entirely wrap the earth in paper four 
times over. Think that’s a lot? 
 
IDC estimates that this will reach 988 Exabytes - close to a Zettabyte (1000 
Exabytes) by 2010, which represents a stack of books from the Sun to Pluto and 
back or a mere 7,326,000 Libraries of Congress. 
 
And in this YouTube Age, individuals, not companies, will create 70% of that 
content.  
 
Do you think that this holds any implications for education - the types of skills 
you’d might need to have to effectively navigate that much information? 
 
Now some of you might say, well that’s not really accurate because you’re talking 
about digital content like photos rather than traditional information and knowledge. 
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If you think we’re being InfoWhelmed right now, you should hear what futurist 
George Gilder has to say. He stated that if we were to take the sum total of 
recorded wisdom, knowledge and data from the beginning of recorded history to 
1997 - to ten years ago - and we were to represent that sum total of wisdom, 
knowledge and data as a ball of twine – Gilder says that that between then and now, 
primarily because of three powerful new exponential trends (Moore’s Law) 
combined with wired & wireless bandwidth (photonics) plus global digital networks 
(the Internet) that between 1997 and today (2007), that ball of twine would have 
increased in size by 20 times. 
 
So what does InfoWhelm really mean? 
Five years ago, Gilder estimated conservatively that the amount of unique new 
technical information in our world was doubling every 2 years today. If that 
estimate was to remain steady for the 13 years a student was in our schools, that 
would have meant that during that period of time, the amount of information in our 
world would increase by 256 times. But Gilder says don’t get comfortable with it 
doubling every two years, that in the next few years will be doubling every 2 weeks 
(67,108,864 as much information) and by 2014 it will be doubling every 72 hours. 
 
The fundamental depreciation in the value of technical information  
This, Gilder suggests, has lead to a fundamental depreciation in the value of 
technical information to the point where he asserts that if you were to take a 
recent graduate of one of your local high schools and place them into a 4 year 
technical degree at college or university - that half of what they learn in their 
first year would be outdated, obsolete or just plain wrong by the beginning of their 
third year of school.  
 
He estimates that today the half-life of knowledge depreciation for an engineer is 
5 years. Translated, this means in their first five years of working, half of what 
engineers learned in college is out of date and that 10 years out, less than a 
quarter of that material is still applicable. He says that for a biochemist it’s 1 year, 
and for doctor, it’s 10 months. That translates into half a day of week just to stay 
on top of things. Cardiologists spend 25% of their time learning new things. Under 
those circumstances, if that’s the rate of knowledge depreciation for an engineer, 
a biochemist or a doctor, what’s your own personal rate of knowledge depreciation? 
 
InfoWhelm is the ever-widening gap between what we understand and what we 
think we should understand. In the Age of InfoWhelm keeping up is a daunting 
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task. For example, the National Science Foundation estimates it would take 22 
centuries to read the annual biomedical literature.  
 
And a good rule of thumb is the faster the world changes, the shorter the half-life 
of knowledge is and the more there’s a need to invest in lifelong learning. 
Knowledge today becomes obsolete incredibly quickly. As a result what begins to 
matter more is not just the ability to remember specific content but more 
importantly the ability to place the information in a context & use it effectively. 
 
Because we live in an Age of InfoWhelm, I believe that we need to teach 
Information Fluency, not just Information and Media Literacy but Information and 
Media Fluency. Information and Media Fluency involves learning an unconscious 
process – as unconscious as riding a bicycle or pouring a glass of water. It involves 
the 5As – helping information seekers to Ask good questions; to Access data from 
a wide range of high tech and low tech sources; to be able to Analyze and 
Authenticate the data in order to turn it into knowledge – to be able to distinguish 
between fact and opinion – between the good, the bad and the ugly of data; then to 
Apply that knowledge within the context of real time, real life tasks or simulations 
of those task; and finally to be able to Assess both the process and the product. 
What was learned? How was it learned? How could I make this product or this 
process better the next time around?  
 
As you can read, I don’t hold strong opinions about this. I believe that Information 
and Media Fluency needs to be taught in the same structured manner that 
Mathematics, the Sciences, and Languages are taught. It needs to be taught at 
every grade level, in every subject area, by every teacher throughout the school 
experience.  
 
And since you asked, I also believe that the role of librarians is no longer to teach 
students. It’s to help teachers learn and use the same Information and Media 
Fluency Skills they are expected to help students learn. It’s pretty hard for 
teachers to teach the skills if they don’t have them themselves.  
 
If you’re interested in exploring this topic further, check out the Information 
Literacy section of my handouts page at http://ianjukes.com and particularly take a 
look at the “Sample NetSavvy Framework” – which includes a 30 page Information 
and Media Fluency Scope and Sequence/. 
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Today’s youth are completely comfortable using inexpensive cell phones more and 
more as mini personal computers, digital music players, game players, Internet 
connectors, and cameras, sparking a revolution in ubiquitous computing.  
 
From a desktop, from a laptop, from a inexpensive handheld device, from a cell 
phone, these Digital Natives literally have instantaneous access any time, anywhere 
to every museum, every library, every art gallery on the planet - and more relevant 
for kids, they also have access to friends, games, music, shopping, cheat sheets, 
and tens of thousands of online clubs and collaborative tools specifically designed 
by them and for them. This is a different world. 
 
The problem is that in this world, we, the Digital Immigrants, struggle coming to 
terms with their world and their tools. This is because our generation was paper-
trained. We were trained to learn left to right, top to bottom, beginning to end, 
linear-logical-sequential. Do you understand what ADD and ADHD really are? 
 
It’s not a brain dysfunction. It’s because children today are light and sound 
trained. It involves completely different cognitive processes than the ones we use. 
 
And yes, we’ve all heard the complaints that children today can’t focus and can’t 
remember the names of the countries of the world or their capitals when asked. As 
the amazing Bob Hughes once pointed out, in this situation, you’ve got a child whose 
thinking is “Why should I learn this when I can Google the answer in seconds” - 
meanwhile there are many teachers who are saying, “What’s a Google?”  
 
And this same kid who can’t remember the countries or their capitals can clearly 
and concisely and instantly identify the attributes and abilities of dozens of 
characters in a multitude of video game or remember the lyrics of a thousand 
songs. 
 
It will not be possible for very much longer to engage young people in an 
educational system where the quality of experiences the school provides are not as 
inviting as the quality of the experiences they get outside the school, through the 
Internet, computer games, cell phones, inexpensive gadgets and interactive TV - all 
of these experiences designed specifically for them and their world - as opposed 
to our existing educational model, which was essentially designed for the world of 
100 years ago and where the cry is the need to be going back to basics as we have 
done is the same as teaching horse shoeing instead of driver's. 
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And by the way, if we have come to this state of InfoWhelm in just the past five 
years, what do you think might happen in the next five years? And once you have 
thought that through, again consider that your assumptions are probably based on 
linear common sense - now you need to reconsider this based on exponential 
thinking. 
 
Education is THE most important investment we can make for the economy, the 
country and the future. Why? Because employers need to know that the workers 
they hire can meet the complex demands of the new and shifting global economy 
and this country need responsible, well-informed citizens. Education is the key to 
success in that economy and in our society, and our education system must do a 
better job of preparing our students to be able to live, work and play in this world. 
 
The biggest challenge we face is being willing to put our money where our mission 
statements are. It’s hard to have a world-class education system or to develop 21st 
century learners and citizens if there isn’t agreement on what that means or 
adequate funding to allow this to happen. 
 
 
 



Windows on the Future: Thinking About Tomorrow Today  ©2007, The InfoSavvy Group 

  Page 48 of 219 

SOME MORE QUESTIONS TO CONSIDER 
1. Does InfoWhelm have any implications for the way in which content can 

provided to students? 
2. Does it have any implication for subject specialists? 
3. Does it hold any implications for pre-service or in-service training?  
4. Does it hold any implications for what, when, where and how they’ll learn? 
5. Are we systematically providing students and teachers with the information 

processing skills that they will need to deal with InfoWhelm or are we just 
using No Child Left Untested and the budget deficit as the reason we’re not 
addressing it? 

6. Or worse, are we just pretending we’ve already dealing with it and continuing 
business as usual because how kids now communicate, how kids read, how kids 
choose interact with information and others doesn’t conform with our 
traditional definition of literacy? 

7. How do we systematically provide students and teachers with the 
information processing, the information fluency skills, and the media literacy 
skills that they will need to have to deal with the Age of InfoWhelm? 

8. What steps do we need to take to ensure the massive ongoing retraining of 
all teachers? 

9. What steps do we need to take to ensure the refocusing of legislative and 
district priorities from the 20th century that we currently see in schools to 
the skills and standards that reflect the changing realities of the 21st 
Century 

 
Let’s step back for a moment and consider where we are right now. The 
Information Age came together when the incredible number crunching technology 
of Moore’s Law combined with communications technology (the Law of the Photon) 
to create global digital networks. And these remarkable developments created 
information technology that fuelled the Age of InfoWhelm 
 
But now the Information Age has begun to converge with the life sciences. This 
was really brought to my attention recently while I was standing in the middle of a 
canola field in northern Manitoba. I asked a farmer (who was also a local 
superintendent) what he considered to be the most significant issue in farming 
today. He responded, without hesitation that it was biotechnology. 
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EXPONENTIAL TREND #5: BIOTECHNOLOGY 
So what is biotechnology? This is a very complex question that I could spend days 
trying to explain. But basically, biotechnology using biological processes to develop 
products or create technological solutions to problems and it’s used in many fields - 
pharmacology, medicine, agriculture, and mining amongst others. 
 
Biotechnology has been around almost forever, since nomads selected specific wild 
seeds to grow crops. Some of the first forms of biotechnology were very noble 
undertakings. Things like wine and beer making, bread making, cheese making.  
 
Today biotechnology is used to create all manner of powerful and innovative new 
drugs and products. Today for example, farmers are using biotechnology to grow 
medicines, plastics, and fuel. But this is just the beginning and only a sliver of 
what’s already happening. 
 
Pharming  
Now we’re beginning to seethe emergence of pharming where genetically 
engineered transgenic animals (animals with human genes transplanted/spliced into 
them) that are used to produce pharmaceuticals through their milk or blood; or 
their body parts a harvested to be used for human transplants. Or plants like 
Prodigene corn used for making insulin or birth control products. Tomatoes that 
have an apple gene transplanted so they won’t rot as well as the gene of a codfish 
that lives in water below 32 degrees so they won’t freeze.  
 
Other plants have been engineered to produce everything from treatments for 
Parkinson’s and MS to vaccines for herpes, diarrhea, cholera, malaria, and anthrax, 
to cancer vaccines grown in tobacco. Literally you eat the plants and you are 
vaccinated against various diseases, to neutraceuticals - eat plants or foods and 
you’re vaccinated against various diseases. 
 
And how about lab-grown meat? Scientists can already grow frog and mouse meat 
in the lab, and are now working on pork, beef and chicken. Their goal is to develop 
an industrial version of the process in five years. If they succeed, cultured or in 
vitro no kill meat could be coming to a supermarket near you 
 
Consumers could buy hamburger patties and chicken nuggets made from meat 
cultivated from muscle cells in a giant incubator rather than cut from a farm 
animal. Home chefs could make meat in a countertop device that eventually will be 
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the size of a coffee maker. Before bed, throw starter cells and a package of 
growth medium into the meat maker and wake up to harvest fresh sausage for 
breakfast without inconveniencing the animal. It’s not much of a stretch from lab-
grown meat to… 
 
Custom made body parts 
Meanwhile, in Boston, another field of biotechnology is being used to create custom 
made body parts, like this human ear grown on the back of a transgenic mouse. Lose 
your ear to cancer or an accident, and then use your own tissue to grow a new ear. 
 
 
 
 
 
 
 
 
 
 
 
But this is just the first step. Soon biotechnology will allow arms, legs, fingers, or 
any other imaginable or unimaginable body part to be regenerated by the person 
who lost it, like a salamander does. In the age of land mines and improvised 
explosive devices, this hold great hope for the many people who have been 
grievously maimed. 
 
Meanwhile, British scientists have announced that they’ve developed a jet-ink 
printer capable of producing human skin to supplant traditional skin grafts. After 
skin cells are taken from a patient's body and multiplied, the machine prints out a 
perfectly matched strip of cells onto a dissolvable plastic surface, which is then 
surgically attached to the patient's wound.  
 
And this is just the beginning. At Johns Hopkins University, researchers are using 
a modified off-the-shelf dot matrix printer to print/grow bio-artificial organs - 
hearts, valves, lungs, livers, breasts, corneas, kidneys, bone marrow, bladders, 
bones, cartilage, artificial blood, teeth, ears, fingers, toes, nerve tissues for 
stroke victims - everything except the brain and eyes without problems of 
rejection because they’re built from the individual’s own cells. 
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The great explorers of today aren’t mapping continents, rivers, mountains, cities or 
planets. They’re mapping the genetic code of all living things. As a result, we’re 
beginning to acquire direct and deliberate control over the evolution of all life 
forms on the planet, including ourselves.  
 
Our society and ethical system is ill equipped to address some of the choices and 
dilemmas created by the genomics revolution.  
 
So, where did this come from and why has this all happened so seemingly quickly? 
 
The Human Genome Project  
This all happened because of the Human Genome Project, which commenced in 
1993. The purpose of the HGP was to create a road map to the entire genetic 
script - to identify the genes responsible for 3,000 to 4,000 hereditary diseases. 
Diseases Huntington’s, cystic fibrosis, muscular dystrophy as well as to identify 
the genes suspected to play a part in cancer, heart disease, diabetes, Alzheimer’s 
and many other common diseases. By completing a genetic map, scientists hoped to 
create tools, gene therapies and targeted drugs to act on the cause not just 
symptom of disease. 
 
Now it must be emphasized that what I am describing is an incredibly, incredibly 
complex task. This is a task that is far more complex than finding a needle in a 
haystack because we’re talking about billions and billions of bits of information – 
more than 200 terabytes of new data every year. We’re talking about enough 
information to fill 2000 1000 page phone books every year – a task equivalent to 
sorting and using a million new encyclopedias every year.  
 
To put this into perspective, you could spend an entire life reading a copy of one 
person’s genome, would barely finish much less understand or remember what you 
read. 
 
Because of the complexity of this task, it was initially expected that it would take 
at least until 2020 to 2005 for the 1st 85% draft of the human genome to be 
completed. The first draft to 95% was actually completed on June 26th of 2000, 
with the complete 99.9% draft made public on April 19th, 2003, years ahead of 
schedule. So why did it happen so quickly? The answer of course is Moore’s Law and 
the rest of the exponential trends. 
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In 1983, it took 6 people 3300 days to identify 4000 genetic combinations – that 
was 1.2 per day. Today, because of powerful technologies, it takes 1 person two 
minutes to identify 50,000 genetic combinations – that’s 417 per second. And by 
2009 it will take about twelve minutes to identify 3 billion combinations – that’s 
5,000,000 per second.  
 

 
 
To put this into perspective, 3 billion combinations is the entire human genome of a 
specific individual – that’s the equivalent of 248 1000-page phones and every 
genetic disease you are pre-disposed to in 12 minutes.  

 
Since 1983, the cost of sequencing a single gene has collapsed from $150m in 1983 
to less than $25 today. As a result, genetic data is doubling every 6 months and 
IBM is in the midst of an 8 year plan to move from being a technology company to 
being a life science company, because increasingly they understand that you can’t 
separate information technology and biotechnology (and by the way, what we are 
seeing is just the beginning of the digital-genomics convergence). 
 
Gene cards 
Think about that. Within a few years, your entire genome downloaded to a chip, a 
gene card or the Internet. You will be able to go to a supermarket or drug store 
and buy a kit. You will lick it and in doing so, self-diagnose yourself to colon cancer, 
breast cancer, and Alzheimer’s. You will then go to a genome doctor who is a 
physician who will use the gene card to forecast potential illnesses and prescribe 
preventative drugs custom designed to your DNA. 
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We all know early diagnosis is early detection, so if people will pay $10 to by a little 
blue Viagra pill that Pfizer makes for 7 cents, what do you think you would be 
willing to you pay a cancer pill, for an Alzheimer’s pill, or an epilepsy pill? 
 
And this is all because of the explosion biotech into our lives that changes every 
day. By way of contrast, in the 70’s researchers would make an entire career and 1 
PhD out of uncovering the location of one gene.  
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SOME MORE QUESTIONS 
1. What is the fastest growing field of science today? It’s bioinformatics - 

simply put using computers to statistically predict what biologists will find 
out when they carry out wet lab experiments in a few months, years or 
decades. What this means is that computer technology and simulated, 
experiments are largely replacing painstaking, traditional Petri dish 
research. Bioinformatics involves a deep understanding of molecular biology, 
statistics and computers. Given that bioinformatics is the fastest growing 
field of science, it begs another question.  

2. Are we teaching the sciences based on the unifying principles of these fields 
or are we pretending we are addressing this by teaching things as the same 
isolated subjects called biology, chemistry, physics, and mathematics as they 
have been taught since before the industrial revolution? 

 
And what many people don’t understand is that the biotechnology era will in all 
likelihood be over within 10 years, as these powerful new technologies and 
exponential trends allow us to unravel the mysteries of the genome and the billions 
of proteins from which they are assembled.  
 
It’s time for a reality check 
So let’s stop for a moment and consider where these trends are taking us. In 1967, 
there were 5 very distinct technological applications: telecommunications, 
computers, photography, publishing, and TV/Video. 
 
 

1967

Telecom

TV

Video
Publishing

Photos

Computers
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Early in the 1990s, we began to see a distinct overlap between what were 
previously separate technologies:  
 

1997

Telecom

TV

Video
Publishing

Photos

Computers

 
 
 
As we extrapolate this trend, it’s easy to anticipate where things have gone in the 
early part of this new century:  
 

 
 
In very short order, we have moved from multimedia to monomedia – it’s all zeroes 
and ones as far as the technology is concerned. How they get put together is 
entirely up to the user. This phenomenon is a direct result of Moore’s Law, the Law 
of the Photon the growth of the Internet, the Age of InfoWhelm and technological 
fusion.  
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Consider Memory Storage 
In the 70’s, storage was measured in kilobytes, in 80’s storage was measured in 
megabytes - today storage is measured in gigabytes – soon it will commonly be 
measured in terabytes – and before the end of decade storage will be measured in 
terms of hundreds or thousands of terabytes. 
 
Consider that one of the microchips embedded in talking birthday cards holds more 
processing power than existed on earth in 1950 and that today’s average 
consumers wear more computing power on their wrists than existed in the entire 
world before 1961. Not to mention that most cell phones are more powerful and 
versatile than most computers were even a few years ago. 
 
Consider Miniaturization 
The transistor, which was invented in 1948, was originally 3/16” long and cost $100. 
The price of the transistor plunged from 49.95 in 1954 to $2 in 1959 to .00001 
cent today. Today the transistor is little more than an abstract physical principle 
imprinted innumerable times on narrow slivers of silicon-millions of microscopic 
ripples on a shimmering crystal sea. As Intel’s cofounder Gordon Moore recently 
noted, there are more transistors made every year than raindrops falling on 
California, and producing one costs less than printing a single character in a 
newspaper. 
 
Technological fusion leads quickly to powerful new electronic cybrids. Moore’s Law 
ensures that these devices are quickly being replaced by even more powerful 
devices. One doesn’t need to be a rocket scientist to predict that based on the 
emergence of these cybrids, in a few years such devices will be as common and 
transparent as pencils. However, unlike pencils, these devices will be able to 
communicate effortlessly with all of the other devices that are also out there. 
 
Unfortunately (or perhaps fortunately, depending on your definition of disposable 
income) these devices have not been developed primarily for us, but rather, for our 
children. Such devices are the next natural next step for Digital Natives as they 
move from schools to the workplace.  
 
Since children today were born into it, the current technological paradigm is their 
personal technological paradigm. For them, these devices are merely part of the 
everyday fabric of their lives. It’s our problem if we’re having difficulty 
understanding and embracing this. 
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According to many experts we are nearing the end of the biotechnology age as 
scientist make the shift from the Human Genome project to the Human Proteome 
project. Proteins are the building blocks of the genes. So where is this leading?  
 
In the next few years, we will begin to see a shift from biotechnology to a sixth 
trend as profound as any of those that have been introduced before it. That’s … 
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EXPONENTIAL TREND #6: NANOTECHNOLOGY 
I will try to explain nanotechnology by going off on a bit of a tangent. Let’s talk 
about component stereos. Do you remember way back to the old days? Way, way 
back in the 70’s when you bought component stereos? 
 
What did you buy? You bought an amp, a pre-amp, a tape deck, speakers, and a 
record player (daddy, what’s a record player???). You didn’t have to do that after 
about 1983, because along came the Boom Box, a technological cybrid, which fused 
together what had previously been previously separate devices. And there was an 
unanticipated power that comes with the synergy of previously separate devices.  
 
For example, what’s this? 
 
 
 
 
 
 
 
 
 
 
It’s Apple’s new iPhone. But what is it really. Well it’s a cell phone, it’s an iPod, it’s a 
digital camera, it’s a camcorder, it plays videos, it sends emails and text messages, 
it surfs the web, and it wirelessly transmits music and video to TVs amongst many 
other things. It’s a Trojan Horse. Essentially it’s a computer and more in your 
pocket or the palm of your hand. 
 
This is technological fusion. And because of technological fusion - because of 
Moore’s law, these devices are already doubling in power and at same time getting 
smaller and smaller which means we can now place more and more devices onto 
smaller and smaller piece of electronic real estate.  
 
And it’s miniaturization and convergence that have lead to portability and 
anytime/anywhere technology. Today’s devices will disappear. As chips become 
smaller, electronics will instead be embedded in our environment, woven into our 
clothing, and written directly to our retinas from eyeglasses and contact lenses  
 



Windows on the Future: Thinking About Tomorrow Today  ©2007, The InfoSavvy Group 

  Page 59 of 219 

Already cars can contact the dealership to arrange for repairs before we realize 
there’s a problem. You’ll have a chip in your clothing that will send a message to a 
chip in your washing machine that says, “be gentle”. 
 
Sensor networks will evolve with vastly more machines online than people. Right now 
more than 10 billion embedded micro-controllers are shipped every year. The next 
networking frontier goes beyond desktops, laptops, and palmtops, or cell phones. It 
includes appliances and products talking to one another - a refrigerator talking 
with the grocery store saying send milk, send bread, send chocolate  
 
Radio-frequency identification devices known as RFID tags will connect everything.  
 
 
 
 
 
 
 
 
RFID tags are automatic identification technology that can be attached to or 
incorporated into a product, animal, or person for the purpose of identification 
using radio waves. Chip-based RFID tags contain silicon chips and antennas. Passive 
tags require no internal power source, What this means is that everyone and 
everything can talk to everyone and everything else. Geo-location services will be 
used to locate friends, places, products and events of interest 
  
Why am I telling you all this? Because of this. What is it? 
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It’s the Eniac – the world’s very first digital computer turned on for the very first 
time on Valentine’s Day, 1946 at the University of Pennsylvania in Philadelphia. The 
Eniac was a building based computer – it was the size of a building. It was 2 floors 
high – one floor was just for the cooling system and one floor was just for the 
computer. The Eniac weighed 30 tons (the portable version was 7 tons) – it was 8 ‘ 
high and 100’ long (the length of two tractor trailer trucks put end to end) – it cost 
$750,000 in ‘46 dollars - that’s 300 times as much as the computer that sits on 
your desk today, in constant dollars and your small computer, if bought in the past 
two years, is at least 200,000 times more powerful. The Eniac consumed 160,000 
Watts – when they turned it on the lights of Philadelphia dimmed. It had 5 million 
soldered connections, more than 70,000 resistors, and 6,000 manual switches. To 
program and reprogram the Eniac took a team of 10 people more than two weeks 
flicking the switches. The readout was a bunch of blinking lights.  
 
And at the center of the Eniac were 17,000 vacuum tubes, which kicked off so 
much light that inevitably the Eniac attracted moths. And that’s where the phrase 
“bug report” came from. The moths would flit around often getting fried on the 
tubes or zapped on the wiring. The first technicians positively proved that they 
had solved the computer glitch by taping the offending bug to their logbooks 
beside the entry describing the problem. Below is the world’s very first bug report: 
 
 
 
 
 
 
 
 
 
 
 
The Eniac typically lasted about 7 minutes between breakdowns. But even though 
by our standards today it was clunky, hokey and unreliable, the people at the time 
just couldn’t believe what the Eniac could do. It could do 14 ten-digit calculations 
per second, which was a huge jump forward in computational power. (IBM’s new 
supercomputer, Blue Gene, by contrast does close to a quadrillion). Who could’ve 
imagined that the Eniac would lead to cell phones, Nintendo and other digital 
wonders. So why am I telling you about the Eniac? Because of this!!! 
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This is a prototype chip from Intel - this is microtechnology. This chip is 1/3” by 
1/4” in size. It actually could be made smaller, but as it is you could accidentally 
inhale this chip and not even realize that you had done it. But this chip is 10 million 
times more powerful than the building based Eniac computer from 1946.  
 
Consider what would happen if we were to take one of our middle of the road 
desktop or laptop computers back in time to the Eniac lab on Valentine’s Day, 1946 
and shown them our computers. What would they think? They’d think we were from 
Roswell. They’d think we were the devil. They’d think we were from another 
dimension. Why am I telling you about the Eniac?  
 
Japanese engineers have already produced a car that looks and operates like any 
other car, except that it’s the size of a grain of rice. This is fun but trivial 
compared to what’s coming. Take a look at this!!! 
 
 
 
 
 
 
 
 
 
 
 
What is it? It’s nanotechnology. Not building things down by making them smaller 
but building things up by manipulating particles less than 1/1000th of the width of 
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a human hair by moving one atom at a time as was first done by IBM several years 
ago when they used 35 precisely placed Xenon atoms to spell out IBM logo. By 
manipulating these tiny particles scientists and manufacturers can take advantage 
of magnetic, electronic or optical properties not present at normal size.  
 
Already nanoscience is being used to produce is being used to create stain- and 
wrinkle-resistant clothing, self-cleaning windows, glare-reducing and fog-resistant 
coatings for eyeglasses and windshields, dramatically increased computer memory, 
better sports equipment, improved cosmetics and sunscreens, and lighter, stronger 
auto components. 
 
What's next? The future will bring us more user-friendly cellphones, longer-lasting 
batteries, lighter car tires that retain air longer. 
 
Already nanotechnology is being used to create nano-machines and nano-subs. 
These are microscopic computers, machines, and robots, about the size of a virus, 
which can be swallowed or injected. If you have a clot or arterial clogging they can 
provide microscopic technology to remove the blockages bloodlessly. This will mean 
non-invasive surgeries of neurological systems. The will mean re-programmed 
viruses and bacteria designed to deliver molecular doses of chemotherapy to 
target specific cells allowing us to move from emergency interventions to 
deliberate and personal intervention - think Innerspace with Dennis Quaid or 
Incredible Voyage with Raquel Welch … 
 
In due course, this will lead to implantable diagnostic and treatment devices and 
biosensors and then the creation of self-replicating machines that will reverse 
engineer human processes gone badly. We will have micro-machines coursing 
through our bodies that will inspect, repair and even rebuild replace dysfunctional 
parts of the nervous system. We’ll have brain pacemakers to silence neurons that 
malfunction in neurological disorders like epilepsy, and neural prostheses to replace 
more complicated body systems that have failed.  
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And then we’ll move on to biomaterials laced with protein-based agents, genes or 
stem cell therapies will be used to stimulate and perhaps out-perform the body’s 
natural ability to heal or re-engineer memory tissues that were once thought 
incapable of repair. 
 
Developments such as these hold huge implications for those with Alzheimer’s, 
Parkinson’s, mental retardation, schizophrenia, autism, dyslexia and other language 
disorders. Beyond this nanotechnology holds promise of cures for paralysis and 
just about every other human malady. 
 
And that’s just now. As nanotechnology emerges, Ray Kurzweil tells us that it will 
lead to the power of technology doubling every 6 months.  
 

 
 
And beyond that 
Biomimetrics - taking systems found in nature and using them to design systems and 
modern technology that are synthetic constructs from of nature like natural dirt 
and water-repellent paint constructed from the observation that the surface of the 
Lotus flower is Teflon-like for anything (this is called the lotus effect) – or hulls of 
boats imitating the thick skin of dolphins – or sonar, radar, and medical ultrasound 
imaging imitating the echolocation of bats. 
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Or Velcro, which was created in 1948, when Swiss engineer George de Mestral was 
cleaning his dog of burrs picked up on a walk and figured out how the hooks of the 
burrs clung to the fur. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Or Cochlear implants, artificial neurons, artificial neural networks, neuromorphic 
chips, silicon retina and bionic implants whose wiring is modeled after real neural 
networks that mimic the original function very closely, or even surpassing it in 
performance.  
 
My examination of the current Science curriculum leaves me thinking that almost 
nothing that has been discovered in the past few decades in being taught to 
students. Does the emergence of nanotechnology hold any implications for the 
sciences we teach or how we teach them? 
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AND SO SOME MORE QUESTIONS 
Consider for a moment the trends I have outlined so far – Moore’s Law, Photonics, 
the Internet, InfoWhelm, Biotechnology and Nanotechnology.  

1. Based on these trends, what are some of the ways our world may change in 
the next few years? 

2. What are we doing to prepare our communities, our workers, our schools and 
ourselves for the changes to come?  

3. What things are now evident to you that weren’t apparent when you started 
reading this document?  

4. What do we need to do to begin to prepare out families, our communities and 
ourselves to help them move from where they are to where they need to be 
if they are to effectively deal with the changes these trends will bring? 
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WINDOW II: UNDERSTANDING DIGITAL KIDS 
 
How many of you have children of your own? Don’t be ashamed, you can put 
your hand up. Now how many of you have teenagers? Be assured that each and 
every one of you has our DEEPEST sympathies. 
 
Do you ever catch yourself watching children in performance mode and just 
shaking your head? Do you ever find yourself saying, “What’s going on here? 
What’s up with children today? I wasn’t like that when I was that age. I 
wouldn’t have DARED say or do that. Why are they so different? What could 
possibly be going on in that head? What could they possibly be thinking? 
What’s wrong with this younger generation?”  
 
Hold on! 
At the same time others might say “Hold on, you’re wrong. You’re being much 
too harsh! You need to relax a little. Children are children. They make look 
different. They may sound different. They may act different. But underneath 
it all children are just children. They have the same issues, the same 
insecurities, the same hurt feelings, the same immature ways of looking and 
thinking about things that we did. They’re basically the same way we were when 
we were that age.” 
 
And if you believe this second statement, we want you to know that we totally 
respect your opinion even if you are completely wrong! 
 
Children today are different 
Children today really ARE different! Really different! But not just because 
children today mature years earlier than children did even a couple of 
generations ago. Not just different in terms of the clothes they wear or don’t 
wear; not just because they dye their hair and style it differently than we did; 
not just because their music is incredibly profane, has no rhythm, and is 
utterly incomprehensible (oops sorry for that editorial comment); not just 
because of the way they talk or what they say, or how they act; not just 
because children today seem to have far more body parts than we ever did 
growing up – body parts that they seem to want to pierce, tattoo and expose. 
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Different wiring 
No, what I’m talking about here is that evidence is quickly mounting from 
clinical research that our children’s brains are quickly adapting to 
accommodate all the new technologies with which they spend so much time – 
and that because of digital bombardment, because of the pervasive nature of 
digital experiences in children’s lives today, children today are also different 
neurologically.  
 
They have become screenagers. This is the first generation that has actually 
grown up with a mouse in their hands along with an assumption that that the 
images on the screen are supposed to be manipulated and interacted with - 
that screens aren’t just for passive consumption. As a result of this, they’re 
different in the way their brains are wired. 
 
How do we know this? A great deal of research, in what is called the 
neurosciences, has been undertaken in the past few years. This research is 
validating much of what we suspected from the psychological research, 
particularly the psychological sciences.  
 
The bottom line is that children today are FUNDAMENTALLY different from 
previous generations in the way they think, in the way they access, absorb, 
interpret, process and use information and above all, in the way they view, 
interact and communicate in and with the modern world. And this holds 
profound implications for us both personally as parents and professionally as 
educators.  
 
Let’s examine why this has happened and what it means for us as parents, 
educators and citizens. 
 
Growing up in a different world 
Most of the people reading this article grew up in a different time. I can only 
speak for myself, but for me, it was a time of relative stability. For example 
see how many of these apply to you? 
 
I had TWO parents! And here’s a radical concept. They were my original 
parents. My father worked at the same job for the same company more than 
30 years.  
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My mother stayed home to take care of the family and manage the house so 
she was home when we got back from school. These were very different times 
because just thirty years ago in North America, only one in five families had 
both parents working outside the home.  
 
For me – for most of my generation, life was relatively stable and predictable. 
I can remember literally being able to set my watch by the time my father 
turned the corner and came home from work each evening – it was exactly 5:45 
PM every night.  
 
We all sat down together for dinner – imagine this – for an actual home-cooked 
meal – with the entire family (including my original mother and father) - at the 
same time every night – 6:15 PM every night.  
 
And Sundays were special. It started with church in the morning, followed by 
brunch, then playing outside in the afternoon, Sunday dinner with my family 
and grandparents, followed by Disney, Ed Sullivan and then a bath, whether I 
wanted it or not. 
 
There was an amazing rhythm 
For many of the people of this time and our generation, there was an amazing 
rhythm, and predictability to life. Change was something that happened, but it 
seemed to happen slowly. And it wasn’t just that life was predictable - our lives 
were also much simpler.  
 
When we came home after school, on weekends, and during holidays, we played 
with our friends outside on the street, in the backyard or at the park, often 
until it got dark. 
 
We could do this because our world was relatively safe. Most parents didn’t 
have to worry that something horrible was going to happen to us. Danger didn’t 
seem to be lurking around every corner. This was due, in part, to the fact that 
there was a sense of community. Everyone looked out for everyone else and 
everyone seemed to know everyone else’s business. 
 
And it was outside, on the street, in the back yard, and in the park where we 
learned many of our social skills. We worked in groups to solve problems. By 
turns we lead, we followed, we fought, we reconciled, we negotiated, we 
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planned, we built teams and we learned to get along. And if we fought, it was 
with our fists not weapons. And this all happened face-to-face, if not in-your-
face. 
 
A low-tech world 
Our world was decidedly low-tech. Do you remember Etch-A-Sketch, Mr. 
Potato Head or Slinkies? For me, the ultimate in modern technology was my 3-
speed Schwinn Phantom bike and a transistor radio I hid under my pillow at 
night when I went to bed.  
 
Like most other families, we only had one TV. (Why would anyone ever need 
two?) It was located in the living room. And it was there in the living room 
where we sat together, as a family, watching our shows on the five available 
channels discussing what we saw. And if we wanted to see the latest movie, we 
had to go to a theater or a drive-in.  
 
Imagination 
Back then imagination was essential. We created our own monsters and villains. 
Our stick became a sword. The rock was our horse. We rode our bikes with 
chunks of cardboard clothes-pinned to the frame so we could sound like a 
motorcycle. And we drove our parents parked cars by turning the steering 
wheel while creating our own sound effects.  
 
And because our lives were decidedly low-tech, probably one of the very worst 
things that could ever happen to us back then was to be sent to our room 
because there was ABSOLUTELY nothing to do in there other than to reflect 
on our crimes. Do you remember those days? 
 
Basic communications 
Back then communications were basic. Many of us lived on a telephone party 
line we had to share with several other families. Long distance phone calls were 
expensive and often of poor quality. Letters took days from the time they 
were sent to when they were received and even longer to be responded to. 
Telegrams were only used for important events. As a result, whether it was 
information, goods or communications, we had to learn to wait. We had to learn 
to be patient. 
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Limited information 
Information was limited. We only had a few radio stations and even fewer TV 
channels. World events were something we read or heard about, often long 
after they had taken place. Information was finite because we lived in a largely 
single source world. This was a world that was primarily made up of text and 
paper. Most of our information came from newspapers, magazines, books, 
encyclopedias, and the library. High tech was an 8 mm film, a slide projector, 
or a hi-fi stereo. Multimedia meant it had a diagram or photo. 
 
And almost nothing happened right away. We had to wait for everything, from 
information, to decoder rings, Mickey Mouse Club memberships, and mail order 
purchases. 
 
Doing research 
Back then doing research was a physical act. We went to the library and used 
the Dewey Decimal system to search the card catalog. Then we walked through 
the stacks, hoping we’d find what we were looking for. If we were lucky enough 
to locate the right book, we flipped through it trying to find the information 
we were looking for.  
 
Our primary sources for that information were Funk and Wagnall’s, the 
Webster Dictionary, the Encyclopedia Britannica, the Book of Knowledge, or a 
textbook. This was information that could be committed to paper because our 
world and the information in it didn’t really change very quickly. 
 
The schools of our youth 
The schools of our youth reflected the times we lived in. They were 
predictable and safe. They were orderly and punctual. Having a weapon at 
school meant being caught with a slingshot, cork popgun, or peashooter. 
 
What’s more, schools had authority. Teachers and administrators were 
respected. Some students weren't as smart as others, so they failed a grade 
and were held back to repeat the grade over again. Tests were not adjusted 
for any reason.  
 
School discipline 
Children who misbehaved were dealt with swiftly. Some got detentions while 
others got the strap, the cane or a ruler. Our actions were our own 
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responsibility. Consequences were expected. And the vast majority of parents 
supported the actions of the school.  
 
The idea that our parents would rescue us if we got in trouble in school or 
broke a law was unheard of. But being sent to the principal's office was 
nothing compared to the fate that awaited us when we got home. Parents and 
grandparents were a much bigger threat!  
 
We sat in rows. The teacher talked. We were expected to listen. Most 
information came directly from the teacher or a textbook. The focus was 
primarily on content recall that was tested with fill-in-the-blanks or multiple 
choices. And as we progressed through the system, teachers became content 
specialists. 
 
Communications came through the PA system. Most classrooms didn’t have a 
phone. In many classrooms, the most powerful technology was a piece of chalk 
and a blackboard. It was a big deal to have a film or filmstrip; and it was 
absolutely high-tech for a teacher to have an overhead projector and multi-
colored pens.  
 
We could go on, but you get the idea. But that was the way it was back then, 
and in describing the way things were when we were children, we’ve literally 
examined the tip of the iceberg.  
 
So what about today?  
In more ways than many of us can remember or measure, the world of today is 
a VERY different place than the one we grew up in. It’s a world constantly on 
the move. It’s no longer the stable place we grew up in. In a few short years 
the concept of family has moved from Father Knows Best and Happy Days to 
the Simpsons – from Beaver Cleaver to Beavis & Butthead and the Family Guy. 
 
The changing nature of families 
For example, in North America, during the past 30 years we’ve gone from 10% 
to 28% of families being led by a single parent. Beyond that, we now have 
blended families, inter-racial families, gay and lesbian families, separated by 
divorce, multiplied by divorce or just about any possible combination you can 
imagine. 
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The changing world of living and working 
And the everyday world is different. Our rhythm of life is now dictated as 
much by work schedules as by family needs. In the 1950’s both parents worked 
in only one of five families. And this was typically a five-day workweek. 
Sundays were sacred. Today it’s one in two families where both parents work, 
and it’s a 24 hours a day, 7 days a week, 365 days a year world of work.  
 
In a 24/7/365 world, routines are harder to maintain. Family meals, family 
time, one-on-one time, quiet time, down time, and Sundays are more difficult to 
schedule than ever. As a result, life today has developed a fast food mentality 
both literally and figuratively. 
 
In 68% of American homes, the only parent or both parents work in order to 
make ends meet. According to David Walsh from Media Family, in a week in the 
life of an average school-age child they spend 1/2 hour with dad, 2 1/2 hours 
with Mom, 2.2 hours doing homework, 1/2 hour reading for pleasure and more 
than 25 hours – the equivalent every 7 days of a full time job or week of school 
- watching TV, playing video games, and interacting with digital devices. 
 
As a result of this changing world, parents today spend 40% less time with 
their children than parents did just 30 years ago, and much of that time is 
spent watching TV and movies. The scarcest resource for many families today 
is not time but attention. Consequently, there’s a growing void in children’ lives 
that needs to be filled. 
 
These are subtle changes 
This isn’t an overnight trend. There’s been a steady progression as parents 
have had less time to spend with their children. Technology has filled the 
growing void. It started years ago with the telephone, radio, and TV. It then 
progressed to videos and video games. Now it’s on-line gaming, email, surfing, 
on-line chatting, cell phones, blogging, texting, and a growing host of other 
digital experiences. 
 
Today, a growing percentage of children come home from school to no one, 
because either both parents or their only parent are at work. Consequently, 
many children are literally left to their own devices. But for a number reasons, 
including safety concerns, instead of playing on the street or at the park, many 
children now stay inside watching TV or videos, listening to music, playing 
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videogames, chatting on Instant Messenger, blogging, talking on the phone and 
surfing the Web.  
 
Gadgets as babysitter 
In this 24/7 world, these new digital gizmos have become the babysitter, the 
constant companions, and best friends for many of this generation’s children. 
These devices are increasingly where today’s digital generation finds their role 
models and learn their social skills. Their rooms are filled with people, 
relationships, interactions and adventures that come through their computers, 
phones, and video games. As a result, this generation is equally as comfortable 
with virtual, screen-to-screen relationships as they are with face-to-face 
relationships.  
 
Contrast our experiences with theirs 
So while for our generation, the worst thing that could have happened was to 
be sent to our rooms, many children today are completely comfortable nesting 
in their digital cocoons. 
 
Today’s high-tech world 
And today’s world is decidedly more high-tech than our world was. According to 
a Pew Internet study, eighty-two percent of American children play video 
games on a regular basis - an average of 8.2 hours a week - and over 70% of 
dollars spent by children and teenagers on toys are spent on electronic games.  
 
Today’s children have access to and take for granted having access to 
computers, remote controls, the Internet, email, pagers, cell phones, MP3 
players, CDs, DVDs, video games, Palm Pilots and digital cameras. These are 
tools and toys with capabilities that would have been unimaginable when we 
were children and even 10 years ago for that matter. And for the Millennium 
generation, there’s never been a time where these digital wonders haven’t 
existed - they haven’t just adopted digital media – increasingly they’ve 
internalized them and take it completely for granted. 
 
A different world 
Let’s be clear that this is a fundamentally different environment than the one 
that our generations grew up in. It’s a 600-channel TV universe. It’s a 10,000 
station radio universe accessible online. It’s a 100,000,000,000 plus page 
Internet. 
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Children today take for granted that they can view world events as they occur 
- as TV mini-series that unfolds before their very eyes. They see history in 
the making. They watch the collapse of the World Trade Center building, the 
war in Iraq, the Sumatran tsunami, the eruption of an Indonesian volcano, or a 
hurricane in the American south, in real time even when many of these events 
are happening halfway around the world. Consequently, for them the notion of 
time and distance, which meant so much to us, means very little. 
 
Twitch speed 
This generation operates at what Marc Prensky describes as twitch speed. 
Children accept as normal that they should have instantaneous access to 
information, goods and services at the click of a mouse. They expect to be able 
to communicate with anyone or anything at anytime, anywhere day or night.  
 
Such everyday expectations have led to the death of patience and the 
emergence of a society increasingly expecting, wanting and demanding instant 
gratification. This is one of the reasons why it’s harder and harder to get 
children to read today. Reading is a delayed gratification medium while TV, 
video games and the Web are immediate gratification media. 
 
For example, I recently heard my son Kyler bitterly complain that it had taken 
him 20 minutes to register for his Spring courses at college, which he was 
doing ONLINE from his bedroom!!!!  
 
Anyone remember the good old days? Anyone remember the huge lineups and 
hours long wait to register for university courses? Remember finally getting to 
the front of the line only to find that the courses you wanted were closed! 
 
The emergence of the Web 
Such assumptions and expectations about instantaneous access are the result 
of a massive shift of information and services to the Web. Today, from a 
desktop, from a laptop, from a handheld device, or a cell phone, children have 
instantaneous access to literally every library, every art gallery, and every 
museum in the world. And more relevant for these children, they also have 
access to friends, games, music, movies, shopping, cheat sheets, and tens of 
thousands of online sites specifically design to attract the Instant Messenger 
generation. 
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An MTV mindset 
Because they’ve grown up with not just text-based information, but also 
images, sounds, color and video presented as a single entity, this generation has 
developed an MTV mindset. For them, this isn’t multimedia. For them, as David 
Thornburg suggests, it’s monomedia – it’s all just digital 0’s and 1’s and 
delivered by a single device. How they’re assembled and viewed is entirely up to 
the viewer/user.  
 
And is you think that Sesame Street had an effect on how kids thought, you 
can imagine what different effect exposure to MTV, the Internet and video 
games is having.  
 
A visual world 
This digital generation is completely comfortable with the visual bombardment 
of simultaneous images, text and sounds because for them, such experiences 
provide relevant and compelling experiences that can convey more information 
in a few seconds than can be communicated by reading an entire book. 
 
Moreover, these new media are not just designed for passive viewing because 
increasingly, passive viewing just doesn’t cut it. This generation no longer wants 
just to be the audience; they want to be the actors. They expect, want, and 
need interactive information, interactive resources, interactive 
communications, and relevant, real life experiences – which helps explain at 
least in part the rise in popularity of reality-based shows like Survivor and 
Fear Factor. 
 
A global trend 
It’s absolutely critical to stress that this trend does not just apply to those 
who have access to the latest digital media or the Internet. It even applies to 
the technological have-nots, the disadvantaged children on the other side of 
the so-called digital divide, who still have access to video games, cell phones, 
pagers, MP3 players and a multitude of other digital gadgets. In fact, this 
trend isn’t just unique to North American children, but pervasive around the 
world, for most children, regardless of socio-economics, culture, race or 
religion. 
 
For example, I recently took the picture below in the 300-year old Arab 
market in Singapore. For someone who has never experienced the Arab market, 
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it’s hard to describe the overwhelming sensory experience – the sights, the 
sounds, and the smells of the street are absolutely overwhelming. According to 
the locals, other than electricity and automobiles, the scene is very little 
different than it would have been three centuries ago.  
 
This picture is of an 11-year-old girl, who is sitting on a bolt of cloth patiently 
waiting while her mother barters for fabric. In her hand is a palm-sized 
wireless device she’s using to surf the Web. 
 
 
 
 
 
 
 
 
 
 
 
So what’s the point? 
What’s becoming abundantly clear is that this new digital generation is very 
different from our generation when we were growing up. Not just a little 
different but FUNDAMENTALLY different. They crave access to tools that 
let them network with their peers or anyone or anything else they choose to 
interact with. And for them, it’s second nature to multitask. They expect, 
want, and need tools that provide hyperlinks and instantaneous random access 
that allow them to connect everyone and everything to everyone and 
everything else simultaneously for instant gratification. 
 
They can be doing their homework, talking on the phone, listening to music, 
downloading movies, surfing the Web, and maintaining multiple simultaneous 
conversations on a chat line. And they’re still bored. Comparing these 
experiences to our experiences growing up, these activities have increasingly 
become their replacement for what we did on the street, the park, and back 
yard.  
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Where do they get their values? 
Increasingly, today’s children’s values are not and will not be inculcated by the 
family, the church or other institutions in either the present or the future. 
They are and will continue to be developed by the electronic and visual media 
that they are exposed to. This is where they will learn many of their social 
skills as they’ve become increasingly immersed in the new digital landscape. 
 
Going back in time 
Make no mistake about it. If we could use a time machine to bring children and 
teenagers forward from the 60’s, 70’s or even 80’s and immerse them in the 
world of today, they would find it to be a dizzying if not overwhelming 
experience. The digital environment in which they are now growing up has 
shaped today’s children. They use digital technology transparently, without 
thinking about it, without marveling at it, without wondering about how it 
works.  
 
Digital natives 
This is the first generation that has ever mastered a multitude of tools 
essential to society before the older generations have. Because of constant 
exposure to digital devices – because of chronic digital bombardment – this 
generation has grown up in a new digital landscape – digital is their language of 
choice - their native tongue.  
 
They are DFL. The speak Digital as a First Language. It’s the language they 
were born into and feel most comfortable speaking. They are, as Marc Prensky 
describes them, Digital Natives who have grown up in the new digital landscape. 
For this generation, there’s never been a time when computers, the Web, cell 
phones, and all of the other digital wonders haven’t existed.  
 
What about us? 
But most of the people reading this article and most educators grew up in the 
60s, 70s and 80s. In much the same way that children today have been shaped 
by their world, we were shaped by the predominantly text-based, simpler, 
predictable, relatively stable, low-tech world we grew up in. 
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The new digital divide 
As Prensky points out, most people from our generation and our parents’ 
generations are not Digital Natives. We don’t speak digital as a first language. 
We were not born into the new digital landscape. 
 
As Prensky writes, we’re Digital Immigrants - don’t consider this to be a 
negative term - because we come from the old country. We come from the non-
digital world. We come from a time and place before digital technology 
changed almost everything. And as a result, we have old country traditions & 
assumptions about the world.  
 
We speak DSL – digital as a second language. We speak, hear and think digital 
with an accent. Like all immigrants some of us are better than others at 
adapting to the ways of the new country, but like all immigrants, we retain 
some degree of our accent from the old country. The thicker the accent, the 
harder it is to understand and adapt to the new digital landscape. We struggle 
as we apply old thinking to new ways of doing things, new technologies, new 
software and new mindsets. And the thicker our accent, the harder it is to be 
understood by the Digital Natives. 
 
You know you’re DSL when you talk about dialing a number; when you need a 
manual or course to learn new software; when you use the Internet for 
information second rather than first; when you phone people to tell them about 
a Web site; when you print out your email to read it; or print out a report to 
edit it. 
 
Living and working in a digital world 
You couldn’t live or work in another country unless you resided there and 
learned the language, customs, and culture. In much the same way, to operate 
today in the new digital landscape, to live, work and communicate effectively, 
we need more than superficial understanding of this digital landscape. We need 
a deep understanding of the language, customs, culture and learning styles of 
our children. 
 
If we don’t, when students walk into class at and listen their teachers speaking 
to them, they instantly hear their teachers’ digital accent, and for many of 
them, there’s an immediate disconnect.  
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Consciously or unconsciously, they sense that many of their teachers aren’t a 
part of, not in synch with, and probably don’t understand the world the Digital 
Natives live in. 
 
Digital Immigrants 
As Digital Immigrants, many of our generation, particularly in the over-30’s 
group, are distracted and disoriented by multiple, simultaneous, information 
sources and random access. We try to use old mindsets to do new things. We 
need to read a manual, take a course, watch a video, or talk face-to-face like 
we did in the park so many years ago. And while we may use the digital tools, 
they’re not always intuitive and their use does not always come naturally. 
 
Digital natives learn differently 
Digital natives on the other hand, pick up new devices and start experimenting 
with them right away. They assume the inherent design of the devices will 
teach them how to use a new gadget intuitively. This is because the digital 
native has adopted a mindset of rapid-fire trial and error learning. They’re not 
afraid of making mistakes because they learn more quickly that way. They use 
devices experientially, and have no problems getting help online. 
 
Digital Immigrants don’t understand this  
But many Digital Immigrants just can’t conceive how anyone can learn like this. 
So by the time a digital immigrant has read the table of contents of a manual, 
the digital native has already figured out 15 things that will work and 15 things 
that won’t. While the digital immigrant is afraid they’ll break the device, the 
digital native knows they can just hit the reset button and do it all over again. 
In fact, for many Digital Natives , they see the world as one great big reset 
button. 
 
Digital immigrants focus on and try to apply the skills learned in another time. 
And as Steven Johnson points out in “Everything Bad is Good For You”, we 
often don’t appreciate the skill development of Digital Natives skills that 
children have honed to perfection with years of trial and error practice. For 
example, how many of you have ever played a video game with a teenager and 
got absolutely beaten? 
 
What some Digital Immigrants can’t appreciate is that the reason children 
don’t have the same skills and literacies as we do is that there has been a 
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profound shift in the kind of skills used and needed to operate in the digital 
world. The reason their skill development is different is because their focus is 
different. They’re developing skills in OTHER areas than we did - skills like 
game playing, on-line searching, and on-line messaging - and they do all of this 
simultaneously. 
 
We just don’t get it 
We fail to understand, let alone esteem or value the skill development Digital 
Natives do have. Instead we complain about the skill development they don’t 
have. Because digital isn’t our native language and because we’re immigrants to 
their world, we unconsciously look down our noses at children who act 
differently. Digital children have a completely new and different set of skills 
than the ones we have and value. 
 
We tend to unconsciously assume that their skills not as good and they’re not 
as literate as we are because they don’t seem to value or prioritize our 
literacies. So, instead of embracing the new, instead of recognizing that the 
world has changed, that it’s a new digital world, many Digital Immigrants 
complain and remain attached to the old and talk about how much better it was 
in the old country. 
 
 
What we’ve learned in the past few years 
Because of this constant digital bombardment, because of the new digital 
landscape, and the pervasive nature of digital experiences, children today are 
growing up digital. And because they have grown up digital, new research is 
inferring that because of this pervasive digital bombardment - because of the 
emergence of the new digital landscape the brains of the digital generation 
have and continue to change physically and chemically – that our children and 
are actually neurologically wired differently than our generation is. That they 
have developed what we call hypertext minds - that their cognitive structures 
process information in a parallel manner, not sequential like ours. 
 
And even though we don’t yet fully understand the incredibly complex 
processes involved in thinking and learning, it’s important that we take a closer 
look at what we have recently learned.  
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First, consider that even today, we know more about outer space than we do 
about inner space. For example, even though the human brain is only 2% body 
weight, it uses 20 percent of the energy consumed, For what this energy is 
used, we’re still not. Further, research tells us that we come into the world 
with about 50% of the brain wiring in place to handle critical functions, the 
other 50% happens after birth.  
 
Growing up a digital immigrant 
We know from both from the research and from personal experience that 
learning a first language or even a second language comes easiest to us during 
our first five years of life. However, for most of us, as we get older, learning a 
second language becomes increasingly difficult. It’s not that we can’t learn 
other languages, but when we do, we tend to have more of an accent and often 
have problems learning one or more aspects of the new language. Learning a 
language later in life is just not as easy as learning one early on.  
 
Let’s use this observation as an analogy for what’s going on with our children in 
the new digital landscape from the perspective of their internalization of the 
digital language.  
 
Children really are different 
Recently, these were two recent cover stories in Time Magazine: 

 
 
 
 
 
 
 
 
 
 

Their conclusion was that children today are different. In fact, based on what 
we now know from the neurosciences and psychological sciences, what we’re 
now beginning to understand is that children today are FUNDAMENTALLY 
different than we are in the way they think, in the way they access, absorb, 
interpret, process and use information, and in the way they view, interact, and 
communicate in the modern world because of their experiences with digital 
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technologies. If this is the case, it holds profound implications for all of us 
personally and professionally. Let’s examine what we know. 
 
Conventional wisdom 
For the longest time, most neuroscientists believed that different areas of 
the brain were “hard-wired” shortly after birth to handle different aspects of 
brain function. Conventional thinking was that by the age of 3, the brain was 
stable. That from that point on, the brain really did not change. That by the 
age of 3 we had a fixed number of brain cells, which then started to die off 
one by one with no appreciable new cell growth.  
 
As a result, the longstanding assumption has been that we all had fixed 
memory, fixed processing power, fixed intelligence. That you were essentially 
stuck with what you were born with. And this was believed to be the case for 
all brains regardless of race, culture, or experiences. The assumption was that 
we all thought in basically the same way because we all used the same neural 
pathways or neural electronic circuitry to process and utilize information.  
 
What we have learned 
But certain cognitive changes, such as recovery from brain injury or stroke, 
demonstrate that the brain has the capability to change itself given the right 
conditions. Over the past 20 years, because of a number of major scientific 
and technological breakthroughs many of these long standing assumptions have 
been shown to be completely wrong. 
 
New scanning techniques combined with neuroscience and neurobiological 
research have demonstrated in one brain area after another and in system 
after system, that on the contrary, the brain is actually highly adaptive (or 
“plastic”) and remains malleable throughout – and that the old idea that we all 
have a fixed number of brain cells has been replaced by research showing that 
our supply of brain cells is continually being replenished - that the brain is 
constantly reorganizing itself structurally throughout life based on two critical 
factors. First is the input or experiences we have – and secondly, the intensity 
and duration of those experiences. 
 
We know this happens because the research tells us that neural circuits are 
constantly being strengthened or weakened based on the intensity and duration 
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of the inputs. Brain cells and their circuits operate on a use-it-or-lose-it, 
survival-of-the-fittest principle.  
 
What this means 
What it means in laymen’s terms is that you can change memory capacity; that 
you can change neural processing power; and that you can re-grow neurons and 
change neural circuitry throughout your life. And as a result, that the 
intelligence we’re born with isn’t fixed. That IQ rises and falls depending on 
the type and duration of stimulation to which our brains are exposed, which in 
itself holds enormous implications ranging from, at one end, being able to 
enhance cognitive performance, to at the other end being able to arresting or 
reverse neural disorders. 
 
Neuroplasticity 
This process of ongoing reorganization and restructuring of the brain in 
response to intensive inputs and constant stimulation where the neurons are 
constantly rearranging themselves, making new connections, and pruning 
unnecessary neurons to speed and reroute the flow of thought is called is 
called neuroplasticity - literally that the brain is plastic.  
 
So contrary to longstanding assumptions, the brain literally restructures neural 
pathways on an ongoing basis throughout our lives. It makes new cells, creates 
new connections, sets up new circuitry, and, as a result, constantly creates new 
thinking patterns.  
 
There have been a number of new books written on neuroplasticity and digital 
children. I’ve included an extensive bibliography in this handout, but in 
particular I would recommend Everything Bad is Good For You by Steven 
Johnson.  
 
Johnson says that complex games and new technologies are already educating 
our kids before and after school and he asserts that our children arrive in the 
classroom with a completely different set of cognitive skills and habits than 
past generations had and that their devices have become extensions of 
themselves, indispensable social and learning accessories. 
 
Johnson argues that gaming isn’t just for slackers. That gaming and much of 
today’s TV offerings can be mentally enriching - that they sharpen thinking, 
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hone social skills, and fine tunes perception. Further, he asserts that the plots 
of today's video games, movies & TV challenge young viewers to think like 
grown-ups, follow intricate narratives & analyze complex social network - far 
more complex than the narratives we experienced when we were growing up – 
and that these activities are an exercise for the mind the way physical activity 
exercises the body. 
 
As a result Johnson suggests that the way gamers explore virtual worlds 
mirrors the way the brain processes multiple but interconnected streams of 
information in the real world and he suggests that this generation of learners 
has become very sophisticated thinkers who amongst other things, have 
learned to take risks without being reckless, have learned to deal with failure, 
are confident, motivated, and expect a lot of themselves—in areas they care 
about. These are the minds of children growing up in non-linear, light and 
sound-based culture. 
 
The problem is that the many skills that digital bombardment has enhanced 
such as parallel processing, graphics awareness, and random access, which are 
sophisticated and valuable thinking skills that have profound implications for 
learning, are almost totally ignored by educators and are not generally 
measured by the current school system, No Child Left Untested, or the tests 
that we use to measure achievement. 
 
As a result, Digital Natives, who are accustomed to the twitch-speed, 
multitasking, random-access, graphics-first, active, connected, fun, fantasy, 
quick-payoff world of their video games, MTV, and Internet are incredibly 
bored by most of today’s education. 
 
In the past few years there has been increasing concern expressed about 
Digital Natives fascination with multitasking - attending to several things at 
once. Digital Natives are completely comfortable with the sense of "highway 
hypnosis"--the ability to drive or multitask with little memory of the process 
of getting there. 
 
Human beings have always had a capacity to multitask. Mothers have done it 
since the hunter-gatherer era - picking berries while suckling an infant, 
stirring the pot with one eye on the toddler. Nor is electronic multitasking 
entirely new: we've been driving while listening to car radios since they became 
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popular in the 1930s. But there is no doubt that the phenomenon has reached a 
kind of warp speed in the era of Web-enabled computers, when it has become 
routine to conduct six Instant Messenger conversations, watch American Idol 
on TV and Google the names of last season's finalists all at once.  
 
That level of multiprocessing and interpersonal connectivity is now so 
commonplace that it's easy to forget how quickly it came about. Fifteen years 
ago, most home computers weren't even linked to the Internet. Any number of 
dire predictions has been made about the long-term effect of multitasking on 
Digital Natives neural processes. 
 
This is not surprising. Ever since the time of Socrates, parents have had 
trouble dealing with their children – it’s not that they’re deficient, it’s that 
they’re different. Every generation of adults sees new technology, the new 
thinking behind it, and the social changes it stirs - as a threat to the rightful 
order of things:  
 
Plato warned (correctly) that reading would be the downfall of oral tradition 
and memory. And ever since then, every generation of teenagers has embraced 
the freedoms and possibilities wrought by new technologies in ways that shock 
the elders and break away from the way that things have traditionally done. 
 
Because most adults (including the critics) can't play the modern complex 
games themselves (and discount the opinions of the kids who do play them) 
they rely on secondhand sources of information, most of which are sadly 
misinformed about both the putative harm and the true benefits of game-
playing because how kids now communicate, how kids read, how kids choose to 
interact with information and others doesn’t conform with our traditional 
definition of literacy. 
 
Another related book is Daniel Pink’s “A Whole New Mind”. Pink says that we 
live in linear logical left to right top to bottom beginning to end left-brain 
society - this is and long has been the mindset behind education. Pink states 
that the role of the right side of the brain, which handles pattern analysis, big 
picture thinking, intuition and the like, has long been undervalued, 
underappreciated & misunderstood in our left-brained society. But what Pink 
says is that almost anything that involves left-brained thinking can be 
automated, turned into software or outsourced - and that if our children our 
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going to use both hemispheres together – using the Whole New Mind. 
 
Qualifying this 
The caution here is brains don’t just change spontaneously. For the brain to 
become neuroplastic requires that there be intensive, sustained, progressively 
challenging stimulation and focus that happens over extended periods of time. 
What we’re talking about here is several hours a day, 7 days a week.  
 
For example, learning to read and write requires our brains to be 
reprogrammed over extended periods of time. What we’re talking about here is 
several hours a day, 7 days a week.  
 
In the same way, watching TV for extended periods of time reprograms our 
brains. But again, this requires several hours a day, 7 days a week. 
 
Does several hours a day, 7 days a week remind you of anything else happening 
in our children’s lives today?  
 
This is increasingly what’s been happening to digital children’ brains several 
hours a day, seven days a week since the arrival of Pong in 1974, followed 
quickly thereafter by SuperPong, Donkey Kong, PacMan, SimCity, Space 
Invaders. And now it’s Madden Football, Grand Theft Auto, Tony Hawk, 
SimCity, and arcade games. and now solo games, which were the norm in the 
period before computers became networked, have mostly been supplanted by  
 
And now solo games, which were the norm in the period before computers 
became networked, have mostly been supplanted by Massively Multiplayer 
Online Role Playing Games (MMORPG) like EverQuest, World of Warcraft, 
Runescape, Maple Story & all the rest. 
 
Millions people globally pay to play in three dimensional game worlds - and it’s 
not unusual for several MILLION people to be online at the same time playing 
the same game simultaneously working collaboratively or competing against one 
another. These experiences are digital bombardment  
 
And this is exactly what’s been happening to digital kids brains, several hours a 
day, several days a week. Many children have spent their entire lives 
surrounded by and using computers, videogames, DVD players, cell phones, 
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iPods and a never ending list of inexpensive digital wonders. In a recent study 
undertaken by Jupiter Research, it was estimated that half of all 4- to 6-year-
old children and ¾ of teenagers play video games - on hand-held devices, 
computers or consoles several hours a day, several times a week. 
 
What we need to do is stop here and consider the implications of this constant 
exposure to digital devices and digital experiences. 
 
The brain is like a tree. First there’s a flurry of growth - the tree grows extra 
branches, twigs and roots. Then the unused branches or pathways are pruned 
away. And it’s this pruning that gives the tree its shape for the future.  
 
This is what exactly what is meant by "Use it or lose it" - the cells and 
connections that are redundant or seldom used are pruned away - they wither 
and die. 
And by the way, it’s this pruning and NOT hormones that make teens act 
strangely. 
 
As new neuronal connections form during the early part of childhood, heavily 
used pathways become coated or insulated by myelin, a fatty insulating sheath 
that speeds signal transmission. Myelin boosts signal transmission speeds in the 
brain more than 13 times. This is a jump in speed analogous to switching your 
Internet connection from dial-up to broadband.  
 
Myelinated circuits also transmit 30 times more information per second, giving 
them not only greater speed but also greater bandwidth. So if a student is only 
doing music or sports or academics, those are the cells and neural pathways 
that will become hard-wired and insulated.  
 
However, if that same student is lying on the couch or playing video games or 
watching TV, those are the cells and connections that are going to flourish. 
The most useful connections develop into a neural network as a result of 
regular exposure, or if the connections are not useful they're pruned away.  
 
As a result, today even amongst our youngest children, a multitude of 
inexpensive digital devices and gadgets that facilitate hypertext, interactivity, 
networking, random access & multitasking – this digital bombardment is 
literally wiring and then rewiring kids’ brains on an ongoing basis, and 
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particularly enhancing visual memory and visual processing skills. And as a 
result of these digital experiences what researchers are now beginning to 
conclude is that our students, our children are processing the very same 
information we process differently than we do.  
 
How do we know this? We know this because of the Human Brain Project. 
 
The Human Brain Project 
Which has been ongoing for several years now at universities around the world. 
During that time, a new field of study called neuroinformatics has emerged.  
 
Neuroinformatics involves the digital analysis of brain processes by means of 
neural scanning and imaging using the incredible number-crunching power of 
computers and our growing understanding of the chemistry and biology of the 
brain.  
 
For the first time, using powerful brain scanners and imaging techniques, 
including functional Magnetic Resonance Imaging (fMRIs), Positron Emission 
Tomography (PET) scans, and OT (Optical Topography), we can now get inside 
the black box and examine the functions of normal and impaired living brains 
non-invasively while they are involved in various cognitive tasks.  
 
With these technologies, researchers can digitally view and analyze a living 
brain’s processing patterns at the molecular level in real time and 3D to 
determine what parts of the brain and what specific neural circuitry are being 
used during specific mental processes.  
 
These technologies allow researchers to be able to pinpoint to within a few 
millimeters the parts of the brain that "light up" or turn on when people view 
vivid colors, or react to pictures of calorie-rich desserts, stare at pictures of 
fearful faces – even something as simple as move a finger, feel sad, add 2 plus 
2, or do specific tasks. This developments are helping researchers understand 
how different areas interact to handle even the simplest of tasks.  
 
And as a result of these developments, we’ve learned more about how the brain 
operates in the last few years than we did in the previous 100 years.  
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The cover article of a recent issue of Scientific American Mind is titled The 
Teen Brain. In this article there are some photographs of people of different 
generations doing specific mental tasks. What the article and the research say 
is that if you were to take a digital electronic scan of our parents’ brains doing 
a specific mental process and compare it to a digital electronic scan of ours 
doing the same mental process, we would quickly see that we use SLIGHTLY 
different neural pathways to process, retain and use the same information 
than our parents.  
 
But in the same way, if we were to take a digital electronic scan of our brains 
doing a specific mental process and compare them to those of digital children’ 
brains doing the same process, we would find that they use significantly 
different neural pathways to take in, process and store the same information 
we do. We see this particularly in the area at the back of the brain known as 
the visual cortex.  
 
Consider that the average video game takes about 40 hours to play, the 
complexity of the puzzles and objectives growing steadily over time as the 
game progresses. A study by the University of Rochester found that visual 
processing dramatically increases with as little of 10 hours of gameplay.  
 
According to a recent 3M study, if you were to present 100 photographs to 
people of different generations, Digital Natives , those who have grown up in 
this new digital landscape, would be able to recall about 90% of the images. 
People of our generations, the Digital Immigrants , would be able to recall only 
about 60% of those same images. And people from our parents’ generations, 
the ones affectionately know as the Digital Dinosaurs who grew up in a 
primarily audio and text-based world would only be able to recall about 10% of 
those same images. 
 
Further, research from 3M says that the eye processes and interprets images 
60,000 times faster than it does words. This is because the brain is much more 
suited to processing visual information than anything else. The reason is 
because nerve cells devoted to visual processing account for about 30% of the 
brain’s cortex, compared to only 8% for touch and 3% for hearing. 
 
It’s completely natural that today’s students might be far more inclined toward 
visual processing than text processing. Do you think that this might hold any 
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implications for the way they learn most effectively? Further this study says 
that because Digital Natives think graphically, the eyes of Digital Natives 
move differently than the eyes of Digital Immigrants when they reading 
materials.  
 
The eyes of older generations unconsciously find intersection about 1/3 of the 
way down the page and 1/3 of the way in from the left side - the Greeks called 
this intersection the Golden Mean - and then we read in what’s called a Z 
curve. A complex Z curve if there’s lots of information, and a simple Z curve if 
there’s only a small amount of information. 
 
But research tells us that the eyes of Digital Natives first skim the bottom 
and edges before they focus on the top left center of the page. Unless they 
are highly motivated Digital Natives typically tend to unconsciously ignore the 
right side and bottom half of the page.  
 
And while Digital Immigrants typically find it distracting to read text of 
different colors, specific colors attract and repel Digital Natives when they’re 
reading. Blood red draws their attention first, followed by neon green and 
burnt orange are skimmed - and unless highly motivated, black is ignored 
completely. Do you think this finding might have any implications for strategies 
we might want to develop to teaching of reading? 
 
Both of these findings become even more significant because according to 
respected writer Eric Jensen and others, at least 87% of students in any given 
classroom are NOT auditory or text-based learners. Increasingly, because of 
digital bombardment, because they think graphically, because they’ve grown up 
in the new digital landscape, they’re either visual or visual kinesthetic learners.  
 
They’re visual kinesthetic not because they’re trying to drive us crazy, but 
because they’ve grown up that way in the new digital landscape. They’re Digital 
Natives wired for multimedia.  
 
Yet as Jensen points out, despite this knowledge, at least 85% of the questions 
on test and state exams continue to be based primarily on text. 
 
According to Prensky, by the time they’re 21, digital kids will have played more 
than 10,000 hours of video games, sent and received 250,000 emails and 
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text/instant messages, spent 10,000 hours talking on phones, watched more 
than 20,000 hours TV and 500,000 commercials. Almost none of these are 
experiences our parents or we had while we were growing up.  
 
Because, as Prensky also points out, at the same time these digital kids will 
have spent less than 9,000 hours attending school - less than 4000 hours 
reading books - and much of that is spent unengaged or under-engaged.  
 
Do you think these experiences, do you think this digital bombardment might 
have any impact on the way they think - on the way they learn – on the way the 
view the world? 
  
Many of the recent findings from the neurosciences validate what we already 
knew from psychological sciences. Things such as social learning theories, the 
need for context and relevance, the need to make connections to older 
learning, high challenge, low –threat environments and so on.  
 
However, some of the research has also exposed some widely held assumptions, 
myths, and simplistic beliefs about learning that can impede learning or that 
are just plain wrong – things such as gender stereotyping, left-and right-brain 
learning, enriched environments in early childhood, fixed intelligence, IQ as 
the measure of all intelligence, that all learner learn in the same way and or 
that memory fades as we age.  
 
And it doesn’t stop there. We all process information in slightly different 
ways, but with the experiences and stimulation our children have been exposed 
to, the research is telling us that Digital Natives are using different parts of 
the brain to process information differently than Digital Immigrants. And by 
the way, we’re beginning to see an accelerated gap between the younger 
generations – between teenagers, tweenagers, and younger children. 
 
Understanding this research helps explain, at least in part, why children are 
different – why they act the way they do – why they view the world the way 
they do. And it also helps to explain some of the fundamental differences 
between their generations and ours.  
 
Despite the fact that there are more than 40 years of solid research on how 
learners learn best, of how the brain function, of what instructional models are 
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most effective, this research has not been widely accepted or integrated into 
most classrooms to better help today’s learners and their learning and 
communication preferences. Nor is it reflected in many of the assumptions 
that are the foundations of public education today. Let’s examine these 
statements in a little more depth. 
 
Beware of Snake-Oil Salesmen Selling “Mind-Based Education”  
These days there’s considerable hype being generated around recent 
neuroscientific findings. Interpretation of these findings have led to the 
emergence of so-called “brain-based education” models which have become 
fashionable in many schools and districts throughout North America.  
 
The reason for the hype is in part due to the fact that neuroscience is viewed 
in some quarters as being far more exciting and sexier than the considerable 
body of well-established, long-term psychological research. Brain-based 
education is held up in some quarters as a research-based panacea to many of 
the ills that beset education.  
Excuse me while I rant for a moment, but talking about brain-based education 
makes just about as much sense as talking about leg-based walking or mouth-
based eating! What else should education be, if not brain-based? How about 
shoulder-based learning? How else do we become educated, if not by using our 
brains?  
 
It’s important to carefully examine the research base of the many so-called 
“brain-based” educational packages and training being offered to educators. A 
number of these packages are built on hype, myths and misconceptions that 
reinforce deeply held erroneous educational beliefs and assumptions about 
learning. Others are simply psychological research-based sheep seductively 
dressed up in neuroscientific wolves’ clothing.  
 
Gullible, solution-seeking educators and policy-makers desperate for 
immediate, measurable results buy into such products because research can be 
twisted around to explain, justify and conversely discredit just about anything. 
This despite the fact that the hype often is based on isolated or limited 
research findings that have been glamorized misinterpreted or misrepresented 
by overzealous publishers and the media. 
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There’s no need for you become a psychological or neurological-expert 
complete with all the jargon and details of the brain and mind at your 
fingertips. However, it is important that you have a basic understanding of how 
learning actually does occur to in order to ensure that instructional practices 
are based on well-researched solid theories of learning. You may feel 
overwhelmed by the research and worry that you’re being sold a bill of goods? 
If you keep the following advice in mind, you won’t go far wrong: 

 
By itself, brain research cannot be used to support particular 
instructional practices. It can, however, be used to support particular 
psychological theories of learning, which in turn can be used to design 
more effective forms of instruction.  

James Byrnes, 2000, p. 185  
 
What’s the point? 
Because of this constant digital bombardment what we now as educators must 
begin to acknowledge is that digital kids process information differently using 
different parts of the brain than people of our generations do.  
 
And by the way, we’re also beginning to see an accelerated gap between the 
brains of the younger generations - between the brains of teenagers, 
tweenagers and younger children. 
 
Because Digital Natives look pretty much the same on the outside, it’s really 
hard for us to comprehend how much change is really taking place. 
 
Now if you understand even a little bit what I’ve just written, this might help 
explain at least in part in part why kids act differently, why they respond the 
way they do, why they view the world the way they do - and this might help at 
least in part to explain some of the fundamental differences between their 
generations & ours. 
 
Yet sadly - and this is what makes me mad as hell - almost nothing of what 
we’ve learned about how our brains and minds function is being applied in the 
classroom today.  
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How we can use current research 
What current brain research used in conjunction with psychological research 
does allow us to do is to make inferences and gain understanding as to why and 
how our children’ experiences with the digital landscape are impacting their 
brains and minds so we can make good educational decisions.  
 
The bottom line is, if we can’t connect with as our children and build 
relationships with them by understanding their learning and communication 
practices, and applying this understanding to classroom practices, no amount of 
energy, money or mandates will increase student achievement or address the 
challenges of state standards or No Child Left Behind.  
 
What implications does all this hold for schools?  
It’s long been known that talking and teaching AT students is NOT effective. 
You may have heard the saying: 
 
I HEAR and I FORGET 
I SEE and I REMEMBER 
I DO and I UNDERSTAND 
 
We now understand that for information to be internalized and retained, it 
must be moved from our short-term or working memory to our permanent 
memory. For information to be retained, four things must consistently take 
happen.  
 
Making connections 
First, the new information must connect to something the learner already 
knows & has already made meaning of; or a connection has to be made on the 
spot. Unless a connection is made, new content only stays in working memory 
for a few seconds.  
 
This underpins the difference between rote learning and meaningful learning. 
If it’s not meaningful to the learner, even if it is relevant to the teacher, the 
brain will quickly discard it. According to Eric Jensen, we discard 98% of 
everything that comes into the brain.  
 
For example, have you ever been introduced to someone and INSTANTLY 
forgotten their name? Or have you ever given students a test on something 



Windows on the Future: Thinking About Tomorrow Today  ©2007, The InfoSavvy Group 

  Page 95 of 219 

and they do really well. And then given them the same test days or weeks 
later…and it’s as if they’ve never heard of the material before. This is the 
difference between rote learning and meaningful learning. Meaningful learning 
sticks. 
 
Previous knowledge and experience 
Secondly, previous knowledge and previous experience determine not only 
WHAT learners will learn, but also HOW, WHEN, WHERE, WHY and most 
importantly IF they’ll learn. Consider for a moment the child of a colleague – 
let’s call him Nils. 
 
Nils is a typical teenager, 16 going on 30. He’s bright, affable, articulate, an 
exceptional reader and fantastic musician – but he’s also a chronic C-/D 
student and he’s particularly terrible with Math. When you point out to him the 
inherent contradiction between what he does in his personal life and his 
shortcomings in school, he’ll tell you that the reason why is that schoolwork 
just doesn’t interest him (you probably don’t know a kid like this???!!!) 
 
One night Nils comes to me about 10 PM and asks me if I’d like to play some 
mini-golf. My response was that I’d love to, but it’s late so the local mini-golf 
place was probably closed.  
 
He looked at me shaking his head and then said: “Oh, you’re such a last century 
thinker.” 
 
He proceeds to take me out to an on-line mini-golf web site where all of the 
shots are based on understanding of geometric theory. He’s sitting there 
explaining the difference between right angles, complementary angles, 
adjacent angles, and supplementary angles and proceeds to apply theoretical 
geometry to a real life mini-golf task and proceeds to whip me. 
 
For Nils, for the 87% of learners in our classrooms who are visual or visual 
kinesthetic learners, it’s not enough to memorize math formulas; they need to 
see how the formulas work – how they’re applied in life. 
 
This is EXACTLY what Howard Gardner has been talking about for years with 
respect to multiple intelligences and learning styles. And what’s more Gardner 
writes something that’s very important. He says that learning is personal. It’s 
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all about the relevance of the learning to the learner not the relevance of the 
learning to the teacher. And if it’s not relevant to the learner, even if it is 
relevant to the teacher, it will quickly be discarded. 
 
Differentiated learning opportunities 
Thirdly, learners have to be given repeated, differentiated learning 
opportunities, distributed over extended periods of time. If kids don’t get it 
when concepts are first introduced to them, we can’t just start talking slower 
and louder.  
How do you get better at anything? How did you get better at driving a car, 
playing a sport, or knitting? By practicing it!  
 
What this means is that children need lots of practice and exposure to the 
materials in different ways, and from different contexts, and perspectives. 
Learning just doesn’t stick the first time, so you have to provide repeated and 
differentiated experiences allowing time & context for the ideas to be 
internalized.  
 
Feedback and reinforcement 
Finally, students must be provided with consistent feedback and have their 
efforts regularly & meaningfully reinforced. According to a videogame 
developer I talked to recently, games are designed so that players need to 
make decisions every 1 second, and they are positively reinforced or rewarded 
every 7 to 12 seconds. 
 
Let’s contrast that with how often students are positively reinforced in the 
classroom and this may explain why some kids are waiting for the Internet or 
video game version of school to come out so they don’t have to come anymore. 
 
Inadequate vs. quality reinforcement 
To be clear, this feedback and reinforcement goes well beyond a pat on the 
back, clapping your hands together, giving a thumbs-up or telling someone they 
did a good job. In fact, if the student knows that they are not doing their best 
work, and the teacher says “way to go, good job” etc. it can have a negative 
effect on student learning. The kind of feedback that has the highest effect 
size on student learning would sound something like this: 
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You’ve done a really good job of organizing your notes here in small 
chunks so it’s easier to read and to refer back to. I particularly like the 
way you sequenced this part here with this part here - now here’s 
another idea to help you remember - try underlining a key word in each 
chunk or drawing a picture that will help you remember the key ideas or 
concepts.  

…  
Quality reinforcement always tells children what they’re doing right and 
provides suggestions for improvements. 
 
According to the research, if these 4 things are consistently done, a 
measurable improvement in student learning will take place. 
 
The Impact of Media and Technology in Learning  
This is absolutely reinforced by a nifty little study undertaken a few years 
back in Michigan entitled The Impact of Media and Technology in Learning that 
was prepared for the Bertelsmann Foundation. Briefly, two groups of students 
taught the civil war curriculum. One by traditional lecture means, the other 
using computers and other multimedia tools. At the end of the study, students 
in the hypermedia group and a control group of students who had studied the 
Civil War via traditional classroom methods during the same period of time 
were given an identical teacher-constructed test of knowledge. No significant 
test differences were found in the scores between the two groups. 
 
However, a year later, when an independent interviewer unconnected with the 
previous year’s work interviewed the students in the design and control groups, 
significant differences were found. Students in the control group could recall 
almost nothing about the historical content, whereas students in the design 
group displayed elaborate concepts and ideas that they had extended to other 
areas of history. 
 
Most importantly, although students in the control group defined history as 
"the record of the facts of the past," students in the design class defined 
history as "a process of interpreting the past from different perspectives." In 
short, the "design approach lead to knowledge that was richer, better 
connected, and more applicable to subsequent learning and events." The entire 
document can be read at: 
http://www.athensacademy.org/instruct/media_tech/reeves0.html 



Windows on the Future: Thinking About Tomorrow Today  ©2007, The InfoSavvy Group 

  Page 98 of 219 

Let’s pause for a moment 
In summary, for effective learning to take place, for test scores to go up, for 
learning beyond the test to occur, four things must be consistently addressed.  
 
First, the new material must have meaning for the learner. That’s the context 
of the experience. 
 
Secondly, the teacher needs to understand what knowledge and previous 
experiences students are bringing into the classroom. That’s the relevance of 
the experience. 
 
Third, students must be provided with repeated opportunities to practice and 
use what they’ve learned. That’s differentiated practice 
 
And finally, students must be provided with regular & meaningful feedback & 
reinforcement.  
 
Without these four techniques being consistently used, students will not be 
able to retain or use new information. 
 
Velcro learning 
Learning is based on making connections that relate the new to the familiar - 
nothing makes sense unless it connects to something within us. Learning is like 
Velcro. An unfiltered fact taught in isolation is not a complete fastener. Only 
one side of learning is made up of facts; the other consists of stories, ideas 
and images. 
 
Effective learners make a series of attachments or relationships between 
their existing knowledge base and new information. Novice learners often just 
try to remember facts in lists. We all know this is a common strategy for 
students preparing for quizzes & tests.  
 
Information that doesn’t have a context, interest, relevance or reinforcement 
is like having only one side of Velcro, it just doesn’t stick. Most of the 
information is gone in a matter of seconds. 
 
True learning can only occur when the brain can create meaning or relevance by 
establishing a Velcro connection – through making relevant connections 
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between past experiences and new information. When the two are combined, 
long-term learning sticks powerfully to the student just like Velcro.  
 
Dale’s Learning Cone 
And this is dramatically supported by Edgar Dale’s Learning Cone, also known in 
other studies as the learning pyramid and the learning triangle: 
 

 
 
What their research tells us is that on average we recall: 
• less than 10% of the content of what we read,  
• about 20% of what we hear, like from a lecture 
• 20 to 30% of content simultaneously using two or more media, like looking 

at pictures or watching a movie  
• about 30% of lessons involving demonstration 
• about 50% of content that includes interactive discussions & watching 

demonstration 
• 65-80%% of content that involves practice by doing like participating in a 

discussion or giving a talk  
• and about 90% that involves the teaching of a concept to others as well as 

the immediate application of learning within the context of a real time, real 
world task or a simulation of that task 
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All of this operates on a continuum from passive receiving of information and 
traditional learning with a primary focus on LOTS (lower order thinking skills) 
to active participation and engagement with information, and a focus on HOTS 
(higher order thinking skills).  
 
Standardized tests for non-standardized brains 
In the face of this research, we need to acknowledge that we’re continuing to 
use standardized, traditional tests to measure increasingly non-standardized 
brains. We’re literally trying to fit round pegs into square holes, and square 
pegs into round holes. 
 
It’s easy for us to be critical of the next generation. Every generation since 
the time of Plato and Socrates including our parents’ generation has looked at 
the next generation including our generation and said “what’s wrong with those 
kids?” 
 
There is a widely held generational perception that our civilization is doomed if 
the actions and behaviors of our younger generations are allowed to continue. 
 
The vast majority of Ritalin and Adderall given to schoolchildren is to treat an 
alleged disease called ADHD (Attention Deficit Hyperactivity Disorder). 
Children who suffer from ADHD are said to be inattentive, impulsive, and 
hyperactive. They often get bored easily in class, squirm in their seats, are 
always on the go, or don't get along with other students or the teacher. While 
there are legitimate cases of ADHD, given the different world that Digital 
Natives grow up in, many children diagnosed with ADHD may simply be normal 
kids, full of energy, and bored out of their minds sitting in mind-numbing, 
public-school classrooms. 
 
They're hyper not because their brains don't work right, but because they 
spend most of the day waiting for slower students to catch up with them. 
These students are bored to tears, and people who are bored fidget, wiggle, 
scratch, stretch, and (especially if they are boys) start looking for ways to get 
into trouble. 
 
It’s not that students have ADD or ADHD - it’s not that they’re brain deficient or 
neurologically defective - it’s that they’re different - it’s that they’re just not 
interested, not listening and increasingly tuning us out. Their attention spans aren’t 
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short for games or music, or anything else that actually interests them - they just 
have short attention spans for old ways of teaching and learning - it’s not about 
being anaesthetized, it’s about being engaged. 
 
What do we see in schools today? Do schools reflect the dramatic societal. 
technological & informational changes of the past 10 years? Do our schools 
reflect the realities of the changing world as it is?  
 
Or do they reflect us - our generation’s past - our values - our thinking - our 
perspectives - our experiences - our assumptions, our comfort zone? 
 
Do our instructional practices align with the issues raised by this research? Do 
they align with the issues raised by this paper or is there a fundamental 
dissonance between what is and what should be? 
 
Just like 50 years ago many students still sit primarily in rows - for many, the 
oral tradition continues - many teachers still believe that chalk and talk is the 
most effective way to teach - many students are still expected to learn 
primarily by listening - most information still comes from the teacher or 
textbook - the primary focus in the classroom remains on content recall that is 
taught in isolation from the learning context.  
 
We have access to some new technologies but their use is generally optional 
not integral and certainly not required of all teachers - and the technologies 
are often used to reinforce old practices and assumptions about teaching and 
learning and assessment and do not require the teacher to change their 
current instructional practices. 
  
As a result it’s increasingly apparent that there is a fundamental disconnect 
between the way most kids think, learn, and communicate - and the way schools 
interact with them. And this is reflected in the data shows the seriousness of 
the disconnect between the real world of high-school student & the real world 
of schools. 
 
According to the NCES Condition of Education report, report, 6% of white 
kids, 29% of African American and 24% of Hispanic kids are at-risk. Now, 
think of the exponential, the quantum impact of these numbers on our society 
and economy - unless we address all of the needs of all of these children.  
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Beyond this, children’s view of the relevancy of their school experience to 
their future lives has declined steadily and dramatically since the late 1980s. 
According to their research 28% of 12th-grade high school students believe 
that school work is meaningful; only 21% believe that their courses are 
interesting; and a mere 39% believe that school work will have any bearing on 
their success in later life.  
 
And these statistics are even more shocking when you realize that these are 
only the opinions of those students who have remained in high school for four 
years. Students who find the high school experience the least relevant have 
already exited the system in huge numbers.  
 
The Carnegie Institute reports that in the largest 32 urban districts in our 
country, only 50% of students who enroll actually graduate. Each day, 2000 
U.S. high school students drop out. If their voices were included in the above 
poll, the profile would be far worse 
we have to realize that today’s digital kids enter the first grade. 
 
I’m going to stop right here for a moment to stress this point. It’s absolutely 
essential that we understand that enter school able to do and understand so 
many complex things, but if you REALLY talk to them, they will tell you that 
the curriculum they are given feels to them like they are being put in a strait 
jacket; or that their mind is being laced with powerful sedatives - and that 
every time they go to school they have to mentally power down. 
 
The sad truth is that many educators just don’t understand how truly 
different digital natives are. They’re not just a little different they’re 
completely different 
and as far as I’m concerned the major problem is that today’s learners. 
 
Today’s learners – Digital Natives - are not the learners our schools were 
originally designed for - and today’s learners are not the students teachers 
were trained to teach – this is a clash of the cultures. As Bill Gates once said, 
even when schools work exactly as they were designed, that can’t teach our 
kids everything they need to know.  
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Consider for a moment that today 50% of the world’s population is under the 
age of 25 years old. Then consider what percent of classroom teachers are 
under the age of 25. Maybe we need to stop and consider whether this might 
be part of the problem we are facing. 
 
And if we continue to do things that we already know aren’t working, we really 
have to consider just who really has the learning problem - and it certainly isn’t 
the kids.  
 
Consider for a moment that that 50% of the world’s population is under the 
age of 25 years old - then consider what % of teachers are under 25 or what 
percentage of people in this room are under 25? And because we don’t get it, a 
lot of kids think they have to slow down when they’re dealing with us. 
 
The bottom line is, that if we want understanding, if we want retention, if we 
want success on state and national exams, if we want to address and exceed 
the mandates state, provincial or national curriculum, if we want children to 
demonstrate proficiency beyond content recall, we can’t just lecture at them.  
 
LOTS vs. HOTS 
The emphasis in the classroom can’t just be on simple data information recall, 
low level thinking skills, and lots of information – what we call LOTS (lower 
order thinking skills and LOTS of information).  
 
If we want our children to be successful on the test, if we want them to be 
successful in life, our emphasis as professional educators has to be on more 
than just LOTS.  
 
It has to include more emphasis placed upon HOTS, higher order thinking skills 
and processes, on Bloom’s Taxonomy of Higher Order Thinking, on critical 
thinking, problem solving, project and process based learning, Gardner’s 
analysis of multiple intelligences, de Bono, 21st Century literacies that move 
beyond theory to the application of what is learned, metacognitive skills, and 
application of best practices based on an emerging understanding about how 
learning actually takes place.  
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The starting point for making the necessary changes is that as educators we 
have to understand how truly different our students are. This shift is so 
fundamental, the gap between them and us is so wide that there’s no going 
back to the basics - back to the way things were when we were kids. The 
problem is that many educators just don’t get that there is a digital divide - 
many of us pay lip service to the notion that this generation is different - we 
knowingly nod our heads but then we shut the door and go back to business as 
usual - and it could just as easily be 1960 all over again. We really don’t 
understand their digital world and we never will until we take the time to honor 
and respect where they come from but to honor their world and to create new 
schools and new opportunities for learners, we the adults need to have a 21st 
century cultural awareness. And we need to use the very 21st century skills 
that we talk about our students having  
 
Most teachers know very little if anything about the digital world of their 
students - from online gaming to their means of exchanging, sharing, meeting, 
evaluating, coordinating, programming, searching, customizing, and socializing. 
 
As Daniel Pink writes in A Whole New Mind: Moving From the Information Age 
to the Conceptual Age by Daniel Pink, there is an emerging world where critical 
thinking, problem solving, and a deep level of information fluency is increasingly 
more important than content recall by itself.  
 
Research tells us that people who grow up in different cultures don’t just think 
about different things, they actually think differently. As educators we have 
to understand how truly different our students are. In the past most of the 
changes we experienced were about style.  
 
As we grew up, we saw incremental changes in clothing, language use, body 
adornments, music, and lifestyle. But for anyone 25 and younger, the changes 
and differences go far deeper than just style and they are largely driven, by 
the arrival & rapid dissemination of digital technology in the last decades of 
the 20th century. 
 
The bottom line is that we really don’t understand their digital world and we 
never will until we take the time to honor and respect where they come from. 
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But to do this we have to be willing to acknowledge their world and start to 
educate ourselves about that world.  
 
Consider for just a moment the profound differences between our world 
growing up and their world growing up. For example, consider the major 
technologies of our times. They were: 
movies 
records 
tape recorders 
television 
telegrams 
radio 
telephone 
camera 
projector 
filmstrips… 
 
Now consider for a moment, some of the technologies available to Digital 
Natives today. They include: 
TV 
computers 
TIVO 
PDAs 
video 
video mixing 
movies 
web movies 
streaming video 
Bluetooth 
iPods 
GPS 
Wi-fi 
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digital cameras 
cell phones 
PS2s 
Xbox 
IM 
video mashing 
Blackberry 
Skype 
WWW 
blogs 
wikis 
satellite radio 
email 
MTV 
cable 
CDs 
DVDs 
fax 
pen drives 
books 
video games 
podcasts 
vpodcasts 
iPhones… 
 
So how do we start to connect with the Digital Generation? 
If you want to understand digital natives - if you want a snapshot into their 
world and their head - there are a few things you can do. First go out on line 
and read the adventures of teenager Jeremy and his long suffering digital 
immigrant parents in the cartoon strip Zits; play videogames with them even if 
they do kick our butts; take the time to explore their online world; take a look 
at what Digital Natives are doing with video at YouTube; take a look at MTV’s 
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The N and learn about the latest trend called vomenting - visual commenting – 
where Digital Natives add commentary to video via text blurbs or audio clips; 
write a Wiki; download and then create a podcast or a vpodcast; create a blog; 
learn how to use Instant Messenger; communicate using Skype; play a massively 
multiplayer online role playing game like Everquest, World of Warcraft, or 
Maplestory; create an avatar and live virtually at 2nd Life; become a 
thumbster; open a MySpace or a Facebook account… 
 
And if you have no idea what I’ve just been writing about for the past few 
minutes, you have just demonstrated the true digital divide and confirmed your 
digital immigrant status. 
 
This digital divide is much less about have and have-nots or the know and the 
know nots and much more about a generational divide - a culture clash between 
their generations and ours. And it’s time for us all to roll up our sleeves and get 
started - we’ve got lots of work to do 
 
Now it’s really easy at a time like this to say this is all very interesting, but it 
really doesn’t apply here – it really doesn’t apply to our kids - that this is an 
urban phenomenon – and as I wrote earlier, I totally respect your opinion even 
if you are COMPLETELY WRONG. Remember that denial is not just a river in 
Egypt. I have traveled to some of the richest and the poorest countries in this 
world and I see what I’ve described here everywhere I go. 
  
In a world where information and resources are instantly available if we are to 
truly understand what’s going on we need to watch them, talk to them, listen to 
them, challenge them and more than anything else, respect them, and honor 
their world. 
 
Our job as teachers and parents is not to make this a matter of either or – 
either our world or theirs. Rather our job is to be a counterbalancing influence 
in their lives - to help them understand the world from many different 
perspectives. And if we are willing to do this - if we are willing to acknowledge 
their world, - we will set them free. And in doing so, we will be able to leverage 
their digital lifestyle and help them become better, more engaged, more 
independent learners. 
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Ask yourself this very important question - would your students be there in 
your classrooms if they didn’t have to be? Are they there because they want 
to be there? Or are they there because they have no other choice? And if 
they’re there only because they have to, what can we begin to do differently to 
help more students want to be in our classes? 
 
If we want to unfold the full intellectual and creative genius of all of our 
children more of the time. If we want to prepare our children for the world 
that awaits them. If we want to help them prepare for their future, not our 
past - for their future, not our comfort zone. If we are going to march 
through the 21st Century and maintain our tradition of success. If we want our 
children to have the relevant 21st century skills - we must create a bridge 
between their world and ours because the way we define our schools today, the 
way we define teaching and learning and assessment, will define our societies 
tomorrow 
 
The problem is that when we are asked to reconsider how we teach and think 
about education, we are not being asked just to change a few behaviors or 
habits like saving money, stopping smoking or losing weight. How difficult is it 
to break a small bad habit? The answer is that it’s REALLY hard! 
 
What we are being asked to reconsider here is much more – we’re being asked 
to reconsider the most fundamental parts of our life experiences and habits of 
mind.  
 
You don’t do this by throwing out everything you have ever done as a student 
or as a teacher - that’s not what I’m saying. 
 
The great business writer and thinker Tom Peters once wrote: 
 

You can’t leap a canyon in two bounds. You either leap in on the first 
bound or you’re going down…  

 
Inevitably we try to do too much too quickly – we try to lose 30 pounds of ugly 
fat in 30 days when it’s taken us years to get that way - and inevitably, we fail. 
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This isn’t about you abandoning your long time practice as teachers - and this is 
certainly not about creating some far-out vision for learning in the future. But 
at the same time, this is not about continuing to fixate on the world of 
yesterday. Rather, it’s about understanding that the world has changed - that 
students have changed and therefore that schools must change. 
 
On one hand we need to honor the successful tradition of schools. While at the 
same time we need to acknowledge that the world has changed and changed 
children – and that it will continue to change. As a result we also have to 
acknowledge the different abilities and learning preferences of Digital 
Natives. 
 
What I’m asking you to do is to consider what I have said here today - and 
then consider how you can change one activity in a lesson, one lesson in a unit, 
one unit in a term - to take baby steps 
 
What we must acknowledge 
If we truly want to make a difference in the lives of our children, schools must 
become a place where students are actively engaged in constructing their own 
knowledge and know how, develop an understanding and the ability to apply key 
content concepts and ideas, explore dynamically, discover, pose questions and 
question answers, solve problems, engage in complex tasks that enable them to 
address essential questions and participate in the processes that make up 
intellectual accomplishment, tasks that are generally inquiry driven, span 
different media, link different disciplines, have more than one right answer, 
multiple routes to each of these answers, an understandable purpose and a 
connection to the real world outside school. 
 
The context of a significant event provides a frame of reference and 
relevance for remembering the specific information about what you were doing 
long after the event. By providing a context for the new information teachers 
are actually helping students with long-term memory. The power of context to 
assist with learning is worthy of note for teachers who are struggling to 
prepare students for large standardized tests. By providing a context for the 
information teachers are actually helping students learn the material so their 
short-term recall will be better when they write the test as well as with long-
term recall. 
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The starting point is to understand how much differently they learn from the 
way we learn and then to reconsider what we can do to modify what we teach 
and how we teach it and how we assess learning. 
 
Let’s summarize once more what writers like Steven Johnson, Marc Prensky, 
Daniel Pink, and others say about the learning styles of digital learners: 
 

The Gap Between Digital Learners & Traditional Teachers 
  Digital Learners prefer: Many educators prefer: 
receiving info quickly from multiple 
multimedia sources. 

slow & controlled release of info from 
limited sources. 

parallel processing & multi-tasking. singular processing & single or limited 
tasking. 

processing pictures, sounds color, 
& video before text 

to provide text before pictures, 
sounds & video 

random access to hyper-linked 
multimedia information 

to provide info linearly, logically & 
sequentially. 

to network simultaneously with 
many others 

students to work independently 
before they network & interact 

to learn “just-in-time” to teach “just-in-case” 
instant gratification & immediate 
rewards 

deferred gratification & delayed 
rewards 

learning that’s relevant, active, 
instantly useful & fun 

feel compelled to teach to the 
curriculum guide & tests 

 
1.  Digital Learners prefer receiving info quickly from multiple multimedia 

sources. Many educators prefer slow and controlled release of info 
from limited sources. 

  
Today’s generations operate at twitch speed due to constant exposure to 
video games, hypertext, and all of the other experiences that reflect an 
increasingly digital world together with an expectation that they will have 
access to this world. As a result, Digital Learners have had far more 
experience at processing information quickly than we do, and they’re better 
at dealing with high-speed information. To coin a phrase from the movie Top 
Gun, Digital Learners have “a need for speed,” but many teachers only feel 
comfortable processing information at conventional speed. As a result, 
after spending hours of their lives playing video games, using digital devices 
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and wandering around in virtual worlds, many Digital Learners literally run 
into a wall when they come to school and are forced to slow it down or dumb 
it down in order to function. 
 
 Educators can foster negotiation skills when they bring together groups 
from diverse backgrounds and provide them with resources and processes 
that insure careful listening and deeper communication.  
 
Sample Activities 
• Researchers at Stanford University’s Center for Deliberative 

Democracy (Fishkin & Lushkin, 2004) have been experimenting with new 
forms of civic engagement that depend on bringing people together from 
multiple backgrounds, exposing them to a broad array of perspectives, 
encouraging them to closely examine underlying claims and the evidence 
to support them, and creating a context in which they can learn from one 
another. Their initial reports suggest that this process generates 
powerful new perspectives on complex public policy issues, which gain the 
support of all parties involved. For some participants, the process 
strengthens their commitment to core beliefs and values. For others, it 
creates a context in which they are more open to alternative points of 
view and are able to find middle-ground positions. The project’s focus on 
the process of deliberation - and not simply on the outcome—represents 
a useful model to incorporate into the class- room. Rather than having 
traditional pro-con debates that depend on a fixed and adversarial 
relationship between participants, schools should focus more attention 
on group deliberation and decision-making processes and on mechanisms 
that ensure that all parties listen and learn from one another’s 
arguments.  

• The Culturaproject, developed by Furstenberg (2004), links students in 
classrooms in North America and France. In the first phases, they are 
asked to complete a series of sentences (“A good parent is someone 
who... ”), address a series of questions (“What do you do if you see a 
mother strike a child in the grocery store?”), and define a range of core 
terms and concepts (“individualism”). The French students write in 
French, the American students in English, allowing both classes to 
practice their language skills and understand the links between linguistic 
and cultural practices. Students are then asked to compare the 
different ways that people living in different parts of the world 
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responded to these questions, seeking insights into differences in values 
and lifestyles. For example, individualism in France is seen as a vice, 
equated with selfishness, whereas for Americans, individualism is seen 
as a virtue, closely linked with freedom. These interpretations unfold in 
online forums where students from both countries can respond to and 
critique attempts to characterize their attitudes. As the process 
continues, students are encouraged to upload their own media texts, 
which capture important aspects of their everyday lives, artifacts they 
believe speak to the larger cultural questions at the center of their 
discussions. In this way, they learn to see themselves and one another 
more clearly, and they come away with a greater appreciation of cultural 
difference.  

• Rev. Denis Haak of the Ransom Fellowship has developed a series of 
probing questions and exercises intended to help Christians work 
through their responses to popular culture (Jenkins, 2006). Rejecting a 
culture war rhetoric based on sharp divisions, these exercises are 
intended to help Christians to identify and preserve their own values 
even as they come to understand “what non-believers believe. ”The 
Discernment movement sees discussing popular culture as a means of 
making sense of competing and contradictory value systems that 
interact in contemporary society. For this process to work, the program 
encourages participants to learn how to “disagree agreeably, ”how to 
stake out competing positions without personalizing the conflict.  

• Schools historically have used the adversarial process of formal debate 
to encourage students to do research, construct arguments, and 
mobilize evidence. Yet, there is a danger that this process forces 
students to adopt fixed and opposing positions on complex problems. One 
might instead adopt a deliberative process in the classroom that 
encourages collaboration and discussion across different positions, and 
thus creates a context for opposing parties to learn from one another 
and reformulate their positions accordingly.  

• Sites such as Wikipedia and Wikinews include a tab labeled “discussion” 
above each article or news entry. Here readers can view or participate in 
an online discussion with people of different viewpoints to arrive at a 
neutral point-of-view framing of the issue to be displayed on the main 
page. 
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2. Digital Learners prefer parallel processing and multi-tasking. Many 
educators prefer singular processing and single or limited tasking. 
 
From the earliest times we’ve always been able to multitask. This is called 
continuous partial attention and involves randomly toggling between tasks 
deciding which one to do next. For example, we can be driving in the car, 
listening to music, checking the rearview mirror, talking on a cell phone and 
thinking about things you have to do. But now in our increasingly digital 
world, this stuff happens faster.  
 
I can personally remember my parents coming into my bedroom and telling 
me to turn off the radio because I was supposed to be studying. I 
remember being told by teachers that the best way to study was to isolate 
myself from the television, the tape player, and the busy sidewalks outside 
the window. I was told to clear a nice study corner, with a comfy chair, good 
lighting, and ample workspace.  
 
Contrast that with the ways things are today. Just walk into a Digital 
Native’s bedroom today. They will be sitting at a computer, doing their 
homework, watching American Idol, listening to music, burning a CD, 
searching for something online, while simultaneously managing 14 instant 
messenger conversations…and they’re still bored. In fact, many students 
will tell you that doing this all at the same time helps them concentrate. 
 
Sample Activities 
• Prior to a lesson, the teacher prepares a list of relevant links that 

reinforce or extend the points being made in the lesson; or a teacher 
aide blogs in real time in response to the lesson, identifying relevant 
links to illustrate and enhance the content being discussed. Students are 
challenged to use these related resources as they listen to the lesson 
and engage in classroom discussion, supporting their comments and 
opinions with specific examples and quotations from relevant links.  

• The online game cybernations.net is a simulation game that helps players 
learn the idiosyncrasies of nation-building and international diplomacy, 
and breaks down player actions into specific choices that the player can 
make at their own pace. Players are encouraged to keep a browser 
window open so they can regularly check in for updates from their nation 
throughout the day while they are working on other tasks and activities, 
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rather than only playing the game during dedicated play time. Homework 
assignments in the form of online games could be designed in a similar 
manner to facilitate patterns of multitasking. 
 
 

3. Digital Learners prefer processing pictures, sounds color, and video 
before text. Many educators prefer to provide text before pictures, 
sounds, color and video. 
 
For generations, graphics were generally illustrations, accompanying the 
text and providing some kind of clarification to a concept. For Digital 
Natives , the relationship is almost completely reversed. The role of text is 
to provide more detail to something that was first experienced as an image. 
 
Since childhood, the digital generation has been continuously exposed to 
television, videos, and computer games that put colorful, high-quality, highly 
expressive graphics in front of them with little or no accompanying text. 
The result of this experience has been to considerably sharpen their visual 
abilities. They find it much more natural than our generation to begin with 
visuals, and to mix text and graphics in richly meaningful and personal ways. 
That’s why we need to go from the 3R’s to the 4R’s. From a primary focus 
on reading, writing, and ‘rithmetic to a focus on reading, writing, ‘rithmetic 
and art. Digital learners need to be able to communicate as effectively 
graphically as we were educated to communicate with text. And visual 
literacy – actually visual fluency – needs to be embedded into every subject 
and every grade level. And be the responsibility of ever teacher from 
Kindergarten to Post Secondary. 
 
Sample Activities 
• The MIT Comparative Media Studies Program hosts a workshop each 

year, asking students to work in teams to think through what would be 
involved in transforming an existing media property (a book, film, 
television series, or comic book) into a video or computer game and then 
preparing a “pitch” presentation for their game: beginning with a pre-
existing property allows students to get started quickly and more or less 
on equal footing given that they are able to build on a text they have in 
common as readers rather than one created by an individual student 
author; the process of identifying core properties of the original work 
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teaches students important skills at narrative and formal analysis while 
the development of an alternative version of the story in another 
medium emphasizes the creative expansion of the original content.  

• The crew of Public Radio International’s program, Sound & Spirit, has 
encouraged students in greater Boston to develop scripts and record 
radio broadcasts that involve critical commentary of existing songs to 
explore a common theme or topic. They have found that this process of 
sampling and remixing music motivates youth to think more deeply about 
the sounds they hear around them and motivates them to approach 
school-related topics from a fresh perspective.  

• Artist and filmmaker Juan Devis (Jenkins, 2006b) has been working with 
the University of Southern California Film School, the Institute for 
Media Literacy, and the Los Angeles Leadership Academy on a project 
with minority youth. The youth will develop an online game based on Mark 
Twain’s Huckleberry Finn. Devis drew a number of strong parallels 
between the experiences of minority youth in Los Angeles and the world 
depicted in Twain’s novel - including parallels between “crews” of taggers 
and the gang of youth that surround Huck and Tom, the use of slang as a 
means of separating themselves from their parents’ culture, the complex 
experience of race in a society undergoing social transitions, and the 
sense of mobility and “escape” from adult supervision.  

• Ricardo Pitts-Wiley (the artistic director of Mixed Magic Theatre, has 
been working with students from Pawtucket, Rhode Island, high schools 
to develop what he calls his “urban Moby Dick” project. Students worked 
closely with mentors - artists, law enforcement officers, business 
leaders, from the local community - to explore Herman Melville’s classic 
novel together. Through a process of reading, discussion, improvisation, 
and writing, they are scripting and staging a modern version of the 
classic whaling story, one that acknowledges the realities of 
contemporary urban America. In their version, the “Great White” turns 
out not to be a whale but the international drug cartel. Ish and Quay are 
two members of Ahab’s posse as he goes after the vicious force that 
took his leg and killed his wife. Through re-imagining and reworking 
Melville’s story, they come to a deeper understanding of the 
relationships between the characters and of some of the core themes 
about male bonding and obsession that run through the book.  

• Renee Hobbs, a 20-year veteran of the media literacy movement, 
recently launched a new website - My Pop Studio - that encourages 
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young middle- school and early high school aged girls to reflect more 
deeply about some of the media they consume - pop music, reality 
television, celebrity magazines - by stepping into the roles of media 
producers. The site offers a range of engaging activities, including 
designing an animated pop star and scripting their next sensation, 
reediting footage for a reality television show, and designing the layout 
for a teen magazine. They are asked to reflect on the messages the 
media offers on what it is like to be a teen girl in America today and to 
think about the economic factors shaping the culture that has become 
so much a part of their everyday interactions with their friends.  

• Students in literature classes are asked to take a familiar fairy tale, 
myth, or legend and identify how this story has been retold across 
different media, different historical periods, and different national 
contexts. Students search for recurring elements as well as signs of the 
changes that occur as the story are retold in a new context.  

• French language students in New York recreate characters from various 
French literary works in the best-selling video game The Sims  

• Students then tell new stories by playing out the interactions between 
different characters inside the game world. Characters are projected 
onto a screen in front of the class for students to do live performances 
with their characters. see http://www.mylenecatel.com  

• An exercise developed by MIT’s New Media Literacies (Jenkins, 2006b) 
asks students to tell the same story across a range of different media. 
For example, they script dialogue using instant messenger; they 
storyboard using PowerPoint and images appropriated from the Internet; 
they might later reenact their story and record it using a camera or 
video camera; they might illustrate it by drawing pictures. As they do so, 
they are encouraged to think about what each new tool contributes to 
their overall experience of the story as well as what needs to remain the 
same for viewers to recognize the same characters and situations across 
these various media.  

 
4. Digital Learners prefer random access to hyper-linked multimedia 

information. Many teachers prefer to provide info linearly, logically and 
sequentially. 
 
Buckminster Fuller once wrote “How often I saw where I should be going by 
setting out for somewhere else.” The under-30 generation is the first to 
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experience hypertext and "clicking around" in children's computer 
applications, in CD-ROMs, and on the Web. This new information structure 
has increased their awareness and ability to make connections, and has 
freed them from the constraint of a single path of thought, and in my 
humble opinion is generally an extremely positive development. 
 
At the same time, it can be argued with some justification that unlimited 
hyperlinking may make it more difficult for students to follow a linear train 
of thought and to do some types of deep or logical thinking.  
 
For Digital Learners, their mindset goes something like "Why should I read 
something from beginning to end, or follow someone else's logic, when I can 
just 'explore the links' and create my own?" While following one's own path 
often leads to interesting results, understanding someone else's logic is 
also very important. While the Internet may be far superior for quickly 
finding related bits of information, for understanding a topic deeply, it still 
requires the ability for extended focus and reflection.  
 
Sample Activities 
• Augmented reality games represent one potential application of 

distributed intelligence to the learning process. Klopfer and Squire 
(2005) developed a range of games in which students use location-aware, 
GPS-enabled handheld computers to solve fictional problems in real 
spaces. For example, in Environmental Detectives, students determine 
the source of an imaginary chemical leak, which is causing environmental 
hazards on the MIT campus. Students can use their handhelds to drill 
imaginary wells and take readings on the soil conditions, but to do so, 
they must travel to the actual location. Data drawn from the computer is 
read against their actual physical surroundings—the distance between 
locations, the slope of the land, its proximity to the Charles River—and 
multiple players compare notes as they seek to resolve the game 
scenario.  

• Students in the Comparative Media Studies Program have experimented 
with the use of handhelds to allow tourists to access old photographs of 
historic neighborhoods and compare them with what they are seeing on 
location. Elsewhere, students travel across the battlefield at Lexington 
conducting interviews with historical personage to better understand 
their perspective on what happened there in 1775. In each case, direct 
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perceptions of the real world and information drawn from information 
appliances are mutually reinforcing. The players combine multiple 
information sources in completing the tasks at hand.  

• Byline is an Internet-based publishing and editing tool designed to focus 
attention on the organizational and structural features of journalism. 
providing a space for the body of the story, the byline, and the lead, 
this “smart tool” scaffolds students’ processes of learning to write a 
journalistic story. By cueing students on what to write, where to write 
it, and even into such journalistic values as the need to catch the 
reader’s attention, this specially designed program helps students to 
learn the conventions and values of journalism.  

• A classroom designed to foster distributed cognition encourages 
students to participate with a range of people, artifacts, and devices. 
The various forms of participation composing such cognitive activity 
might be understood more generally as the skill of knowing how to act 
within distributed knowledge systems. Interested in designing learning 
environments that would foster such a skill, Bell and Winn (2000) 
describe a classroom not only in which participation requires active 
collaborations with people and tools that are physically present, but also 
with people and tools that are virtually present through, for example, 
video conferencing with a science practitioner, using the web to connect 
to a data- base in Japan, and using Excel spreadsheets to simulate a 
mass spectrometer. In such class- rooms, knowing how to act within the 
distributed knowledge system is more important than learning content. 
Because content is something that can be “held” by technologies such as 
databases, websites, wikis, and so forth, the curricular focus is on 
learning how to generate, evaluate, interpret, and deploy data.  

• With new technologies, new cognitive possibilities arise. Educators need 
to create new activities when new technologies are introduced into the 
classroom. If the calculator is used to add 2+2, it is the capacities of 
the calculator that are solving the problem; when calculation is “off 
loaded” onto the calculator, the student is free to solve more complex 
problems. The proliferation of digital technologies requires a concerted 
effort to envision activities that enable students to engage in more 
complex problem domains. For example, as a vehicle for assessing the 
various ways ecommerce affects the environment, students could be 
given the problem of comparing the environ- mental impact of shipping 
250, 000 copies of Harry Potter and the Goblet of Fire directly to 
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individual customers rather than to bookstores. Reflecting on the 
intended outcome for such a comparison, Yagelski notes, “The click of 
the computer mouse to order a copy of Harry Potter from Amazon. com 
can seem a simple and almost natural act, yet it represents participation 
in this bewilderingly complex web of material connections that is any- 
thing but simple. And that participation contributes to the condition of 
our planet. ” See 
http://english.ttu.edu/kairos/6.2/features/yagelski/crisis.htm.  

 
5. Digital Learners prefer to network simultaneously with many others. 

Many educators prefer students to work independently before they 
network and interact. 
 
When we were students, we were expected, at least in the beginning when 
new information was being introduced, to work independently. When we 
were out of school, the only ways we communicated with others was face to 
face or by phone.  
 
Digital natives have grown up with literally dozens of ways to communicate. 
From cell phones, to MySpace, Friendster, Facebook, YouTube, blogs, 
Instant Messaging and so on they need, want and expect to be able to 
instantly and seamlessly communicate with others using tools of personal 
and mass collaboration – and they take for granted that this kind of access 
to others will be available 24-7. 
 
Sample Activities 
• Scientists in fields requiring simple, yet extensive, data analysis tasks 

could partner with junior high teachers to have students help collect or 
analyze real data. Eelgrass is both the most abundant seagrass in 
Massachusetts and one of the most ecologically valuable marine and 
estuarine habitats in North American coastal waters. The MIT Sea 
Grant College Program developed a project where students in different 
schools learn to cultivate eelgrass and collaboratively share data 
regarding the levels of nitrates, oxygen, and so forth in affected 
habitats through the project 
website:http://seagrantdev.mit.edu/eelgrass/ Why we should teach 
media literacy? 
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• The first is that it does not address the fundamental inequalities in 
young people’s access to new media technologies and the opportunities 
for participation they represent (what we call the participation gap). 
The second is that it assumes that children are actively reflecting on 
their media experiences and can thus articulate what they learn from 
their participation (what we call the transparency problem). The third 
problem with the laissez faire approach is that it assumes children, on 
their own, can develop the ethical norms needed to cope with a complex 
and diverse social environment online (the ethics challenge). Any attempt 
to provide meaningful media education in the age of participatory culture 
must begin by addressing these three core concerns  

• Sites such as ning.com offers nonprogrammers tools for rapidly creating 
social web applications that allow users to interact with and share 
information with one another. For example, a Mandarin teacher could 
easily create an online travel guide in which students (potentially 
nationwide) would each contribute write-ups of interesting sites in their 
local areas that would be of interest to visitors from China.  

• Students taking civic classes might be encouraged to map their local 
governments using a Wikipedia-like program, bringing together names of 
government officials, reports on government meetings, and key policy 
debates. The information would be accessible to others in their own 
communities. They might also compare notes with students living in other 
parts of the country to identify policy alternatives that might address 
problems or concerns in their communities. 

• Educators take advantage of social networking when they link learners 
with others who might share their interests or when they encourage 
students to publish works produced to a larger public.  

• Noel Jenkins (2006), a British junior high teacher, created a geography 
unit in which he asks students to play the roles of city planners 
determining the most appropriate location for a new hospital in San 
Francisco. First, students familiarize themselves with the city layout by 
exploring satellites imagery of the city, navigating through three- 
dimensional maps and watching webcam streams from different parts of 
the city. Next, students are shown how to layer the data most relevant 
to their decision atop their city maps. Finally, students are asked to 
decide on a final location for their hospital and illustrate their maps 
with annotations justifying their decision. See http://www. 
juicygeography.co.uk/googleearthsanfran.htm  
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• Students use online storefront services such as cafepress.com and 
zazzle.com to share their artistic creations and personal hobbies with 
the general public. In many cases, young entrepreneurs are able to make 
up to $18, 000 per year doing so (Barbour, 2006).  

• Educational Technology enthusiast Will Richardson used the community 
news application crispynews.com to create edbloggernews. 
crispynews.com, an online nexus for teachers to share educational 
resources with one another. Each participant helps to rank the different 
curricular suggestions using collaborative filtering technologies.  

• Students at Grandview Elementary School publish an online newspaper 
and podcast their works. See 
http://www.grandviewlibrary.org/Fold/GrandviewNews.aspx  

• Outraged by a House bill that would make illegal immigration a felony, 
more than 15, 000 high school students in Los Angeles staged a protest 
coordinated primarily through MySpace. 

 
6. Digital Learners prefer to learn “just-in-time.” Many educators prefer 

to teach “just-in-case.” 
 
 Schools are organized around just-in-case. Just in case it’s on the exam. 
Just in case you need to know something to pass the course. Just in case 
you want to become an scientist or an astronaut. Digital Learners prefer to 
learn just in time. They want to gain an understanding of the things that 
they need to know to allow them to acquire the necessary skills and 
knowledge just in time to play a game or how to do something they don’t 
know how to do. Just-in-time learning is about having the skills, knowledge 
and habits of mind that will allow them to learn just in time when that next 
window of opportunity or area of interest opens to them. 
 
A classic example of just-in-time learners happens when a Digital Learner 
purchases or receives a new game or digital device.  
 
Do they read the manual from cover to cover like many of us do? Of course 
not! They pick it up and start messing around with it, pushing buttons and 
exploring the interface. By the time we’ve read the table of contents, 
they’ve figured out ten things that work and ten things that don’t work. 
Then they immediately go out online searching for blogs, user groups, cheat 
sheets and message boards to figure out what else they can do; or the text 
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or Skype their friends to get the information they need. 
 
Sample Activities 
• The Boston-based Youth Voice Collaborative has developed an exercise 

that gives students a range of news stories and asks them to rank the 
stories according to traditional news standards. The process is designed 
to encourage students to understand what criteria journalists use to 
determine the “news value” of different events and to encourage 
students to express their own priorities about what information matters 
to them and why.  

• http://news.google.com aggregates articles from thousands of news 
sources worldwide. This allows users to compare and contrast the 
framing of a single issue from different media sources. Students are 
encouraged to read several articles closely, underlining words they 
believe might shape how readers understand and feel about what they 
are reading.  

• The New Medial Literacies project at MIT has developed a set of 
activities to involve students in understanding how representations of 
“truth” and “fiction” vary in different media forms and, therefore, how 
different techniques must be learned, and choices must be made, when 
seeking to manipulate meanings by altering representations. For example, 
in an image manipulation activity, students search for an image of an 
event (such as the March on Washington, the Kennedy assassination) and 
are taught how to change the picture in a way that changes the meaning. 
By manipulating images, students become familiar with the ways images 
may be altered to persuade and influence. In developing this 
manipulation skill, students are encouraged to think about why image, 
sound, and textual representations are altered and what that means to 
them as consumers, voters, and citizens.  

• A growing number of teachers are using the Talk Pages for contested 
Wikipedia entries as illustrations of the types of questions one might 
want to ask about any information and the processes and criteria by 
which disputes about knowledge might be resolved.  

• Tools such as lijit.com allow readers of a website to alert friends who 
subsequently read the same website that its content may be suspect. 
Students might also be encouraged to take advantage of sites such as 
snopes.com, which regularly report on frauds and misinformation 
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circulating online and provide good illustrations of the ways that one 
could test the credibility of information 

 
7. Digital Learners prefer instant gratification and immediate rewards. 

Many educators prefer deferred gratification and delayed rewards. 
 
The digital culture provides exactly what kids need most - constant 
affirmation, lots of attention and the ability to distinguish themselves. 
Games and digital technology tell the user that if they put in the time and 
master the game or device, they will be rewarded with access to the next 
level, with a win, or a place on the all time high scorers' list. What they do 
determines what they get, and what they get is obviously intrinsically worth 
the effort they put in.  
 
New technologies excel at giving instant feedback, and the payoff for any 
action is typically very clear. Compare how often Digital Natives are 
expected to make decision while gaming (every ½ to 1 second) and how often 
they are rewarded for those efforts (every 7 to 10 seconds) with how 
often students are asked to make a decision or positively rewarded in 
schools. This may be one of the reasons that many students are waiting for 
a video game or Internet version of school to come out so they won’t have 
to attend any more. 
 
Sample Activities 
• Teachers in a business class ask students to make imaginary investments 

in the stock market and then monitor actual business reports to track 
the rise and falls of their “holdings. ” This well-established classroom 
practice mirrors what youth do when they form fantasy sports leagues, 
tracking the performance of players on the sports page to score their 
results, and engaging in imaginary trades to enhance their overall 
standings. Both of these practices share a movement between imaginary 
scenarios (pretend investments or teams) and real-world data. The 
simulated activities introduce them to the logics by which their real-
world counterparts operate and to actual data sets, research processes, 
and information sources. •  

• Groups such as OnRampArts in Los Angeles, Urban Games Academy in 
Baltimore and Atlanta, or Global Kids in New York City involve kids in the 
design of their own games. These groups see a value in having youth 
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translate a body of knowledge - the history of the settlement of the 
New World in the case of OnRampArts’s Tropical America - into the 
activities and iconography of games. Here, students are encouraged to 
think of alter- native ways of modeling knowledge and learn to use the 
vocabulary of game design to represent central aspects of the world 
around them.  

• Simulation games such as SimCity provide a context for learning a skill 
Clark calls “embracing co-control”(2003, p 160). In this game, creating 
and maintaining a city requires exerting various forms of indirect 
control. Instead of having a top-down control to design a happy, thriving 
city, the player must engage in a bottom-up process, where the player 
“grows” a city by manipulating such variables as zoning and land prices. It 
is only through gaining a familiarity with all the parts of the system, and 
how they inter- act, that the player is able to nudge the flow in a way 
that respects the flow. Such a skill can be understood as a process of 
“com[ing] to grips with decentralized emergent order”(p. 160);a 
mandatory skill for understanding complex systems.  

• Students in New Mexico facing a summer of raging forest fires 
throughout their home state used simulations to understand how flames 
spread. Manipulating factors such as density of trees, wind, and rain, 
they saw how even minute changes to the environmental conditions could 
have profound effects on fire growth. This helped them understand the 
efficacy of common techniques such as forest thinning and controlled 
burns. 

 
8. Digital Learners prefer learning that’s relevant, active, instantly useful 

and fun. Many educators prefer feel compelled to teach to the 
curriculum guide and tests. 
 
While often derided in the press as being intellectual slackers, in reality 
Digital Natives are very much an intellectual problem-solving generation. 
Many types of logic, challenging puzzles, spatial relationships, and other 
complex thinking tasks are built into the computer and video games they 
enjoy. While some have argued that play and games are simply preparation 
for work, for today's younger generation, play is work, and work is 
increasingly seen in terms of games and game play. They want their learning 
to be relevant and instantly useful. They want to know what possible 
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connections this has to them and their world? And more than anything else, 
they don’t see why this can’t be fun most of the time. 

 
Sample Activities 
• History teachers ask students to entertain alternative history 

scenarios, speculating on what might have happened if Germany had won 
World War II or if Native Americans had colonized Europe. Such 
questions can lead to productive explorations centering on why and how 
certain events occurred, and what effect they had. Such questions also 
have no right and wrong answers; they emphasize creative thinking 
rather than memorization; they allow diverse levels of engagement; they 
allow students to feel less intimidated by adult expertise; and they also 
lend themselves to the construction of arguments and the mobilization 
of evidence.  

• Art and design students are turned loose with a diverse array of 
everyday materials and encouraged to use them to solve a specified 
design problem. Such activities encourage students to revisit familiar 
materials and everyday objects with fresh perspectives, to think 
through common problems from multiple directions, and to respect 
alternative responses to the same challenge. This approach is closely 
associated with the innovative design work of Ideo, a Palo Alto 
consultancy, but can also be seen in various reality television pro- grams, 
such as Project Runway or The Iron Chef, which require contestants to 
adopt distinctive and multiple approaches to shared problems.  

• Games offer the potential to learn through a new form of direct 
experience. Physics teachers use the game Supercharged 
(www.educationarcade.org/supercharged), which was developed as part 
of the MIT Games to Teach initiative, to help students to better 
understand core principles of electromagnetism. As a means for learning 
the laws of electromagnetism through first-hand experience, students 
navigate electromagnetic mazes by planting electrical charges that 
attract or repel their vehicles. Teachers can then build on this intuitive 
and experiential learning in the classroom, introducing equations, 
diagrams, or visualizations that help them to better understand the 
underlying principles that they are deploying and then sending them back 
to play through the levels again and improve their performance.  

• The Model United Nations, a well-established educational project, brings 
together students from many different schools, each representing 
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delegations from different member countries. Over the course of a 
weekend, participants work through current debates in foreign policy 
and simulate the actual procedures and policies of the international 
organization. Students prepare for the Model United Nations by doing 
library research, listening to lectures, and participating in-group 
discussions, and they return from the event to share what they learned 
with other classmates through presentations and written reports. • 

• The Savannah Project, created by researchers at the University of 
Bristol, encourages students to play the parts of lions stalking their 
prey in physical spaces, such as the school playground, but reading them 
through fictional data provided on handheld devices. This approach 
encourages students to master the complex ecosystem of the veldt from 
the inside out - learning the conditions that impinge on the lion’s chances 
of survival and the skills they need to feed on other local wildlife.  

• Teachers in a range of subjects can deploy what Shaffer (2005) calls 
“epistemic games. ”In an epistemic game, the game world is designed to 
simulate the social context of a profession (say, urban planning), and by 
working through realistic but simulated problems, players learn the ways 
of acting, interacting, and interpreting that are necessary for 
participating in the professional community. In effect, rather than 
memorizing facts or formulas, through performances of being an urban 
planner, lawyer, doctor, engineer, carpenter, historian, teacher, or 
physicist the player learns the particular ways of thinking of these 
professions.  

• Medieval Space, a MySpace clone created by teachers at Byrd Middle 
School, asked students to create online profiles for the various 
historical figures studied in their classes. Rather than seeing figures 
such as Richard III, Henry VI, and Queen Elizabeth as distinct 
characters, students explored the complex social relationships between 
them by imagining how they might have interacted if they had online 
spaces in the fifteenth century. For example, students were asked to 
imagine what their character’s current song might be, with as 2Pac’s 
“Only God Can Judge Me Now” listed for Richard III. See http://www. 
incsub.org/wpmu/bionicteacher/?p=142 for more info. 
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Reconnecting teachers with Digital Learners 
This isn’t a matter of who’s right or wrong. It’s not a matter of either/or. This 
isn’t a matter of them or us. It’s not a matter of which way is better. The 
bottom line is that children ARE different. They communicate differently than 
we do. They’re motivated by different things than we are. They process 
information differently than we do. And most importantly, they learn 
differently than we do.  
 
To teach effectively today, we need more than superficial understanding of 
the digital landscape. We need to understand, honor and speak in the language, 
customs, culture and style of children. This is not about being hip, it’s about a 
fundamental reconsideration in our approach and understanding of how 
information is processed, how communication takes placed, how information is 
remembered, what skills are needed to solve problems and operate in this 
environment. 
 
This requires far more than just a continued reconsideration of our content. 
We also need to carefully reconsider our methodologies. 
 
So how do we bridge this digital divide? 
Teachers must learn to communicate in the native language and style of their 
students. This doesn’t mean changing the focus on what is important or what is 
going to be measured, but it does mean that we have to change our 
instructional styles. 
 
1. This requires more making learning fun and more relevant to them and their 

world. 
2. This means going faster so they can receive information quickly. 
3. This means less step-by-step instruction and more random access, 

hyperlinked, just-in-time learning experiences. 
4. This means less text and more pictures, sounds and video wherever 

possible. 
5. This means providing more opportunities for multitasking, networking and 

interactivity. 
6. This means applying what we now know from the brain and mind research 

about learning 
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This also means understanding that there are now 2 kinds of content 
The first is our traditional content - reading, writing, arithmetic, geography, 
civics, history, languages, the sciences, and logical thinking amongst others. 
While some of these content areas will become more important as our world 
changes, others will become less important.  
 
But there is also a second kind of content 
What we call 21st century content. This includes critical thinking, problem 
solving and the structured teaching of process skills, combined with personal 
life skills, interpersonal life skills, team skills, communications skills, 
information fluency skills, technology fluency skills, visual fluency skills, 
biotechnology and bioethics skills. We can’t do it all – we have to get rid of 
some of what is not as important as it was when we went to school to make 
room for teaching our digital native learners the skills they need for their 
future lives. 
 
Fixing education – why do we continue to struggle? 
This is a tough one. Education is an emotional subject because we’re talking 
about our children and their future. For that reason, it’s essential that the 
public be regularly reassured that all is well. They need to be left with the 
feeling that schools are doing a good job and that their children are being well 
taken care of. 
 
Because of the emotional nature of this issue, educators, politicians and 
decision-makers spend a great deal of their time encouraging people to believe 
that their policies and their programs are having a positive effect on schools.  
 
This is why reports on just about everything from test scores to attendance to 
innovative initiatives to sports programs are designed to put schools and the 
school system in a positive light. Think about the kinds of information that 
come from the Department or Ministry of Education. They don’t generally 
focus on the problems. 
 
This approach to addressing the issues is nothing but a façade. A facade that 
masks the real issues - that masks what’s really happening or not happening in 
schools today - that masks what’s actually been happening for a long time.  
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The problem is that the digital divide has created a fundamental disconnect 
between students and the schools they attend, particularly as it relates to how 
and what students are taught as they progress through the school system. 
 
The smoking gun is that today in North America, more than 1/3rd of students 
and almost 1/2 or minorities drop out before they complete high school; and 
many more of those who do graduate are learning disabled or delayed. What’s 
more, they’re increasingly turned off. 
 
According to a recent study only 28% of 12th-grade high school students 
believe that school work is meaningful; 21% believe that their courses are 
interesting; and a mere 39% believe that school work will have any bearing on 
their success in later life.  
 
These statistics are even more shocking when one realizes that these are only 
the opinions of those students who have remained in high school for four 
years. Students who have found the high school experience the least relevant 
have already exited the system in huge numbers.  
 
The generational divide 
But it’s more than just a matter of disconnect. There’s an additional problem – 
a problem that’s invisible to most people. It’s the issue related to the real 
digital divide. It’s about more than the widening gap between the haves and 
have-nots and the know and know-nots. It’s about the generational divide based 
on the age gap between the digital and the non-digital generations. This is a 
divide that most people of our generation can’t, don’t or won’t recognize unless 
they live in that world every day. 
 
The digital, interactive, visual world is an experience unlike that any previous 
generation has ever experienced. And as I outlined earlier, there’s strong 
empirical evidence that digital bombardment is fundamentally altering the way 
that the digital generation thinks and views the world. 
 
This is something that most adults including many educators just don’t 
understand or accept. That said, it will not be possible for very much longer to 
engage young people in an educational system where the quality of experiences 
the schools provide are not as inviting or engaging as the quality of the 
experiences they get outside of school, through the Internet, computer games, 
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teen magazines, and interactive TV. All of these experiences are designed 
specifically for them. 
 
This is particularly the case when you compare these experiences to the 
experiences provided by the existing educational model - a model that was 
essentially designed for the life and times of 100 years ago. 
 
In addition there is the accountability problem. Many well meaning politicians, 
parents, and adults understand the critical role that public education plays in a 
democracy; and they appreciate the critical role that education plays in 
creating an educated new citizenry and workforce. So with the very best of 
intentions, they have tried to make the school system better by constantly 
tinkering with schools and offering the ongoing reform of the day, week or 
month. 
 
The problem with the reform of the week mentality is that education is a 
complex issue. These same well meaning people have sought simple solutions to 
the complex educational issues, and they have done this by deifying content 
recall and raising test scores. 
 
There are several huge problems with this primary focus on raising test scores. 
The major emphasis of test score fixation is on LOTS (lower order thinking 
skills) and short-term recall of information.  
 
Using this approach, students pass the tests, but their retention of the 
information is short term. Test them at the time, they can remember the 
content, (maybe) - but test them two weeks later, it’s like they’ve never heard 
the information before. This is an approach has little long term on real world 
thinking patterns. 
  
 More than that, the emphasis on content recall has little impact on real world 
thinking patterns. Learners are not provided with the opportunities to develop 
the necessary HOTS that are increasingly required for jobs and dealing with 
the growing complexity of the digital world.  
 
As Thomas Friedman in “the World is Flat” and Daniel Pink in “A Whole New 
Mind” point out, computers, high speed communications and a wide range of 
powerful new technologies are taking over more of the lower level repetitive 
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tasks and allowing many types of jobs to be and allowing many types of work to 
be automated and/or outsourced.  
 
So at a time when both as a citizen and as a worker our world requires 
increasingly higher level thought and the application of content to real world 
circumstances, in schools we continue to focus on lower level thinking. What’s 
wrong with this picture?  
 
The key skill that students develop with a content focused curriculum and 
associated standardized tests is memorizing information; and while 
memorization is not a bad thing, as Friedman and Pink note, it’s decreasing in 
importance in the online digital world. 
 
Besides, we’ve all heard the complaints that students today can’t focus and 
can’t remember the names of the states or their capitals. But this same 
student who can’t remember the provinces or their capitals, can clearly, 
concisely and instantly identify the attributes and abilities of dozens of 
characters in a multitude of video games or describe the nuances of 100’s of 
Pokemon characters. 
 
So when a teacher asks kids to find and memorize the names of the capitals of 
the 50 states the student is thinking, “I can find that out any time I want to in 
seconds on Google.” - meanwhile the teacher is thinking, “What’s a Google?” 
 
It’s not that students can’t memorize. It’s that they can’t see the relevance of 
having to memorize things. They just don’t think that way. This is what has 
lead to the disconnect. 
 
Students have a just-in-time mentality - an “I’ll get the information when I 
need it” mindset. Students are more interested in a general conceptual 
awareness of the world, not just a factual awareness of the world. In fact our 
continued fixation and focus on a factual awareness of the world is what has 
lead to many of our problems. 
 
Beyond this, we live in the Age of InfoWhelm. The amount of information in 
the world is growing at an exponential rate, which is reinforcing the decreasing 
importance of memorization, while at the same time increasing the need for a 
general conceptual awareness of the world. 
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In light of these developments, the current primary focus on traditional 
instruction and content-based, low-level recall testing just doesn’t make sense 
and it certainly can’t continue. By focusing on content and emphasizing 
memorization at the exclusion of all else, we are failing our students with the 
best of intentions. 
 
And there’s more. If we want to fully understand why students are 
disconnecting, we also need to acknowledge that the rush towards 
accountability is forcing teachers to teach to the test, which means that 
there’s a narrowing of focus in the classroom to tasks that are intended to 
enhance short term memory and content recall - elements that can be more 
easily remembered. This continued focus is having a disastrous effect. 
 
Students are disconnecting because schools are so boring. This is because 
many of the broader activities that address the conceptual nature of world, 
the complexity of modern life, and the contradictory nature of being are 
experiences that lead to more educated citizens. But today, much more 
engaging activities for students are being dropped because they aren’t 
assessed or are far more difficult to assess.  
A focus on test scores says something has to go. Teachers aren’t stupid. When 
your evaluation is based on student test scores then HOTS are inevitably the 
casualty. This narrowing has made the classroom less interesting at precisely 
the wrong time. At the very same time that research tells us that students are 
questioning the lack of engagement and relevancy and voting on this lack of 
relevancy with their feet and minds. 
  
In our rush to accountability, we are losing our students. We’re actually making 
schools less relevant and less interesting for students. 
 
This is an absolute recipe for disaster. In the short term, we get the warm 
fuzzy that test scores are going up and that therefore schools are accountable 
– they’re doing their job. But at the same time what’s lost is interest and 
engagement in learning. This is a classic example where the operation was a 
success but the patient died. 
 
The bottom line is that schools must change drastically if we are the reverse 
this growing disconnect. If we’re going to make schools more relevant, there 
are there are five fundamental changes that need to take place. 
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First we must shift instruction to the higher level thinking skills needed for 
the 21st Century. In A Whole New Mind Daniel Pink points out that we live in a 
predominantly left brain society - a society that has long honored linear, 
logical, left to right, top to bottom beginning to end, piecemeal content recall-
based knowledge and analytical thinking. This is the predominant mindset of 
schools today. 
 
The role of the right side of the brain, which handles pattern analysis, 
creativity, empathy, big picture thinking, intuition and the ability to combine 
seemingly unrelated ideas into something new, has long been undervalued and 
misunderstood in our predominantly left-brained society. 
 
But as Pink points out, just about anything that requires left brain thinking can 
be automated, turned into software, or outsourced to the third world. Pink 
says in the emerging world critical thinking, problem solving, and a deep level of 
information fluency - in other words using both hemispheres – using the whole 
new mind. It must be emphasized that this is not a matter of either/or – it’s a 
matter of both. Using left brained thinking in conjunction with right-brained 
thinking will increasingly be more highly valued than simple content recall. 
 
The second point is that we must embrace the new digital reality of the online, 
computerized world described by Friedman and Kurzweil. But this doesn’t and 
won’t happen just because a school has a high-speed network or students have 
access to laptops or handhelds. Even when hi-tech resources are available, if 
the resources are used to reinforce old mindsets about teaching and learning 
and how that learning is assesses, little will have changed.  
 
Outside of schools, the digital world has fundamentally and forever changed 
the way things get done. This is not just the case for business but for many 
aspects of our life.  
 
This new digital landscape is allowing students access to information and 
learning experiences outside the classroom and away from schools. This is 
access to experiences that have traditionally been solely the domain of 
teachers and the adult world. 
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From home - at the mall – whenever and wherever they are, students have 
access to information, music, original sources and multi-media full motion color 
images from friends and acquaintances, as well as people who might have 
diametrically opposed perspectives.  
 
But with our increasing fixation on testing, this means that we’re not able to 
provide them with the guidance and direction they need to develop the 
essential skills required to effectively use these resources. Instead, students 
are defining where they go, how they get there and what they do when they 
get there. 
 
This is compounded by the fact that many adults, because decision makers, and 
educators are not immersed in the new digital reality of students. We don’t 
have the experience, skills or even the inclination to help them even if we have 
the time. Schools and teachers persist in using new technologies to reinforce 
old mindsets. These are issues beyond computers and networks and way beyond 
testing. 
 
To understand their world we must be willing to immerse ourselves in that 
world. We must embrace the new digital reality If we can’t relate, if we don’t 
get it, we won’t be able to make schools relevant to the current and future 
needs of the digital generation. 
 
Third, we must address the shift in thinking patterns that are happening to 
digital students. They live and operate in a multimedia, online, multitask, 
random access, color graphics, video, audio, visual literacy world. 
 
As Steven Johnson points out in Everything Bad is Good For you, these new 
literacies are generally not valued, not recognized nor addressed in our schools 
because they do not represent our traditional definition of literacy. 
 
The gap between them and us 
The problem is that in the minds of some well-meaning policy makers and many 
parents, achievement simply means raising test scores in basic skills. But 
mastery of only the basic skills - reading, writing, and arithmetic - the 
traditional literacies and taught using traditional assumptions about teaching, 
learning and assessment, is absolutely insufficient preparation for the modern 
world.  
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In fact, this emphasis exclusively on the traditional literacies at the exclusion 
of all else may exacerbate students’ alienation from schooling. 
 
We must provide a second kind of content to prepare them for the world 
ahead and to provide them with the skills that they will need to master a world 
of constant change.  
 
These includes critical thinking, problem solving and the structured teaching of 
information processing skills, reading critically and speaking and writing 
persuasively, being able to apply mathematical and scientific principles to solve 
real-world problems, and being able to weigh current events through the lens 
of the world’s great cultures. 
 
They also must be able to mine the World Wide Web effectively and 
efficiently and understand the meaning embedded in charts, graphs, audio, 
video, and animation. They must experience new approaches to learning that 
are inquiry-based, collaborative, and perhaps, virtual combined with personal 
life skills - interpersonal life skills - team skills communications skills - 
information fluency skills technology fluency skills visual fluency skills and 
much, much more. 
 
Getting students to do well on our tests is just like stepping on the first rung 
of a ladder. We absolutely need to go higher up the ladder and if we go higher, 
we will meet and easily beat any and all of the elements of accountability for 
more students more of the time while at the same time recognizing the shift in 
thinking patterns that is happening to digital students.  
 
Fourth, we must broaden evaluation to encompass activities that provide a 
complete picture of students learning. 
 
As management guru Tom Peters says “what get measured gets done” and 
conversely “what doesn’t get measured doesn’t get done” - it’s imperative that 
we begin to measure more than information recall.  
 
Dave Masters uses this analogy: “you can get a good picture of a person’s 
health by taking their height and weight but would you go to a doctor who only 
took your height and weight and said here’s a picture of your health. The 
answer of course is no. It would require a battery of tests - urinalysis, blood 
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tests, blood pressure, cholesterol, checking for lumps and so on to get an 
accurate picture of your health.” 
 
However schools act like the doctor who only takes height and weight and then 
says here’s a complete picture of your health. We test students using 
standardized instruments that measure inform recall and low level 
understanding and then say here’s a complete picture of a student’s learning 
which is absolutely not the case.  
A complete picture of student learning would also include portfolios of 
performance, demonstrations of the application of theory to solve real world 
problems and the like. 
 
It’s presumptuous for us to say that current test scores are a complete 
indicator of student learning. This is part of the façade – in fact, content-
based test and test scores are only a small aspect of learning. 
 
And finally, we must increase the connection between instruction in schools and 
the world outside if we hope to increase the relevancy of the learning that 
takes place.  
The key point here is that the students must perceive the relevancy of what 
they’re learning. They need to understand not just the content but also the 
context of that content and how that content is used in the world outside of 
schools.  
 
For this to happen, schools need to become far less insular. But for this to 
happen, we need to systematically work to bring the outside world into our 
schools while at the same time sending our schools into the community. New 
technologies and an understanding of the new digital landscape can help us do 
that. The online world creates virtual highway and virtual hallways to both the 
local and the global community. 
 
If we want to unfold the full intellectual and creative genius of all of our 
children - if we want to prepare them for the new world that awaits them - if 
we want to help them prepare for their future, not our past - if we are going to 
march through the 21st Century and maintain our tradition of success. If we 
want our children to have the relevant 21st century skills - we must create a 
bridge between their world and ours. 
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The bottom line is that there needs to be fundamental shift in how teaching 
and learning takes place in schools. We must look for alternatives to the 
traditional organization of schools. We need to reconsider our longstanding 
assumptions about teaching and learning, about what a classroom looks, where 
it is, the resource that used to support it. We need to reexamine the use of 
time – the length of the school day and school year, the school timetable, and 
we need to re-examine the traditional methods used of instructional delivery 
and consider the potential of online, web-based, virtual learning that can be 
used to augment, extend, and transform the role of the traditional classroom 
teachers.  
 
If we want to unfold the full intellectual and creative genius of all of our 
children - if we are going to march through the 21st Century and maintain our 
tradition of success - if we want our children to have the relevant 21st century 
skills - we must create a bridge between their world and ours. 
 
School must make it happen for millions of children in the Digital Age. 
Educators take the pieces of world and put them together so our children can 
feel whole. Teachers stand in gap between the present and the future - 
between failure and fulfillment. 
 
It’s your energy, creativity, commitment and hard work every day that builds 
the bridge so children can cross the gap between now and the future. As they 
do, so does an entire nation. You are your country’s greatest hope and most 
important professionals. 
 

Man alone is the architect of his destiny. The greatest revolution in our 
generation is that human beings by changing the inner attitudes of their 
minds, can change the outer aspects of their lives.  
William James 
  
The world we have created is a product of our thinking. It cannot be 
changed without changing our thinking. 
Albert Einstein 
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WINDOW III: NEW SCHOOLS FOR THE NEW MILLENNIUM 
 
What does this all mean? 
What implications do these trends, what implications does this research, hold for 
children who enter kindergarten this year – and for the students who will be part of the 
graduating classes of the year 2006, 2012, 2018 and beyond? What kind of world will 
they graduate into? Will it be the same as our world or will it be different? And if it’s 
different, now will it be different.  
 
When you extrapolate the growth in technological power over the course of the next 10 
to 15 years, you can only come to one conclusion – that these global exponential trends 
will have a staggering impact on every aspect of our lives – the way we work, the way we 
play and certainly on the way we learn. But this is hard for us to conceive because of our 
educentrism.  
 
We in education, have little context for this kind of rapid change. But it is happening, 
especially outside education – and we just can’t ignore it. We all know something big is 
happening. The problem is that we want a new result but continue to act in same way. The 
bottom line is that we can’t just tinker with the system. We need fundamental changes to 
our existing systems. Meanwhile, the clock is ticking down – and last minutism just won’t 
cut it. 
 
How can we deal with this fast paced change? 
How do you anticipate the necessary changes? You do this by learning to live life like a 
quarterback. When a quarterback drops back to pass, sets his feet and throws the ball 
downfield, where does he throw the ball? Does he throw it to where the receiver is right 
now? Of course the answer is no. Rather he anticipates the future and throws the ball to 
where the receiver is going to be? This is what Jennifer James in her book of the same 
name calls thinking in future tense. Understanding that the present is nothing more than 
the past of the future and throwing to the future. You see, quarterbacks are futurists. 
And for being able to do this, professional quarterbacks get paid millions of dollars.  
 
And that explains why educators get paid millions of dollars to do what they do. 
Educators are futurists. In fact the word education comes from the Latin educere – to 
lead out. Our job is to lead children out of the intellectual wilderness. The problem is 
that we keep getting hung up dealing with the tyranny of the urgent and tyranny of 
everyday life – getting kids ready for their next subject, next lesson, next day, next 
term, next level of school. For most educators, long range planning relates to what we’re 
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going to have for dinner tonight. And this is understandable, but that’s what drives the 
system. But our job is not just to get our students ready for the next subject, next 
lesson, next day, next term, next level of school…And to do this we need to go split 
screen. One foot in the here and now, and one foot planted firmly in the future 
anticipating what will be. 
 
And to be successful doing this, we need to use our intuition. I’m not talking ESP or the 
use of a crystal ball. I’m talking about using a reasoned extrapolation based on the trends 
as they’re happening today.  
 
Why? It’s because in education, just like football, we are working with a moving target. 
As such, it isn’t enough to focus on the here and now. We need to consider the future – 
out there – years out. 
 
How do we do this? 
Taking a page from Wiggins and McTighe’s wonderful Understanding by Design series, we 
need to think in future tense and start with the end in mind. We need to start by 
identifying the skills and knowledge and habit of mind that our students will need to 
survive let alone thrive out there in the culture of the 21st century, and then use that to 
work our way back to today in order to identify what it is we need to do today to get us 
to tomorrow.  
 
But to do this, we need to look at education through the lens of emerging global 
exponential trends and technologies and ask the question – based on those emerging 
trends, where will learning be in 13 years when the children who entered Kindergarten 
this year graduate from school? 
 
As that well-known American philosopher Yogi Berra once, said, “If you don’t know 
where you’re going, you’ll probably end up somewhere else.” The key to successful 
change is anticipating where we are going. Without a clear goal in mind, much effort 
may be wasted in heading in the wrong direction. The first thing we must do is to 
establish a goal or target to aim for.  
 
How do we determine what our goal should be, particularly in light of the rapidly 
changing modern world? To begin, there is a basic rule to follow. We should never 
limit our focus by only looking at what’s “hot” today. We can’t base our decisions just 
on what exists. Rather, as we have discussed, what exists today can only be fully 
understood when seen as part of a continuum that stretches into the future. For 
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example, if you just look at the latest electronic devices and make decisions based 
just on what you see, you may be very surprised at what happens in the very near 
future.  
 
Consider that electronic products in Japan currently have a shelf life of 90 days or 
so before some new and improved product supersedes them. The world of technology 
is changing so quickly that many companies have adopted a corporate motto, which 
says, “Today let’s put ourselves out of business, because if we don’t, someone else 
will!” The only way to adequately plan for the future is to look at the big picture that 
started in the past and moves through the present and into the future. 
 
So we must look at education the same way that the quarterback looks at the 
football field. We must perceive where things are headed so we can respond 
appropriately. This will require us to apply all that we have discussed in this book. 
We must accept that we have a paradigm for how we expect life to unfold. We must 
accept that in times of radical change, we all suffer from some degree of paradigm 
paralysis. We must accept that change requires us to let go of ideas and ways of 
doing things that we hold dear. Keep this in mind as we now begin to project what 
education will look like in the future. 
 
1. Education will not be confined to a single place 
For the last 150 years students have gone to school. However, this is not the way it 
will always be. This may come as a real shock to many of our colleagues who have 
spent most of their career teaching in a classroom. The development of a global 
digital network of fiber optic cable and wireless communications using satellites and 
cellular telephones will fundamentally revolutionize the concept of travel. Literally 
anyone will be able to access this network from anywhere using personal, pocket, 
wireless, tiny-tech communication devices. We are already seeing the first signs of 
this today.  
 
But why will this have such a dramatic effect on where students learn? First, all 
forms of information and communication are being converted to a digital format. TV 
signals, telephone communications, fax signals and radio transmissions are all going 
digital. Second, the worldwide network is rapidly blanketing the globe. There are at 
least 4 projects currently being developed to place satellite systems in a global grid 
around the world to provide voice and/or data access anywhere on earth. Third, 
computers and cellular telephones are being miniaturized. We already have palmtop 
computers and cellular telephones that fold up and fit comfortably in our pocket.  



Windows on the Future: Thinking About Tomorrow Today  ©2007, The InfoSavvy Group 

  Page 141 of 219 

But this is just the beginning. AT&T has patents out for cellular telephones that will 
fit in your ring, your watch, the rims of glasses, a tooth, your cuff links, even an 
earring. The company even has a patent for a nasal implant cell phone. Video and 
digital cameras have been reduced to the size of a pea and will continue to shrink in 
size. Computers will also continue to shrink from the current palmtop size down to 
unimaginably small dimensions, only limited by the size of our fingers and our 
imagination. Put all of these developments together and you can see that the “Dick 
Tracy” wristwatch communicator is just around the corner. But the real one will add 
super-computing power, and a worldwide network that can be accessed from 
anywhere to the 2-way interactive video we have always marveled at in the comics. 
The impact of the widespread use of this kind of device simply cannot be ignored. 
 
Due to the emergence of these new technologies, learning will not need to be 
confined to a single place or single source. Students will be able to remain in contact 
with their teacher and classmates while on vacation, while traveling with a parent on 
a business trip, or while their parents are working at some remote location. Learning 
will happen at home, on the job, or in the community. When learners can use the kind 
of powerful personal computer-communicators that will be available in the next few 
years, learning will literally occur wherever the learner is at any particular moment. 
 
2. Education will not be confined to a specific time 
Personal computer communication devices will also break the time barrier for 
learning. School will no longer be over when the bell rings at the end of a period or 
end of the school day. The school day and school year will no longer be predicated on 
the 180 days a year, 5 1/2 hour day that is a remnant of a time when children were 
needed in the fields during the summer to help harvest the crops. Using the new 
technologies, students will be able to access learning materials 24 hours a day, 365 
days a year. This will have a major impact on learning because it can be primarily 
driven by need and/or interest.  
 
Occupational futurists tell us that our children can anticipate that in their life 
times, they will have 10 to 14 distinct careers – not 10 to 14 jobs working for the 
same company but 10 to 14 careers. How many of us had parents that worked for the 
same company or in the same business for 20 or more years? Increasingly the 
message that we get from business is that if you want loyalty, you better buy a dog, 
because you aren’t going to get it from the employer or the employee. This 
remarkable prediction is borne out by 2004 US Department of Labor statistics that 
tell us that 1 out of 2 workers today has been working for the current company for 
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less than 1 year; and that 2 out of 3 have been working for the same company for 
less than 5 years. Add to this that Thomas Friedman, author of “The World is Flat” 
was recently quoted as saying that none of the top 10 jobs that will be available in 
the year 2010 exist today; and that these are jobs that will require workers to use 
technology that hasn’t been invented yet to solve problems that we haven’t even 
thought out yet.  
 
We are entering an era that increasingly will demand “just-in-time learning.” This 
contrasts dramatically with the “just-in-case” model currently used in most schools – 
just in case it’s on the test, just-in-case we might need to use it on the job, just-in-
case it might be important. This is because the amount of information coming at us 
grows almost as quickly as the new technologies. By the time children who are now in 
Kindergarten graduate from Grade 12, information will have conservatively doubled 
itself 7 times, and technological power will have doubled itself nearly 9 times. It’s 
clear that students will still need to learn things, but there will be much less 
emphasis on the amount of material memorized and much more emphasis on making 
connections, thinking through issues, and solving problems.  
 
A person attending university today will find that half or more of what they learned 
will be obsolete, outdated, or just plain wrong on the day they graduate. Taking this 
further, for people attending university in 2006, half of what they learn in any given 
year will be obsolete by the end of that year. For this reason, learning on a need-to-
know basis will become a crucial factor in providing relevant education. 
 
This learning on a need-to-know basis or just-in-time learning parallels what has gone 
on in business since the early 1980s. There has been a shift in the manufacturing of 
products to something called “just-in-time delivery.” This means that companies no 
longer stockpile huge warehouses full of inventory, and begin to order the materials 
they need only when a customer orders a product from them.  
 
In the same way, much of learning will have to shift to just-in-time learning where 
information and conceptual material are accessed only when they are needed. We are 
already seeing this today as businesses try to keep up with the dizzying changes 
that are taking place in the development of new methods for manufacturing goods, 
marketing products, etc. Many businesses have some workers that are not actually 
working at any given time. Instead, they are pulled away from their regular duties in 
order to learn new techniques, methods, etc. that will soon come into play in their 
particular jobs. This kind of learning will become much easier when personal pocket-



Windows on the Future: Thinking About Tomorrow Today  ©2007, The InfoSavvy Group 

  Page 143 of 219 

sized wireless computer/communicators allow workers to access information from 
wherever they are when the need arises. This technology will also make it much 
easier for students to learn in the same way. 
 
3. Education will not be confined to a single person 
Traditionally, a single teacher was the sole source of teaching in the classroom. 
However, when students have access to technology and information any time they 
need it, where and how they learn from will radically change. The instantaneous 
access to people and information will allow students to communicate both locally and 
globally for instruction. Parents will be able to assist in home-schooling their 
children whether they are at home or not. Students will be able to contact 
community and political leaders, business owners, scientists, and a variety of experts 
from many fields, as well as traditional school personnel such as teachers, librarians, 
counselors, and others from wherever they are. 
 
In addition, language will increasingly become less of a barrier to any of these 
communications. Already, there is computer software available that will take typed 
text and translate it into any of the major languages in the world. There are also 
personal computers that will respond to verbal commands. Naturally Speaking and 
ViaVoice are similar software packages that automatically convert the spoken word 
into typewritten text as you speak. Although relatively expensive, and still early in 
their development, Moore’s Law means that it will only be a short time before voice 
recognition computers will be a common part of our lives. Putting these 2 concepts 
together, a software program using voice recognition and automatic language 
translation will allow individuals to speak in one language to anyone else in the world 
in the other person’s native language. In other words, an English-speaking person 
could call a Japanese-speaking person and their communication could proceed in both 
languages, while the software automatically interprets their conversation. 
 
By removing the constraints of physical location and time of day, the new 
technologies will allow people other than teachers to enhance the instruction of 
students. Although this development may seem threatening to many in the 
educational establishment, the positive effects on learning have to be considered. 
Students will benefit from the combined wisdom and experience of many people, 
while learning new skills and concepts. It will also create a real-world relevance to 
the learning process. Students will be presented with different and sometimes 
opposing views as they research their topics. Learning how to draw their own 
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conclusions from a variety of perspectives in such situations will undoubtedly become 
an essential life skill. 
 
4. Education will not be confined to human teachers 
As students gain access to a wide variety of teachers, it is a certainty that some of 
them will not be human. This idea will make many of the over 30 crowd feel very 
uneasy, but the Nintendo generation, who have never had a time in their lives where 
such technologies haven’t existed, will take to this like ducks to water. 
To understand what is about to happen in terms of emergence of non-human teaching 
assistants, we need to apply our knowledge of Moore’s Law once again. We simply 
cannot make our decisions based on what is in existence today, because we know that 
the continuum of technological development means new and more powerful 
technologies are imminent. We can only look at what exists today as a basis for 
projecting where technology will be when the students now in Kindergarten graduate 
from our high schools.  
 
What are the key technologies that will develop into the truly powerful non-human 
teaching assistants of the future? It’s difficult to provide any definitive answer to 
this question given the breadth of development happening today. Most certainly 
technologies capable of making profound changes to the very nature of education will 
be produced. However, we must consider 2 key developments that will influence the 
direction that non-human instruction might take – expert systems/smart agents and 
hypermation. 
 
Let’s consider expert systems/smart agents first. An expert system or smart agent 
is a computer program that is given general rules for its operation, as well as the 
capacity to learn from experience. In this way the program increases its power as it 
tackles specific problems. One example of this would be a system programmed to 
diagnose engine problems in cars. Such a system is connected to car dealerships 
worldwide via satellite. Each day, every problem a dealership encounters is entered 
into the program as well as the way that problem was solved. When a mechanic 
encounters a problem, the expert system can give advice by applying the rules in its 
program as well as using its growing memory banks. In this way, the expert system 
has become a valuable reference and learning tool that can be used daily by 
mechanics anywhere around the world. 
 
This type of program could have an enormous impact on education. In the previous 
chapter, we discussed the trend towards miniaturization that will result in powerful, 
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personal, pocket-sized devices capable of instant worldwide communication. If these 
computer-communicators were equipped with smart agents, they would become even 
more powerful and could be used to find information from any source connected to 
the worldwide network.  
 
For example, if we were doing research on volcanoes, our personal smart agent could 
take our verbal request, go out onto the network, and find all incidents of volcanic 
activity that match our criteria for time, duration, type, and any other attributes we 
are looking for. This smart agent would learn from experience how we ask questions, 
and what we are really looking for when we phrase our queries in certain ways. In 
learning our personal habits and tendencies, the smart agent would learn to make 
connections and inferences from the coexistence of 2 or more events with similar 
attributes. Imagine the power this kind of technology would have in the hands of 
students of all ages. 
 
Once again, we must consider the impact of Moore’s Law as it is applies to the 
amount of information available on the global network combined with the increasing 
sophistication of information technologies. Students will have immediate access from 
anywhere in the world to information that is more up-to-date than any encyclopedia 
or text book anywhere. Personal smart agent technology combined with the global 
digital network will render the traditional role of the teacher as disseminator of 
information superfluous.  
 
However, these smart agents will do more than just get information. They will also 
be able to analyze what they find. A student could set an agent to work at 
monitoring the stock market for any combination of simultaneous ups and downs in 
various industries; have it watch worldwide arms shipments and terrorist activities; 
or examine the relationship between the destruction of the rain forest in South 
America and the depletion of the ozone layer.  
 
The power of this kind of technology to alter education simply cannot be ignored. 
Much of traditional education in schools today involves getting information. In fact, 
so much time and effort is focused on just finding the information, that there is 
little time left over for teaching students how to process, synthesize, and evaluate 
what was found. In an instructional environment that includes personal smart agents, 
this problem would be addressed. Teachers would then be able to spend more time 
on the higher level thinking skills associated with evaluating the information 
retrieved by the smart agents. 
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This development should be welcomed by a teaching profession, who has for years 
bemoaned the lack of time and resources needed to teach higher-level thinking 
skills. As a consequence, in the rapidly emerging new instructional setting, teaching 
higher-level thought processes will become the focus by default as the technology 
removes concerns of the amount of informational resources and the speed of access. 
 
Now let’s consider the work being done on the development of hypermation learning 
systems that we discussed in chapter 6 combined with personal pocket computer-
communicators and smart agents. Students will be able to use a personal learning 
system that knows how they learn. It will continuously adapt to their needs as they 
read new material and encounter various difficulties. Such technologies will greatly 
reduce the lineup at the teacher’s desk of students waiting to get some help with 
the reading or math problems they are working on.  
 
The power of this kind of personal learning system cannot be underestimated. While 
not commonly available today, the speed at which these systems will appear will be 
remarkable. Educators must immediately begin to prepare for a new learning 
environment where non-human teaching assistants will take over many of the tasks 
currently done by human teachers.  
 
Again, many may see this as a threat, but it need not be so. These teaching 
assistants will actually free the teacher from the burden of being the source of a 
great quantity of low-level learning. Such technologies will enable students to learn 
the alphabet, the times table, spelling, and other such tasks with minimal assistance 
from the teacher. The teacher will then be free to work on the higher-level learning 
that is currently neglected in the traditional classroom. The future will not see 
teachers replaced. Rather, technology will create the long desired and needed shift 
in the instructional role the teacher plays. 
 
5. Education will not be confined to paper-based information 
How many of you have bought an Encyclopedia Britannica recently? Not many! Why? 
Because they stopped making them except under special order and at great cost in 
1998. Why? Because it takes 15 hours to print, costs $500 just for the material, 
weights 600 lbs., takes up 4’ of shelf space and requires the death of 23 trees. 
Crawfordsville, Indiana was the home of RR Donnelly, one of the largest publishers in 
the world. Until recently, and for the past 50 years, RR Donnelly has employed more 
than 1000 people running the printing presses, which operated 24 hours a day, 7 days 
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just printing Encyclopedia Brittanicas. But the presses have fallen silent, the 
workers have been released and the place is for sale.  
 
Why, because Encyclopedia Britannica now comes on a CD ROM, which costs 10 cents 
to print, takes 6 seconds to manufacture, weighs 3 ounces, allows you to follow 
multiple pathways, connects ideas instantly, is smaller, more portable and can balance 
on the end of a finger. 
 
But now, EB in considering discontinuing the CD, because the EB is now on the Web, 
where it can be updated not yearly (remember EB's yearly updates "this is 
everything that happened in the past year...") but on needs basis, monthly, weekly, 
daily or even on the hour. Given this, I believe we need to put the same expiration 
warning date on information, encyclopedias and text books, some that still have some 
that still have Bill Clinton as President of the United States and the USSR as a 
country that we put on the side of milk cartons and food - warning, if you ingest this 
after a certain point, it could be hazardous to your health... 
 
Why? Because we're living in a digital world! This is not to say that paper isn't 
important – but paper can’t impart the same sense of reality or provide the scope of 
information to the user because there is no substitute for a audio-visual experience 
- digital encyclopedias can let us slice and dice information any way we choose - we 
can view living information - we can send our students on virtual reality experiences - 
on virtual field trips to virtual museums, virtual art galleries - we can send them back 
in time, we can send them down to the bottom of the Mediterranean, we can send 
them out the rings of Saturn, which I found out recently are made up entirely of my 
lost luggage from United Airlines....and the cool part is that you'd be able to do that 
without ever having to fill out another field trip form again. 
 
Think of the struggles we have had coming to terms with new developments over the 
years. For example: 
 

At a teacher’s conference in 1703, it was reported that students 
could no longer prepare bark to calculate problems. They depended 
instead on expensive slates. There was great concern by the teachers 
of the time over what students would do when the slate was dropped 
and broken. 
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In 1815, it was reported at a principal’s meeting that students 
depended too much on paper. They no longer knew how to write on a 
slate without getting dust all over themselves. What would happen 
when they ran out of paper? And did they think that paper grew on 
trees? 
 
The National Association of Teachers reported in 1907 that students 
depended too much on ink and no longer knew how to use a knife to 
sharpen a pencil. 
 
According to the Rural American Teacher in 1928, students depended 
too much on store bought ink. They did not know how to make their 
own. What would happen when they ran out? They wouldn’t be able to 
write until their next trip to the settlement.  
 
In 1950, it was observed that ballpoint pens would be the ruin of 
education. Students were using these devices and then just throwing 
them away. The values of thrift and frugality were being discarded. 
Businesses and banks would never allow such expensive luxuries, 
according to the educators of the time.  

 
And since then, what about the controversies over overhead projectors, calculators, 
computers, CD ROMs, cell phones and the Internet (...to be continued) 
 
As education becomes a system that is no longer limited by time and location and as 
new technologies become integrated with digital learning technologies, the use of 
paper will decrease in the classroom. For some, this may seem difficult to accept 
because even though we live in a multimedia generation, the dissemination of 
information in schools is still essentially paper-based. It will not be long however, 
until the trends outlined in this book begin to work in concert to produce a new 
digital reality. As strategic alliances between communications and media companies 
continue to develop new products and services, digital information and learning 
technologies will become the norm in schools. 
 
Technologies that bring the world into our homes will soon allow children to wander 
through the pyramids, to visit the rings of Saturn, to see chemical reactions at the 
atomic level, as well as to participate in real-time teleconferencing. None of these 
experiences will involve paper, but all will involve learning.  
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When students go to school it’s difficult to get them interested in the 2-dimensional 
world of paper. That’s because they live in a digital 3D interactive video world 
outside the classroom. Out there, they are already saturated with light and 
electrons so paper and ink aren’t really in sync with their everyday reality. Educators 
and schools have to focus on this point of incongruity. Children today get up in the 
morning to watch TV, play interactive games, go to 3D worlds using Nintendo and 
PlayStation, go around the world using the World Wide Web or pick up photos from 
Mars. Then they go to school where they are confronted with all the power of a 
photocopied worksheet or blackboard. No wonder schools are out of sync with the 
world that children experience. Unless we pay attention, this situation will only get 
much worse. 
 
6. Education will not be confined to memorization 
Academic success in the Industrial Age was based on a student’s ability to memorize 
facts. People who could suck up and regurgitate information on demand were highly 
regarded and rewarded. However, this kind of intellectual and informational bulimia 
does not adequately prepare a person for the Information and Communication Age 
that we live in. The day when all the information that existed could be stuffed into a 
person’s brain is long gone. As the amount of information continues to double, 
academic success will depend less and less on rote learning, and more and more on a 
student’s ability to process information and use it in a discerning manner. 
 
There will be a shift away from rote learning as the primary means of transmitting 
knowledge. This means that academic success will increasingly be equated with real 
learning rather than memorization. Whereas, in the old system, the emphasis was on 
getting students ready for tests, in the new emerging system, the emphasis will be 
primarily on applying what is learned, solving problems, and demonstrating the 
transfer of learning to new situations. Today, much information has a very short 
shelf life and therefore quickly becomes disposable. This implies that content 
specialization must give way to more general knowledge. In other words, as we shift 
from rote learning to more significant learning, we will witness a parallel shift from 
specialists to generalists who have the effective analytical processing skills needed 
to deal with such transient information. This means that our success in the future 
will not rely just on what we can remember, it will also rely on what we can perceive 
about the information we are working with, and how we can apply this to real world 
situations.  
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7. Education will not be confined to linear learning 
A society that is based on an assembly line model does not like starting in the 
middle. The logical sequence was from beginning to end. This was the only way to do 
things. Until the digital age, televisions reflected this philosophy. If there were 8 
channels, and you wanted to get to channel 3 from channel 7, you had to turn the dial 
through channels 4, 5 and 6 first. Channel 4 was only connected to channels 3 and 5, 
channel 5 was only connected to channels 4 and 6, channel 6 only to 5 and 7, and so 
on. Now that we have digital channel changers, we can jump directly from channel 3 
to 7 and back again without ever having to go through the other channels in between. 
As a result, every channel is directly connected to every other channel, just like 
information systems and the World Wide Web allow virtually any idea to be directly 
connected to any other idea.  
 
Linear learning is compatible with the assembly line model. Learning is done left to 
right, top to bottom, beginning to end. This is a lineal, logical, sequential model. With 
the introduction of new technologies, however, the learner can start an information 
expedition in the middle of the material and move backwards or forwards through 
the information as needed. As technology creates an interconnected world, people 
can construct their own learning webs and personal pathways. They can learn what 
they need, when they need it, without the interference of unnecessary and 
irrelevant information. As education and technology visionary Dr. David Thornburg 
says, “people will be able to move through conceptual space at the speed of thought.” 
 
8. Education will not be confined to the intellectual elite 
Until recently, the real power in our country was in the hands of the “literati” – the 
people of paper. Increasingly, that power has been transferred to the “clickerati, 
mouserati and digerati” – people such as Microsoft’s Bill Gates, the too many billion 
to count man. This is because they have developed smart devices that bridge the gap 
between humans and technology. As a result, technology has become the great 
equalizer, allowing, as David Thornburg says, ordinary people to do extraordinary 
things. People who understand how to use the Internet can become ad hoc specialists 
in any field, because they have access to high-level information. That information 
can theoretically give them a postgraduate degree level of information in any field. 
The technology also puts unprecedented power into the hands of ordinary people. 
For example, a home-based business owner using multimedia-publishing technology 
combined with the most up-to-date information from the World Wide Web could 
develop proposals and presentations that could rival anything produced by major 
corporations.  
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Technology has changed the way we view the intellectual elite and has lead to what 
George Lucas calls a generational shift in the concept of being “disabled.” 
Technology has allowed people with physical and mental challenges to work and 
produce in ways that we have never before imagined – empowering them to rise 
above their disabilities. In the future, it’s possible that the definition of disability 
will reflect a person’s ability to interact with technology. As a result, people with 
visible handicaps who embrace technology will no longer be considered disabled. 
Instead, we will have to deal with the newly disabled – those who are technologically 
impaired – those who are unable to learn or unwilling to change as the world changes 
around them. As a result, our fearless prediction is that in the earliest part of the 
21st Century, it is likely that we will view those who are media illiterate, 
informationally illiterate or technologically illiterate the same way we view people 
now who cannot read or write the printed word.  
 
9. Education will not be confined to childhood 
In the past, when information had a much longer shelf life, learning was something 
that was done once in your youth. Then you were done with learning for life. In the 
“good old days,” what you learned in your youth prepared you for your single career. 
Today, learning has become a lifelong process. Given the rapidly changing nature of 
our world, people of all ages must constantly learn and relearn what they need to 
know, What they learned yesterday may no longer be valid in tomorrow’s world. 
Tomorrow, they will have to learn again, because today’s information will already be 
out of date. Embracing lifelong learning will be a personal and professional 
imperative for life in the 21st Century. 
 
10. Education will not be confined to controlling learners 
In the industrial era, the traditional educational mindset used a predetermined, 
predefined, generic cookie-cutter curriculum, which lead to a “one-size-fits-all” 
approach to learning. Unfortunately, this approach did not work for many people. 
Using this perspective, we thought there must be something wrong with the people 
who didn’t fit the system. Today we understand that we must customize the learning 
to the individual, because different people learn in different ways and at different 
rates. 
 
Given the traditional approach of controlling learners within a defined environment, 
educators have had to become fire fighters managing the blaze and maintaining the 
perimeter. In doing so, some people have suggested that educators have become 
overzealous, and, in some cases, extinguishing students’ love of learning completely. 
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Educators must abandon this fire fighting mentality. Instead, in this new era, our 
job should be to become arsonists, creating a roaring blaze of passion for learning in 
all of our students that will sustain itself not just until the next class or term, but 
for a lifetime. Learning can no longer be confined to controlling learners. It needs to 
become a lifelong empowerment process and technology can help create the 
customized learning experiences that have personal relevance for students.  
 
Now that we have an idea of the impact that technology will have on our current 
school system, let’s now turn our attention to the skills, knowledge, understanding, 
and behaviors that students will need to develop in order to function effectively in 
this new environment of the 21st Century.  
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WINDOW IV: REDEFINING LEARNING 
 
Powerful global will force us to redefine education. It’s not here yet but it’s coming. We 
are looking at changes of enormous magnitude that will occur so quickly. We must make 
massive preparations right now. We can’t just wait ’til it happens  
 
What skills will the graduating classes of the early 21st Century need in order not 
just to survive but to thrive in this environment of accelerating technologically 
driven change? We already understand that because the processing power and 
speeds of technologies are doubling at incredible rates, anywhere, anytime, 
access to information will soon be at our fingertips. This suggests that the new 
curriculum for the new era will have to make a fundamental shift away from a 
focus on content-driven learning, to a far more process-oriented form. As a 
result, content knowledge will increasingly take a back seat to process skills in 
student learning. In the future, the skill of learning itself will become the crucial 
process skill needed for survival. 
 
What skills that we already teach will remain? It should be of no surprise that 
the 3Rs – reading, writing and arithmetic – will continue to be central to all 
student learning. This is because they are the essential process skills in a world 
that is more than ever driven by text and numerical data. Stop for a moment and 
consider what we really teach when we teach students to read. Do we teach a 
student to read a single document or do we teach them the process of reading so 
they can go on and read material we never dreamed of when we began? The 
process skill of reading we develop in children will be put to use in the future 
reading things we can hardly imagine today. The writing process skills we teach 
them today will be used to write things well beyond our current comprehension. 
The math process skills we introduce to our students will allow them to compute 
well beyond our present capabilities. Process skills empower a person to become 
independent from their teacher. Process skills last a lifetime. The 3 skills of 
reading, writing, and arithmetic are, and will remain, the basic process skills 
needed by all of our students. However, these in and of themselves will not be 
enough. We must add at least 9 more process skills to the learning experience of 
all students. These include: 
 
1. Problem solving and critical thinking 
This set of process skills must be the foundation of all curriculums. The 
traditional, Industrial Age education was designed to teach people to follow 
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directions in order to fit into the stable, assembly-line world. Traditional 
curriculum focuses far less on problem solving and more on simple recall. This 
approach simply cannot foster the essential problem solving and process skills 
needed in a world of constant change. As a result, too many of today’s students 
suffer from “worksheet-itis.” To prepare people for the new Information and 
Communication Ages, we must teach them to think for themselves. 
 
Our key responsibility to our graduates is to send them into the world adequately 
prepared to live and work there. To do this, we must understand the needs of the 
labor market. Employers constantly comment on the inability of young people to 
think through the solution to a problem on their own. They complain that young 
workers wait to be told what to do. Just like fish out of water, young people 
working at their first jobs have moved from the predictable, controlled, and 
unchanging environment of school to the unpredictable, uncontrolled, rapidly 
changing environment of the workplace. This is a world where thinking on one’s 
feet, solving problems independently, and producing results daily are critical. Is it 
little wonder that they feel lost? 
 
But how do we address this concern? First, students should be presented with a 
real-life problem at their level of development and understanding. But most 
important, students need to be equipped with a systematic, structured process to 
follow that will enable them to successfully solve problems, regardless of the 
content area. The process Ted has developed for his students is called the 4Ds. 
It is based on the structured thought process found in systems analysis and 
design and it has proven to be effective in virtually every area of human 
endeavor. This process involves 4 distinct steps, which lead to effective solutions 
to problems. The 4 steps are:  
 
i) Define 
Students must be taught to define a task so that the problem is fully understood 
before work begins. How many times have you seen someone waste time working 
on the wrong task? Thus, it is imperative that students learn to clearly define 
the task to be done and then confirm their understanding before proceeding any 
further. This is a valuable life skill. In addition, by turning the responsibility for 
defining a task over to the students, we force them to use a variety of higher-
level thinking skills as they determine what needs to be done. 
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In the traditional approach to instruction, teachers do the defining and designing 
work for their students. Assignments are often presented as something already 
half-finished, with the questions and the directions for finding the solution 
already in place. This fosters and maintains a culture of student dependency on 
the teacher to provide the appropriate materials and information. The real world 
simply doesn’t work this way and by teaching in this manner, we prevent students 
from learning to think independently.  
 
ii) Design  
Once a problem has been defined, students must then design a solution. Often 
this will require students to learn new skills or acquire new information to be able 
to successfully accomplish the task to be done. The goal in this step is to have 
the students themselves determine what they need to learn to accomplish the 
task they have been given. This is a key in fostering independent thinking in 
students. They will not be able to depend on teachers when they enter the 
workplace so we need to begin giving the responsibility for learning over to them 
before they leave us. This means new roles for teachers. If the students are 
given the job of determining what needs to be learned to accomplish the task 
they have been given, it becomes the job of the teacher to craft the problems 
that lead students into the material in the curriculum that needs to be covered. 
It also means that teachers become guides who point students in the right 
direction after they have determined what they need to learn. 
 
iii) Do (Develop) 
Once a problem has been defined and a plan for its solution has been designed, 
students must then put the plan into action. This could mean participating in a 
debate, writing a story, building a desk, writing an essay, baking a cake, doing an 
experiment, or creating a multimedia presentation. Whatever the task, the 
students must apply the learning that took place in the design step to do some 
real work. 
 
iv) Debrief 
This is a step that is often overlooked in education. However, determining 
whether or not you have actually accomplished what you set out to do is an 
essential part of learning. It provides useful feedback that helps students to do 
better next time. Continual feedback and performance reviews are just 2 
examples of how the Debrief step is built into the procedures of many businesses 
that are striving for excellence from their employees. It is critical that students 
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get feedback on both the product they have developed as well as the process 
they followed in creating it if we want them to get used to the environment of 
continual improvement they will surely face upon graduation. 
 
It is critical that the learning in every stage of the 4Ds approach involve real 
world relevance. Students quickly see the worth in applying their problem solving 
skills to real world tasks. This fosters ownership of the problem solving process 
and leads to a culture of autonomy. Repeated and systematic application of the 
4Ds empowers independent thinkers. When students are consistently taught to 
learn through this problem solving approach, they enter the real world knowing 
what to do when they encounter the problems they are certain to face. 
 
While we cannot expect students in Kindergarten to have this set of skills, it’s 
reasonable to expect them from all students by the time they reach Grade 12. 
Developing this set of process skills should be a curriculum goal applied through a 
combination of repeated practice together with a policy of progressive 
withdrawal. Using this approach, teachers first walk younger students through 
the process step by step. But as students get more experienced in applying the 
4Ds to problem solving, teachers progressively withdraw from supporting 
students, expecting them to do more and more of the work independently. By the 
time these students reach Grade 12, they should have the necessary skills to 
allow them to work through real life problems independent of their teachers. 
 
As we mentioned, graduates of the traditional school system find themselves 
steeped in a culture of dependency. From Kindergarten to Grade 12, they have 
been in a system that has reinforced the idea that content and memorization 
taught by rote learning is more important than thinking itself. When we take this 
system away from our students at graduation, we shouldn’t be surprised to see 
they are not able to stand on their own. As we begin to make the transition from 
traditional teaching methods to a problem solving approach for all students, we 
must learn to gradually let go. It’s like watching small children learning to walk. 
They fall often, but eventually they are able to move around on their own. When 
it comes to these problem solving process skills, we must equip students with an 
understanding of the 4D approach and then let go of them so they can fall and 
make mistakes. In that way, we can provide guidance and feedback to help 
students become better problem solvers while they are still with us.  
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2. Communication skills 
Communication skills are vital for survival in the 21st Century. Reading and writing 
are the 2 essential communication skills that have long been the cornerstone of 
the traditional education system. However, in today’s emerging Communication 
Age, being able to speak and listen are just as important, if not more so. As the 
member of a family, while in the community, or working in a business, what do we 
do more of – reading and writing, or speaking and listening?  
 
Clearly, it’s the latter. In a typical day, the average person will speak 18,000 
words, which is the equivalent of a 54-page book daily. Yet in schools, we focus 
our instruction on reading and writing skills. The skills we use most in everyday 
life (speaking and listening) are the skills that are taught least. While these 
comments should not be interpreted as diminishing the value of reading and 
writing, it should also be clear that teaching students the necessary skills for 
effective speaking and listening are as essential as those of reading and writing, 
and that these skills must be explicitly taught at all grades and in all subject 
areas.  
 
3. Technical reading and writing 
Technical reading and writing involves a fundamentally different cognitive 
process that requires a very different set of skills than those used for literary 
reading and writing. Literary reading as compared to technical reading is the 
difference between reading a novel or poem and reading a computer screen or 
technical manual. Literary writing as compared to technical writing is the 
difference between writing an essay about plot development in Hamlet and 
writing a set of technical instructions for programming a VCR to record a 
program while the owner is out of the house. Technical reading and writing was 
once considered to be solely the domain of technicians and related wireheads, a 
job they didn’t do all that well, by the way. However, given the amount of 
technology in our world, technical reading and writing has now become a process 
skill that everyone must be expected to master. With the constant doubling in 
the power of technology combined with the exponential growth of information we 
can expect to experience in our lifetimes, we must be able to deal with new 
technical issues and ideas as they appear. More frequently, we must be able to 
work with new technologies, teaching both our co-workers and ourselves the 
things that we need to know. 
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Literary reading and writing skills are, and will continue to be important to the 
learning process. However, equal weight must be given to technical reading and 
writing skills as they apply to the curriculum. It’s not a question of allowing 
students to choose whether they prefer reading novels or software manuals 
because this is not an either/or situation. Both sets of skills will be absolutely 
necessary. For this to happen, technical reading and writing must not be taught in 
isolation to ensure that all people are equipped for success in the modern 
technical world. These are skills that must be taught at the highest level of 
integration in all subject areas and at all grade levels.  
 
4. Applied technical reasoning skills 
Again, stop for a moment and ask yourself this: what do you think will happen over 
the course of the next few years – will there be less technology or more 
technology in our lives? While many people wish the answer were less, it is a 
certainty that there will be lots more. If this is so, then applied technical 
reasoning skills will undoubtedly be essential skills to teach students to prepare 
them for our increasingly technological world. 
 
So just what do we mean by technical reasoning skills? People with technical 
reasoning skills understand more than just how something works – they can apply 
their understanding to real world situations. For example, they can apply 
theoretical science and mathematics to real world problems to come up with 
solutions to real world problems. It’s not necessarily about everyone becoming a 
scientist – it about everyone being scientifically literate. In the same way, they 
can apply statistics, logic and probability to a variety of real life, real time 
situations, and feel comfortable using statistical numerical systems. Here again, 
it’s less about becoming a mathematician that it is about them becoming 
mathematically literate in the most common application of mathematics in 
everyday life. In addition, they are confident they can learn whatever technical 
knowledge they don’t have, because they possess the process skills, which allow 
them to quickly learn what is necessary. More than anything else, they can apply 
what they know to do real work.  
 
While in much of the rest of the industrialized world, the term “applied” refers 
to applying theory to real life situations, in North America “applied” has long been 
a euphemism for “easier.” In the minds of many educators, the term applied 
refers to a set of lower level skills taught to less able students. The problem 
with this perspective is that it is extremely difficult to apply something you don’t 
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understand. In reality, application is a higher level thinking skill than just learning 
theory. For example, in Bloom’s Taxonomy of Higher Order Thinking Skills, 
application is considered to be a higher skill than simply knowing facts. It’s hard 
to actually apply something we don’t know or understand. 
 
One way to help students develop applied reasoning skills is to engage them in 
hands-on learning experiences involving technology. While it would be wonderful 
for our students to have access to state-of-the-art, high-end technology, we can 
provide them the same or similar experiences with solutions that are far more 
“low tech” in nature. Technology is far more than computers. Further, a great 
many technology concepts can be taught using fairly basic equipment like phones 
and blenders. However, we must not stop there. If we want our students to be 
prepared for the real world of today, we must have a progression in our 
curriculum that moves from focusing on individual tools to examining systems. 
The Industrial Age mind set broke life down into individual items and then 
focused on them. What we want our students to grasp now is the interconnected, 
interdependent nature of how things function in real settings. There are a great 
many resources in the community that can help us do this. For example, ask your 
local telephone company to donate old telephones and have your students put 
them together to learn about electricity and electronics; ask a local technician to 
show students how to disassemble a VCR or clock radio; or take your students on 
a tour of the local electrical plant, water purification system, or telephone 
switching station.  
 
As things stand, the whole realm of logic, probability and statistics gets very 
little attention in the traditional curriculum. This clearly has to change, and 
change quickly because these skills are going to play an increasingly important 
role in our lives. And like critical thinking and problem solving, communication 
skills, and technical reading and writing, these skills need to be taught at the 
applied rather than just the theoretical level. Why? Anyone who took algebra or 
trigonometry in high school or university understands that if you don’t apply it, 
you lose the ability to do it. How many of you could pass the algebra or trig test 
you took way back when? Exactly!  
 
5. Information fluency 
Consider what comes into our homes these days. In March 2005, Business Week 
reported that almost 98 percent of homes in America today have a color 
television, 97 percent have a radio, 96 percent have a telephone, and in addition, 
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increasingly homes have access to cable and the World Wide Web. Add to these 
all of the print-based information in newspapers, magazines, journals, etc., and it 
can easily be seen that we are bombarded with information. And yet sadly, it’s 
estimated today than only 94% of homes in America have a flush toilet. You 
understand that this means that there’s more crap coming into our homes than 
going out. However, much, if not most of the material that inundates us has any 
significance attached to it. We actually live in the age of a raw data explosion, 
rather than an age of the explosion of information. For it to truly inform us, we 
need to be able to see the importance of the data we receive.  
 
In times such as these, the ability to manage and work with information is quickly 
becoming a survival skill. Those who are not able to manage the flow inevitably 
end up suffering from information overwhelm and exhaustion. As Richard Wurman 
indicates in his book, “Information Anxiety,” like someone forced to drink water 
from a gushing fire hydrant, the sheer volume of information coming at us 
completely engulfs us. When this happens, information becomes ineffective, even 
useless. When we are unable to make sense of the data we are drowning in, it is 
extremely difficult to get beyond the data to knowledge. In the Information Age, 
we all need the ability to find and apply significant information. The toughest 
part is being able to differentiate the important from the unimportant bits of 
data. People don’t just need to know what the data says – they need to 
understand its impact and significance so it can become information. 
 
How do we do this? The answer lies in acquiring a complete set of information 
literacy skills with which to access, analyze, authenticate, and apply the 
information so that we can turn it into useful, personal knowledge. It is critical 
that we equip students growing up in this world of data explosion with these 
skills. The first step is to teach them how to systematically integrate strategic 
and logical question asking and search techniques into their daily information 
retrieval activities. Students must learn that it’s the quality of the questions 
they ask that determine the quality of their research. In doing this, students 
begin to understand the importance of moving beyond just getting the right 
answers to being able to ask the right questions.  
 
Obviously in the modern world, students must learn to transparently access 
information from a variety of sources worldwide. They should be able to not only 
do research on the World Wide Web, but also through a wide selection of 
electronic and non-electronic resources. However, information literacy goes well 
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beyond asking where to get the information. It must also include asking how to 
organize and present the knowledge that is acquired. Students must consider the 
appropriate medium or media needed to present the material retrieved and 
processed for specific projects. The idea here is to make certain that they 
understand the wide variety of means through which they can communicate their 
learning. These might include audio and video clips, a verbal presentation or a 
debate, or a written essay that might include graphics to illustrate important 
points.  
 
It’s time that educators recognize that we live in an intensely graphical world, 
which makes the use of images, sounds, and video clips a basic part of the 
communication process. Educators have long known that the final step in the 
writing process is the presentation of material to the intended audience. 
Teachers in the elementary grades understand this and encourage their students 
to enhance the communication of their writing with pictures, color, and 
decoration. Unfortunately, much of this is lost as students progress into high 
school where the emphasis shifts almost exclusively to the writing itself. But the 
real world of modern information dissemination is a colorful multimedia 
experience where graphic design is used to enhance the communication of 
content. It is so much a part of how information is communicated today that 
people simply expect effective graphic design to be an integral part of what they 
read or view. The print and electronic media industries have recognized this 
expectation and have responded appropriately. It is time for educators to catch 
up, both in the learning materials they produce and the way we teach all students 
to communicate their ideas. An understanding of the principles of graphic design 
should be taught to all students as an integral part of the communication process. 
 
Understanding the power of graphic design in publishing, video, and multimedia 
communications must be a fundamental component of a student’s basic literacy 
education in the modern world, both for communicating ideas and for intelligently 
processing the messages being targeted at them. As students develop an 
understanding of the visual world and the principles of visual literacy, they can 
begin to recognize how information can be shaped to manipulate us. Tragically, far 
too many people don’t really understand how the increasingly graphical world they 
live in is being used to bias the messages they receive. 
 
We must acknowledge that the Information Age requires a new set of cognitive 
skills for information processing. Most adults are text and paper-trained. In 
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addition, we grew up in a world that was linear, logical, sequential, left to right, 
top to bottom, beginning to end. The new generation is light and sound trained. 
This is a world of hypertext, images, and sound where information can be 
processed like you’re in the center of a web – you can move forward, backward, or 
sideways at will. While we learned to think and write with ink and lead, students 
today need to learn to the think and write with electrons. This involves a 
fundamentally different cognitive process that compels us to redefine the true 
meaning of information literacy from the traditional text and still picture 
curriculum of our past to the multimedia world of the Information Age that has 
already engulfed us.  
 
6. Technology as a tool 
There is a widespread misconception that technology is a subject – that 
technology is a curriculum. This is absolutely wrong. The issue is not about 
teaching Microsoft Word, ClarisWorks or PowerPointlessness – it’s not even 
about the cards, cables, RAM or ROM, input or output issues that fascinate many. 
What it’s really about is using technology as a tool to help us be more productive. 
In fact, the term technology is misleading. It seems we only apply the term to 
those things that were invented after we were born. For example, we don’t call a 
refrigerator technology and spend hours pondering what refrigeration is doing to 
the nature of food. We don’t consider a piano as technology and wonder what it’s 
doing to the essence of music. The problem is that many of our generation can 
remember a time when much of the stuff that we are dealing with today didn’t 
exist. But for our children – for the Nintendo generation – there has never been 
a time in their lives where VCRs, CD players, satellites, cell phones, computers, 
and the Internet haven’t existed. It has always been there. If we’re having 
trouble dealing with it, it’s our problem... And it’s time for us to get over it and 
get on with things. We don’t ponder the pencil and wonder about how they got the 
lead in there. It’s transparent – unless the thing is broken or we can’t find it, we 
don’t dwell on the pencil, we focus on the task. This applies equally as well to the 
use of electronic technology in the learning process. 
 
For education, the central issue is about how technology can be organized around 
student learning, not how student learning can be organized around technology. 
We need to see technology as helping students think and communicate 
effectively. If a device can do something better, more efficiently, more 
accurately, or quicker than we can do it manually, why not use it? Isn’t that the 
true purpose of technology? It’s only when we learn to get beyond the tool and 
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begin to focus on the task that we will really be able to appreciate and 
understand the power of the device. People today use the technology of cars, 
electricity, and a multitude of other technologies to make our lives more pleasant 
and efficient. We’re not conscious of these things – we simply let the technology 
empower us to do much more than what we could do without it. Most of the time 
the technology we use is transparent. 
 
If new electronic technology will empower us to do much more than ever before, 
we must make a major shift in how we approach its use. We must learn to let go 
of the mechanical things technology can do for us and concentrate on the things 
that the technology cannot do. Many teachers find this sort of statement 
unnerving. This is because there is a great deal of concern expressed that 
students should not become too dependent on technology to do their spelling and 
basic arithmetic calculations. It is here, where technology begins to enter the 
cognitive realm, that it is making some of us uncomfortable. While it’s true that a 
student of the past may have been able to add, subtract, divide, and multiply 
better than a student will in the future, it’s also true that the student of the 
future will be able do these operations faster and more accurately using 
electronic technology. That’s because tomorrow’s students will not struggle with 
technology. Rather, they will allow it to empower them.  
 
Consider how students play video games. They are not concerned with how the 
joystick works, they use it intuitively. They focus instead on what the joystick 
does. In the same way, the focus with technology needs to shift from the tools to 
how the capabilities of these new tools will empower students to do new things. 
This will free them to go places that we never had the opportunity to go 
ourselves. In the years ahead, technology will not be the focus, but simply the 
vehicle that takes the student of the future farther than the student of the 
past could ever imagine.  
 
To begin this process, we must stop teaching things like keyboarding and word 
processing as separate subjects. These should be considered simply a part of the 
communications process and taught incidentally in the teaching of the writing 
process in Language Arts, Science, and Social Studies classes. As the use of 
technology becomes an ordinary part of our lives and the lives of our children, 
educators will find that the technology will become increasingly transparent, just 
like the pencil. All that will be left is for the student to focus on the task while 
the technology works in the background.  
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At the same time, educators must get over the idea that technology will replace 
them. Any teacher that can be replaced by a computer absolutely deserves to be 
because they just don’t get it. Simply stated, we could put a state-of-the-art 
device on the desk of every student, every teacher, every administrator, even 
every superintendent in every district in this nation, and if that’s all we did, the 
only thing that would change is the power bill would get a lot bigger. Without the 
vision and understanding of an inspired educator, little else of value would happen. 
Education is a human task that cannot be delegated solely to computers. While 
these new electronic tools have great power, we must not confuse the tool with 
the task because technology in and of itself, does not and cannot improve the 
human condition – only humans can improve the human condition. The critical 
question must be where and how we can best use the technology to help us on the 
road to knowledge. 
 
7. New personal skills 
Global competition, the doubling of technological power, and the explosion of 
information in the modern world has created an absolute economic pressure-
cooker for business and industry. No longer do we have the stability that was 
common even as little as 15 years ago. In an increasingly global economy where 
everything is directly connected to everything else, every time the yen, 
Eurodollar, mark or dollar changes value, business plans have to be completely 
reworked. This has lead to a rapid and dramatic change in the nature of the 
workplace. Companies based on being big and predictable are rapidly being 
replaced by organizations that are fast, flexible quick-change artists. This is 
reflected in today’s workplace. Dr. John Walsh from the University of Guelph 
reports that for every job created by a company of more than 100 employees, 
there are 17 jobs being created by companies with less than 8 employees. In such 
an environment, it is likely that many of today’s students will spend their lives 
working as digital entrepreneurs. However, we have seen only a hint of the 
enormous changes that are to come.  
 
One of the major reasons for the dramatic increase in the number of small 
companies in the economy is the amazing power that is now available to these 
businesses. Due to the tremendous gains in efficiency from electronic technology, 
Frank Koelsch in his book, “Infomedia Revolution,” has projected that in the next 
5 years we will see changes in productivity in the order of 1/2 by 2 by 3. This 
means that half as many people will be paid twice as much money to produce 3 
times as much value. Continual development of new and more powerful electronic 
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tools has made the business world an exciting, rapidly changing, and unstable 
environment.  
 
For workers, dealing with this ever-changing playing field where the balance of 
power is shifting quickly in favor of small business, it means that coping with 
ambiguity and fundamental uncertainty will become the norm. To survive, 
companies of the future will increasingly contract out large portions of their 
business. Trends like this tell us that as many as 80 percent of today’s 
kindergarten students will have to be their own employers. To survive, let alone 
thrive in such an environment, they will need to be equipped with a very different 
set of skills than that of the previous generation. 
 
First and foremost, this means that teaching students how to be independent will 
be a critical outcome that must guide educators as they prepare students for the 
rest of their lives. This will require a major shift in mind set as we embrace a 
whole new skill set that people will need for success in this new business 
environment. People who work as entrepreneurs must learn how to be self-
motivators, self-learners, and self-assessors. They will need to learn about such 
things as goal setting, time management, stress management, teamwork, self-
marketing, presentation making, financial management, negotiation skills and 21st 
Century communications skills. We will have to make a huge shift in emphasis in 
how and what we teach our students to make our instruction relevant in the 
modern, competitive world of powerful small business.  
 
8. New mind set skills 
As a result of these many changes, everyone will need to learn to live life like a 
quarterback and anticipate the future. Thus, we will need to develop strategies 
for passing this important mind set skill on to our students. Developing their 
intuition about where things are going will be critical, because learning won’t just 
be about learning new skills; it will also be about learning to let go of old skills 
that no longer work the way they once did. Getting rid of old, ineffective skills 
will help remove some of the barriers that might prevent us from seeing things 
from different perspectives. To do this requires students to practice the 
principles of organized abandonment and to learn how to undo their previous 
thinking, creating space for new ideas. If they can’t do this, they will have 
difficulty learning the new things they must learn in the short time they will have 
to learn them. 
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In the new millennium, experience won’t be as valuable as it used to be. The 
ability to adjust, adapt, and leverage what you know will matter as much as the 
experience you have gained. In fact, there are already managers today that look 
at long résumés with a critical eye because too much experience in one company 
or with one way of doing business may indicate that an individual has become 
married to a paradigm. It may mean a person is not as open to change, as they 
need to be. This is a complete inversion of the Industrial Age thinking that still 
pervades our society. Instead of staying the course and valuing the way we’ve 
always done it, now we need to be always on the hunt for new ideas that could 
reinvent our business or organization. In the words of Robert Kreigel, “if it ain’t 
broke, break it!” because in the fast paced competitive modern world, if we don’t, 
somebody else will.  
 
Now just stop for a moment and think what that means for equipping students 
with the right skills needed for continual success. Again, a major shift in how we 
approach this thing called education will be required. Students will need the mind 
set skills necessary for dealing with rapid change. We will need to instruct our 
students how to continually be thinking “outside the box.” As Tom Peters often 
says, this will mean teaching students how to understand and appreciate the value 
of crazy, stupid, completely off the wall ideas. If an idea seems crazy or stupid, 
it’s often because it’s outside our personal or company paradigm. We must learn 
to overcome our desire to immediately dismiss these ideas and give them careful 
consideration. Staying competitive often means coming up with crazy, non-linear 
ideas.  
 
We must help students develop their thinking and intuition skills, and encourage 
them to change their mindsets often. Using a different mindset unlocks a whole 
new way of thinking and seeing things. The contributions made to our world by 
the likes of Stephen Hawking and Albert Einstein began with a change of mindset. 
It was their new approach to a problem that was the key to their success. 
 
Understanding this, we need to appreciate the value of useful failure as a 
teaching tool. The essence of innovation is the pursuit of failure. Consequently, 
failing can be a good exercise, as long as it’s productive. In business today, the 
message is that if you don’t fail, then you aren’t succeeding. Learning from a 
mistake means we can move on and try something else that will work better. To 
understand this, we should take a lesson from the past. On December 31, 1879, 
Thomas Edison demonstrated his most famous invention – the first practical 
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incandescent electric lamp. But to get to that point, he had experienced hundreds 
of failures. When it was suggested by his assistant that he must feel like a 
failure, Edison replied by simply saying that he now knew hundreds of ways how 
not to make a light bulb. In the end, he was successful because he persisted and 
learned from his failures. We must now teach students today that failing can be a 
good thing. 
 
9. A beef stew curriculum 
In the earliest part of this century, Henry Ford used Eli Whitney’s principles of 
mass production to create the automobile assembly line. As we have already 
discussed, this resulted in workers being assigned to a task that they were 
expected to complete as quickly and accurately as they could, in a machine-like 
manner. Working within such a system, each worker was only responsible for his 
or her specific task. They were not expected to think or concern themselves with 
the bigger picture of what happened to the product before they received it, or 
after it left their hands. Concern about the finished product was left to the 15 
percent of the work force who made up the management of the company. These 
were the select few who were paid to use their mind rather than just their 
hands. The increased levels of productivity that resulted from the application of 
these principles were so astonishing that within a very short time, they were 
applied widely across all of society throughout North America, including the 
public school system.  
 
As a direct result of this decision, in very short order learning became 
compartmentalized and life began to be taught as a series of separate subjects. 
For a long time, this model worked as well in schools as it did on the production 
line. However, now at the beginning of the new millennium, we live in a 
fundamentally different world of work that long ago outgrew the principles of 
mass production. Yet, despite the fact that the world out there has radically 
changed, most schools continue to teach a meat and potatoes curriculum, where 
subjects are taught as separate courses using an assembly-line approach to move 
students along from one specialist to another when the bell rings. How many 
times have you heard a teacher say, “I don’t teach Math,” or “I only teach senior 
Chemistry,” or “It’s not my job to teach grammar”? These statements reflect the 
fact that the school system is still based on the Industrial Age premise of 
departmentalization. The school system is suffering from a hardening of the 
categories! While this worked very well many years ago, this approach is becoming 
increasingly irrelevant to the world of tomorrow. 
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What we understand now is that life cannot be fully understood if we just learn 
about meat and potatoes separately. Rather, life is a stew of interrelated 
experiences and can be much more fully understood with a holistic approach that 
makes the connections between what we have previously considered as separate 
disciplines. Students can sit in math class and have a math experience, but life is 
about far more than that. Rather, it’s about how the math of statistics, logic, 
probability, algebra, and trigonometry connects with music, science, art, social 
studies, English, and psychology. In the classrooms of tomorrow, it is likely that 
the math department will become a sphere of influence that exerts its impact to 
varying degrees on the various tasks and problems that students tackle in school. 
As a result, schools will have to move beyond just getting students ready for the 
next class, next unit, next term, or next year of a subject. We will have to 
embrace a much more holistic approach. 
 
Educators must understand the power of technology and information to 
transform everything they teach. They must be willing to accept the problems 
associated with paradigm paralysis and be willing to do something about it and 
they must begin by accepting the challenge of working on acquiring this new set 
of skills for themselves as well as for their students. Learning these new skills 
will enable educators to prepare young people for the changing world we must all 
face.  
 
The bottom line is that we must all discard the notion that schools can teach 
everything that all students will need to know in their lives. What we must all 
understand is that learning has now become a life long process of keeping abreast 
of change, of learning to learn. A world where it’s not just about earning a living, 
but about learning and relearning a living – it’s about learning today, learning 
tomorrow, and learning forever for both our students as well as ourselves!  
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WINDOW V: NEW VISIONS FOR TEACHING AND LEARNING 
 

There is nothing more difficult to take in hand, more perilous to 
conduct, or more uncertain in its success, than to take the lead in the 
introduction of a new order of things, because the innovator has for 
enemies all those who have done well under the old conditions, and 
lukewarm defenders in those who may do well under the new.  
 
Machiavelli, The Prince 
 

What are the mandates of public education? 
Put another way, what makes for a complete education?  
 
Essentially, we have two mandates. The first is the acculturation of the individual 
into society. It’s the passing on of the accumulated wisdom of the nation to the next 
generation through literature, poetry, history, geography, science, and mathematics. 
We want to develop students who have an appreciation of the aesthetic, the 
esoteric, the philosophical, the ethical and moral through art and music. What they 
learn will not necessarily be practical, but it should help them to become to become 
good citizens. 
 
Our second mandate 
Our second mandate is equally important to the first. It’s to prepare students to be 
productive members of society. Learning to work, working to learn, learning to be a 
good citizen through literature, poetry, history, geography, science, mathematics. 
We want to help them to become productive members of society who are able to 
contribute economically to the nation while also ensuring their own financial success. 
 
So how does the public think we’re doing? 
Based on watching the news, reading the newspaper and listening to politicians 
(Some whose most difficult three years of school were apparently grade 1 and whose 
senior year was grade 6) it’s my observation that despite NCLB that education 
continues to be under attack 
 
From who? 
Back to basic zealots 
Shortsighted politicians 
People with personal agendas 
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Drive-by critics 
The media 
All feeding off our seeming paralysis 
 
What’s really happening? 
Based on my research, it’s my belief, that despite public perception, and despite the 
incredible diversity that American schools face, that: 
 
IQ scores are up 
Graduation rates are up 
SAT scores are up 
Participation in specialized courses like AP is up 
 
But if this is the case, what’s the problem? 
Again based on my research, despite the issues of culture, race, and poverty this 
generation of student’s is the best educated students in the history of American 
schools. Yet there is still increasing pressure to change. 
 
Why is this happening? 
At the same time that they are the best educated, his group of students is also the 
least prepared for the world outside school – but how could this be? The answer is 
that based on what Friedman and Pink are telling us it’s that schools are operating on 
the wrong premise. We have the wrong mindset! Schools are based on Industrial Age 
thinking and the idea of scientific management developed by Frederick Winslow 
Taylor and popularized by Henry Ford.  
 
Scientific Management 
The principles of Scientific Management are based on the assumption that only the 
15-20% academically blessed needed the broad conceptual skills and that the rest 
needed to be trained to be blue-collar followers. This is an assembly line mindset 
that broke tasks into sub-tasks, which were performed by Specialists who didn’t 
need to know the big picture. They only needed to know their part - essentially they 
were expected to become machine-like 
 
This wasn’t just the mindset of the assembly line. How many have asked for help 
somewhere and gotten the response “It’s not my department.” This assembly line 
mindset is everywhere in Industrial Age life - banks - department stores - insurance 
companies - even schools. 
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So what were/are the skills that are valued in the assembly line mindset? 
Punctuality 
Obedience - the ability to follow orders 
Memorizing procedures 
Essentially don’t think - just do 
 
These are skills that were learned once but lasted a lifetime. Industrial Age schools 
mirrored the businesses of the time. 
 
From Agricultural to Industrial Thinking 
As we moved to urban Industrial life there was a need for a properly trained 
workforce. Schools modeled the assembly line in their approach to learning. They 
taught punctuality and rote memorization - the implicit message was “Don’t think - 
just do it.”  
 
What was the curriculum? 
Content based 
Informational and organizational  
Compartmentalization 
 
The students’ main job was to memorize content and follow orders. The teachers’ job 
to pass this mindset on to next generation. 
 
I was 25 when I became a teacher. So you might wonder how did I teach? I followed 
my role models - my own teachers as a student, my sponsor teachers as student 
teacher, my veteran colleagues on staff 
 
How did I do this? How did we teach? Both of us followed our role models. Listen 
closely and consider what skills are being valued.  
 
In particular - listen carefully to what I say and try to determine what skills I'm 
emphasizing? 
 
The full frontal lecture – a one act play 
Okay guys, let’s go. Let’s get moving along here. Where were you yesterday Tom?  
We have a lot to get through. I only have 5 periods to get through all this stuff on 
Japan. Come on guys - 7 minutes have already gone by. Hand in your homework 
please. Where’s your homework Patty? Did you forget it again? 
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Tony, please get your hands out of your pockets and take your feet off the desk. 
Mary, please get your stuff out. You’ll need to take notes Where’s your notebook? 
No you can’t borrow my pencil. 
 
Beverly, tell me what we were talking about last class. What do you mean you don’t 
remember? Look – come on folks - let’s go. I need you to take notes on the major 
towns, population, transport, industries, lifestyle and history of the Konsai region of 
Japan. You better write this down because you’ll need to remember it for the test.  
 
The Konsai regions of Japan has three major cities, Osaka, Kyoto and Kobe 
Osaka is the hub city. It has a population of 2,146,000. It’s a port and financial 
center and also heavy manufacturing.  
 
Kobe has a population of 1,875,000 people. It has copper smelters and is a major 
textile producer. Bill, did you write that down? We need to get through all this 
material for the test next Tuesday. Kobe is also port city - it’s the center for ship 
building in Japan. 
 
Kyoto has a population of 1,352,000. It’s a center of heavy industry. It’s known for 
its cultural heritage. In fact, during WW II, it was considered to be so rich in 
cultural heritage that the Allies made a conscious decision not to bomb it. A high-
speed railway connects the 3 cities together 
P 
Pardon me James? No you don’t have to write this all down if you don’t want, it’s 
entirely up to you. Yes, of course it counts. Yes you will have to know some of this 
for the test. Yes some of the information is in the book but not all the stuff I’m 
telling you. Jason, please settle down - this isn’t going to take that long. What do you 
mean Gail? Yes, of course this is relevant. Now don’t argue with me. What do you 
mean why? Because I said so - that’s why. Yes, there’s a written assignment -  
read Chapter 3 and do questions 1 - 7 from the end of the chapter. Yes, I will be 
marking it... yes of course it’s graded and it could be on the final.  
Do you recognize this approach?  
I affectionately call this the full frontal lecture model. Do you recognize this 
approach? What’s being valued here? What skills are being emphasized? Is it on 
problem solving?  
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No – the primary focus is delivery of content together with classroom management. 
The goal is to cover the material so kids can successfully write test 
 
Who is being active here? Who owns the problem? The teacher of course! 
What level of thinking is being valued – higher level or lower level? Lower level 
naturally. 
 
Does this approach occur in your school? Do you know anyone who is teaching this 
way? Is its use more common than is acknowledged? Are there differences between 
the frequency with which it’s taught at lower and higher grades? 
 
This is TTWWADI (That’s the Way We’ve Always Done It) 
I don’t know about you, but this is the way I was taught. Unconsciously it is my 
native language. Unconsciously it is my comfort zone. For many teachers, they have 
invested their lives in teaching this way because for the longest time, this is the way 
we were expected to teach. 
 
And speaking for myself, when push comes to shove, it’s very easy for me to 
unconsciously revert to this approach. It’s the rubber band and TTWWADI  
 
What else drives this?  
Parental expectations - the curriculum guide. The sense that we just have to cover 
it. It’s all about getting kids to the next class, the next grade, and the next level of 
education. It’s particularly built into the evaluative tools of system and the multiple 
levels of testing that students face - the test on Monday; the end of unit, end of 
term, end of year tests; the state and national exams.  
 
What’s really taught? 
The major focus is on content, on the explicit following of curriculum guides. If we 
look at it honestly, much of it is instruction in vacuum with little relevance to the 
real world. How do students respond? By asking questions such as “Why do we need 
to learn this?” or “Will this be on the test?” or “Does this count?” They don’t have to 
say anything. You can tell what they’re thinking from their body language.  
Why do students tolerate this? 
Primarily because they have to! We’re in control. What is taught and how it’s taught 
define the learning environment. This tends to create a sense of absolutes. It also 
rewards rote memorization and the regurgitation of the ‘right’ answers needed to 
pass the test. However, much more than content is learned. Students learn a 
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fundamental approach to life with the teacher as their role model who sends 
powerful explicit and implicit messages about how and what students will learn. 
 
So what’s the message? 
Read the book, take the notes, answer the questions, take the test - then forget it 
(teach, test, turf.) The teacher speaks and the student listens. The teacher 
initiates, the student reacts. The teacher is proactive and the student passive. 
Basically, the message is to follow orders, don’t think, just do it - and your opinions 
don’t matter.  
 
Where did this model come from? 
This culture of dependency is a perfect fit with the Industrial Age workplace and 
mindset. Accept the way things are, depend on a manager for decision making, solve 
problems by following instructions, and don’t think, just do the job. 
  
So what’s wrong with that? 
Don’t get me wrong – this model worked well for almost a 100 years. It was part of 
an educational system that was specifically designed to ensure that students would 
drop out. Why? Only the top 20% needed to move on, and there were lots of good 
paying, union protected jobs available for the rest. School was simply part of a 
bigger societal process. 
 
Not anymore 
Today, we live in a fundamentally different world. There has been a technologically 
driven transformation of the workplace, along with a proliferation of automation, 
robotics and information technologies. Yet many schools still haven’t changed. Many 
are still trying to uphold the fundamental tenets of the Industrial Age workplace 
that largely no longer exists.  
 
So what happens? 
What happens to students when they are taught this way for 12 months? What 
happens when this becomes the norm and students are taught this way for 13 years? 
Does it affect the way they think and the way they view the world? And if this is 
the only way they are taught, what’s in a student’s mental skill toolbox at 
graduation? What happens when he or she tries to use the toolbox? 
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This is the Industrial Age mindset 
Teachers as specialists. Students are products. The purpose not to actualize the full 
personal potential of each student. The purpose is to sort by intelligence with the 
top 15-20% - the academically blessed who will move on to college & ultimately 
management positions. Schools were very successful using this model for a long 
period of time. 
 
And when that happens, when that’s the case, it leads to resistance to change. 
Teachers have invested their lives acquiring the skills and resources needed to 
support this premise and have been successful for many years – now they’re being 
asked to change? 
 
Why? 
This is because the world has shifted to the Information Age. The only way I can 
put a change of this magnitude into perspective is to look at the last time a shift like 
this happened. This was the shift from Agricultural to Industrial Age. At the time, 
beast of burden agriculture was the norm. Much time, effort, money and 
infrastructure was in place to support this way of doing things 
 
But then a new age emerged 
Along comes mechanized agriculture in the form of the tractor. The tractor 
represented productivity gains so substantial they simply couldn’t be ignored. The 
result. In 1900 it took 85% of the American population to feed the country once. 
Today it takes only 2% of the population to feed the world three times over. 
 
This has a huge impact on people. Longstanding jobs disappeared. People were 
compelled to migrate to cities. 
 
So what happened to the skills of the Agricultural Age? 
Overnight a new set of skills and knowledges were needed for the new age. New 
industries appeared to support mechanized agriculture. What happened to all those 
who had invested heavily in beast of burden agriculture?  
 
It was change or die. Adapt or become irrelevant! 
Overnight new methods rendered old ineffective. This was very hard for many of 
that generation to accept because what was valued wasn’t valued anymore. It’s not 
that they had bad skills. They were just the wrong skills for the new mainstream of 
economic activity. 
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How did this affect our schools back then? 
The profound changes in society lead to new demands on schools. Schools were asked 
to shift gears to mirror the changing realities of the time. This meant a new 
curriculum – a new focus - new courses - new measures of accountability – new 
Sciences that were focused on the principles of Industrial Ag.e 
 
And now it’s happening again! 
Right out of left field we’ve had the unanticipated explosion of microelectronics into 
our lives. We’ve seen unprecedented advances in the exponential growth in power & 
productivity and InfoWhelm. The changes in last 10 years are greater than the last 
10,000 and the changes in next 5 years will absolutely dwarf the changes we’ve 
experienced to date. 
 
As Yogi Berra once said, this is déjà vu all over again. Dramatic productivity gains 
from new electronic tools are rendering Industrial Age tools and skills ineffective 
and irrelevant across all sectors of the economy. This has led to a new workplace and 
new global economy. We are making the shift to a new age again like we did before. 
When this happens, like before there’s tremendous pressure to change or run the 
risk of becoming irrelevant as new methods and new technologies render old ones 
obsolete.  
 
And like before, once again change is hard to accept. What was valued isn’t valued 
anymore. And those who don’t change tend to lag behind. This is the gap between the 
world of yesterday and the world of tomorrow - the world has already shifted gears, 
but schools have been very slow to change. 
 
Now once again there’s a gap between skills students need to operate in this world 
and what they’re getting from schools so schools are being asked to shift gears again 
and there is resistance again. 
 
The new workplace reality 
A look at the modern workplace is an opportunity to look through a window that many 
people haven’t seen. In the community where Ian lives is a large manufacturing 
company called Western Star. Western Star builds 16 wheel trucks and all terrain 
vehicles. They employ more than 5,000 people in 5 production facilities. Several 
years ago, in response to changing times, they abandoned the old ways and adopted 
the Toyota Manufacturing System model. Using this model, the production line is 
actually five parallel lines.  
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On the production line, orders reach and “pull” materials through the plant. If your 
customer doesn’t need a product, the company doesn’t produce it. Using the 
principles of zero-inventory and just in time delivery, the orders pull supplies into 
the production line. Suppliers deliver materials, typically within a 2-hour window. 
Trucks literally back up to the production line and off-load the necessary metal, 
plastic, hoses and other parts. 
 
In the plant, every worker has a customer. The welder’s customer is the framer; the 
framer’s customer is the painter. All of the workers work to keep their customers 
happy. To do this, they only produce materials when they are needed. That’s because 
wide-area networks and computer systems keep Western Star in close contact with 
both their suppliers and customers. Based on the day-by-day input they receive, 
they redesign the products and then reprogram the robots every night. If you build 
something and the design changes, the parts you have may not fit.  
 
This is an amazingly high tech environment. Robots and human labor work together 
side by side. When a problem is encountered on the production line, lights that are 
positioned on the production line start to flash and the production line slows or 
stops. At that point, all of the workers on the line - painters, welders, framers - all 
work to make decisions to solve the problem in real time. 
 
Meanwhile a clock tracks the amount of down time on the production line – that’s 
because bonuses are paid for production, not just for working. This is high-pressure 
work. And you may be surprised to learn that the workers absolutely love their work 
because they own the system. But to work here, the workers need a completely 
different set of skills than they needed than in the past. 
 
GenNext meets the new workplace 
Junior gets a job in such a production facility. The days of storehouses of inventory 
are gone forever. They just cost too much. Timing is everything. If supplies don’t 
make it in time, the whole production line may have to shut down. Junior works both 
independently and as part of team. His job is to deal with complex statistical 
numerical control systems in order to quickly load trucks in the correct sequence for 
delivery in a very narrow time frame. This is extremely high-pressure work.  
 
One day, Junior’s department has a problem. Suddenly there are an increasing 
number of complaints over missed and incorrect deliveries. There is trouble loading 
trucks on time and in the right sequence. Management asks for creative solutions to 
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the problem. The department manager turns to Junior for help and requests a 
definitive solution in the next 24 hours. 
 
How does Junior respond? 
If Junior is a product of Industrial Age thinking and systems, we have a serious 
problem. If he’s a product of the traditional school system, he’s been raised in a 
culture of dependency and probably has little if anything in his intellectual toolbox 
to help him solve the problem. That’s because the Industrial Age model never 
expected Junior to make important decisions. He was just expected to follow orders 
and take multiple-choice tests. So what does he do? He suffers immediate physical 
and mental paralysis followed by a strong desire to run away. 
 
Junior is a product of the system. In all likelihood he is a dependent, theoretical 
learner with few applied higher level thinking skills. Consequently, he’s generally 
paralyzed without specific direction because most of his learning has occurred in 
isolation. He doesn’t easily make connections between subject areas or disciplines. 
He has a fragmented, ready-fire-aim approach to problem solving. With little 
experience or self-confidence, he waits for instructions.  
 
Inevitably this leads to complaints from employers. While reading and writing is 
important to them, their number one complaint is that students wait to be told what 
to do. In business today, employers want workers that can hit the ground running 
because they do not have the time to teach them these skills.  
 
Thus, when Junior fails to respond to the situation, this inevitably leads to questions 
and complaints about what we teach. 
In today’s world, what do they want - what do they need? 
Business today wants independent problem solvers with good interpersonal skills who 
can function well in a team. They want people who view issues holistically and who can 
apply theory to real time, real life situations, and who demand excellence from 
themselves and their team. 
 
It is obvious teachers must teach a fundamentally different set of skills in a 
fundamentally different way. We need to systematically teach problem solving skills. 
We much teach both the theory and the application of theory to real world, real 
time situations. Willard Daggett tells us that applying is a higher order thinking skill 
because you can’t apply something until you first understand the theory behind the 
application of the skill. Today, the term ‘applied’ is as used as a euphemism for 
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’easier,’ ‘dumbed down,’ or for skills for slow students.  
 
How can we do this? 
How do we get beyond TTWWADI? What would the curriculum look like? Here is 
another one-act play – another approach – a 21st Century approach. Read carefully 
and consider what’s different. What skills are being valued here and how are they 
different from the skills that were valued in the last example? 

 
A 21st Century Approach 
Good morning class. Please hurry up and let’s get going. I‘ve got an interesting 
problem for you to solve this week, so the quicker I get out of your hair, the quicker 
you can get on with it. Usual groups please.  
 
Okay folks, let’s go. Each group has been given an outline of the problem, the 
resource guides, the self and group evaluation forms and the problem solving forms. 
They’re in the blue envelopes on your table. Your job for the next 5 periods is to 
become travel agents. Remember that in business today, it’s really competitive - it’s 
all about adding value to your services. The value you need to add is the 
informational service you provide in addition to the normal services of a travel agent. 
There are lots of travel agents out there - how do you gain a competitive edge other 
travel agents? 
 
Try to keep this in mind as you work through this problem You are about to get a 
phone call from Svenn Mikkelsen, the president of IT Pacific Shipping, they’re one 
of our biggest clients…  
 
Good morning – this is Svenn Mikkelsen at IT Pacific calling. We’re going to be 
sending 3 of our execs to the Kansai region of Japan 2 weeks from tomorrow. They 
will spending 2 nights each in the cities of Osaka, Kyoto, and Kobe where they will be 
looking for new business – we’ll provide you with the dates they‘ll need to be in each 
city. Now to prepare for the trip we’ll need travel costs and accommodations built 
into an itinerary 
 
We’ll also need to know the best way to get around while we’re over there The 
purpose of the trip is to explore the possibility of building a branch office in the 
are. 
 
Now remember we ship via containers on ocean freighters so we need your 
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recommendations for the best city to locate the office based on port & financial 
services 
 
Also, these folks have been working hard so we want you to build in 3 days of 
holidays for them during the trip - so any suggestions for popular tourist type 
activities would be most helpful - they happen to be history buffs - be sure to 
arrange some good holiday & rest & relaxation experiences. They‘ll definitely want to 
slip in some sightseeing if possible.  
 
They’d like to visit some religious & historical sites, see the government buildings, do 
a bit of shopping, try some different foods, and maybe see a cultural event or two. 
They’ve mentioned that they’d especially like to visit some places that Western 
tourists wouldn’t normally go 
 
No - thanks for the suggestion – IT Pacific will not pay for the trip to the Geisha 
house! (And no, it won’t help you or your group to get a better grade) 
 
Remember that we are very price sensitive so don’t even think about sending them 
first class!  
 
Yes, a Japanese hotel instead of a Western hotel would be just fine. Economy class 
is good! They’ll need a complete itinerary including information on the hotels, airfare, 
railways, travel costs, historical background, tourist destinations - the works. 
 
Now we will need a group of three of you to come and make a presentation to their 
board of directors next Tuesday. The presentation should focus on what you have 
found so they can make a quick decision for the trip, We’d also like you to leave some 
printed materials that they can examine after your presentation is over. Please keep 
track of your time and create a bill for your services as you normally do. We’re 
looking forward to seeing you next Tuesday. 
 
What’s different here? 
How is it different? Who owns the learning? Will the students discover the content 
covered in the previous lesson using the traditional teaching we watched previously? 
Will they discover the major economic activity in the cities? Will they learn that 
Kyoto was not bombed? Will they learn about the high-speed train system? Maybe.  
 
The difference here is that the content is learned within the context of a specific 
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problem to be solved, which allows for a greater probability of long term recall. 
Context is the key here because things are learned and taught. The learning is driven 
by the context of the problem. Students become the owners of their own learning as 
they deal with real world problems. 
 
At the same time, the teacher takes on the role of a customer or client. The teacher 
gives the problem while playing a relevant role and then sits down. Initially most 
students will sit there, waiting to be told what to do. The teacher, still role-playing, 
may now stand up and say “it’s worth 400 marks and it’s due on Monday – do you have 
any questions?” 
 
Handing over the task to the students fosters the personal ownership of the 
learning. It becomes the learner’s issue, not the teacher’s, and it provides role-
playing opportunities for people with little or no previous experience. 
 
The teacher’s task is to add value to the content and to add value to the experience 
by crafting problems that provide a framework on which to hang the information 
that must be learned, thus allowing the content to be learned in a far broader 
context. The teacher is the one who shapes the learning so the students interact 
with the structured process skills required to tackle such tasks. 
 
The key here is developing an engaging methodology – something that hooks the 
students. This is combined with pre-determined criteria in the form of a checklist 
of specs negotiated by both the teacher and the student that outlines precisely 
what students need to do and what mark they will get if they accomplish all of the 
criteria. 
 
And now here’s the critical question. When if kids are taught this way (even on a 
part-time basis?) If they forget the content, will anything else of substance remain 
behind after the fact? And the answer is it will be the process skills that have been 
learned within the context of a real time, real world problem or simulation of this 
problem.  
 
What’s being valued here? 
It’s the things needed for success - the 21st Century fluencies. It’s not stand-alone 
content. It’s content taught within the context of a defined process that’s used to 
solve real world problems. The context of the problem makes the content relevant so 
there is a far greater chance of long term recall of content when this approach is used. 



Windows on the Future: Thinking About Tomorrow Today  ©2007, The InfoSavvy Group 

  Page 182 of 219 

As an aside, using this model what is the role of technology in solving this problem. 
Is technology the focus? No! Will learners have to use technology to solve aspects 
of the problem? Yes! Will the students develop technology skills? Yes, but the 
difference here is that solving the problem provides the context for the learning so 
technology is nothing but an incidental but essential byproduct of the learning. The 
focus is on headware not hardware 
 
Giving them a real life problem fosters personal ownership of learning. The problem 
becomes their issue not ours plus it provides role-playing opportunities and gives the 
chance to play different roles to people with little or no previous  
experience in solving real world problems. 
 
The teacher’s task is to add value to the content and the experience. The teacher’s 
task is to craft problems that provide a framework on which to hang the information 
-he content - the standards - that must be learned but it allows that content to be 
learned from a far broader context. 
 
 
 
Learning is based on the 4 Ds of problem solving 
The process Ted has developed for his students is called the 4Ds. It is based on 
the structured thought process found in systems analysis and design, and it has 
proven to be effective in virtually every area of human endeavor. This process 
involves 4 distinct steps that lead to effective solutions to problems. The 
process begins with a carefully crafted problem. Well-designed problems 
generate questions. Questions lead to shifting ownership from the teacher to the 
students. Ownership leads to independent learning. Independent learning leads to 
a culture of autonomy. This process has 4 distinct steps 
 
i) Define 
Students must be taught to define a task so the problem is fully understood before 
the work begins. How many times have you seen someone waste time working on the 
wrong task? It is imperative that students learn to clearly define the task and then 
confirm their understanding before proceeding. This is a valuable life skill. In 
addition, by turning the responsibility for defining a task over to the students, we 
force them to use a variety of higher-level thinking skills as they determine what is 
to be done. 
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In the traditional approach to instruction, teachers do the defining and designing 
work for their students. Assignments are often presented as something already 
half-finished, with the questions and the directions for finding the solution already 
in place. This fosters and maintains a culture of student dependency on the teacher 
to provide the appropriate materials and information.  
 
There are three critical components in the define stage. First, students must 
properly define the task in specific performance terms before proceeding. 
Second, students must know how performance will evaluated - how they will be 
rewarded before they begin a task. My observation is that most kids have no idea 
how evaluation will be done when they start a task. Finally, the task and the 
evaluation terms must be confirmed before going any further. 
 
Who has power in this model? If the student want to have power over the 
teacher, all they have to do is get the teacher to sign of the student’s define.  
 
This is a real-world skill. You’d never agree to take a job before you signed a 
contract and discussed the terms of reference – how much you would make, what 
your responsibilities would be, how your performance would be evaluated. The 
real world simply doesn’t work this way.  
 
ii) Design  
Have you ever started a project without carefully thinking through the process? 
Creating a plan provides you with a guide as you work. Planning in advance 
prevents wasted effort and ensures a logical strategy for developing a realistic 
solution to a problem while at the same time allowing you to determine best way 
to do a task given the constraints of time & money. 
 
At the design stage everything is created twice. First you develop a mental 
picture of what it will look like then you actually do it. There are 2 types of 
learning that take place at this stage. First you need to determine what needs to 
be done and then you have to determine what skills will be needed to do it. 
 
Once a problem has been defined, students must then design a solution. First the 
actual project is outlined and all the critical steps are established before the work 
begins, which helps determine the workflow while at the same time providing 
measurable outcomes/benchmarks for each point of the project.  
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It’s important to emphasize that this is not just about asking the students to do 
their own thing. Sometimes it involves full frontal lecturing. The difference here is 
that the students are in control of their learning, 
 
Often this will require students to learn new skills or acquire new information to be 
able to successfully accomplish the task to be done. The goal in this step is to have 
the students themselves determine what they need to learn to accomplish the task 
they have been given. This is a key in fostering independent thinking in students. 
They will not be able to depend on teachers when they enter the workplace so we 
need to begin giving the responsibility for learning over to them before they leave 
us. This means new roles for teachers. If the students are given the job of 
determining what needs to be learned to accomplish the task they have been given, it 
becomes the job of the teacher to craft the problems that lead students into the 
material in the curriculum that needs to be covered. It also means that teachers 
become guides who point students in the right direction after they have determined 
what they need to learn. 
 
While the tools & resources might be same as in lecture-based class, the major 
difference is that the teacher waits for the students to ask them the questions. 
 
This is teaching lazy - this is progressive withdrawal - the responsibility is 
shifted onto the shoulders of the students where it belongs which ensures that 
the students will have to pay close attention and begins to build a bridge from 
traditional teaching to project based 21st Century learning. 
 
Students learn because they’ve asked for it. They’ve asked because they need 
information to complete the project. 
 
This approach presents very different challenges because there are a very 
different set of skills needed to complete a project than the skills that are 
needed to take a test. 
 
My yearlong goal is to teach nothing to my students that they don’t ask me to 
teach them. To only teach them what I’m asked to teach them. To teach lazy - to 
teach to subgroups - it doesn’t matter how they learn it - whether they learn 
from me, whether they learn from a world experience, from the Internet, or 
their parents - as long as they learn - and learn how to learn. 
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iii) Do (Develop) 
Once a problem has been defined and a plan for its solution has been designed, 
students must then put the plan into action. At the Do stage, the students apply 
what’s been learned to create an itinerary, dig a ditch, build a house, construct a 
bridge, write an essay, perform an experiment, make a presentation, create a 
sculpture, participate in a debate, write a story, build a desk, bake a cake, or 
creating a multimedia presentation.  
 
Whatever the task, the student must apply the learning that took place in the 
design step to do some real work - to create a product that communicates the 
results of their thought processes. It’s important to stress that this type of 
learning is not a linear process. There are always roadblocks. It’s very likely the 
learner will have to go back several times to the design step - that they will have 
to revise, get feedback, use observation, and reflection. 
 
This is exactly like the writing process, which is nothing more than a structured 
thought process, the same as 4D’s. Students (and teachers) must realize that 
product is still important - but to improve product you must also focus on process 
that creates it 
 
iv) Debrief 
This is a step that is often overlooked in education. However, determining whether 
or not you have actually accomplished what you set out to do is an essential part of 
learning. It provides useful feedback that helps students to do better next time. 
Continual feedback and performance reviews are just 2 examples of how the Debrief 
step is built into the procedures of many businesses that are striving for excellence 
from their employees. It is critical that students get feedback on both the product 
they have developed as well as the process they followed in creating it if we want 
them to get used to the environment of continual improvement they will surely face 
upon graduation. 
 
In the real world, the key to success is a focus on continual improvement - what 
we call CANI - constant and never ending improvement. In my opinion a continual 
evaluation of our work is something that is sadly missing in education today. 
Students shouldn’t be able to just hand it in and shift responsibility entirely to 
the teacher. Learning is a cyclical not lineal process - if the project doesn’t meet 
the stated goals at the Design step then back to Define & Design cycles again 
until the project is satisfactorily completed. 
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The major problem with our traditional model is that the teachers do all the 
evaluation. Plus the primary focus is on the end products of learning, not on the 
process of learning. Students get the idea that problem solving is a linear process 
that ends when they give a completed product to the teacher, whereupon the 
responsibility then shifts to teacher. 
 
In real life, the responsibility for work continues long after the production of the 
initial product is completed. It’s critical that we get students involved in the 
evaluation of their work as this fosters ownership and helps develop an essential 
real-world skill that is an every day part of the age of the entrepreneur. 
 
The debrief stage provides an opportunity to identify problems that have 
cropped up - to evaluate the entire project - to assess the end product in terms 
of original goals set out at the Design stage. 
 
What was learned, how was it learned, what were the challenges and obstacles 
that were encountered, how could product be improved next time? The teacher’s 
role is to simply validate what the students have done. And I have to emphasize, 
that this is more than just the end product.  
 
We must also get students to evaluate the process that was followed. Here are 
two examples: 
 
Two assignments are handed in. Both earn a grade of 89%. One student 
effectively spaced all of the work over the entire time frame while another 
student did all the work on the last two days.  
 
Although it’s a good product, the second one was created at great disruption to 
the student’s life. Although the product may be good, one student has a serious 
time management problem that would never be uncovered if the assessment was 
based only on the end product and not the process. 
 
A second example sees 2 assignments completed. Both receive a grade of 92%. 
However, one student spent 5 hours on the task, which is average while the other 
spent 27 hours to complete the same amount of work. One of these students has 
an efficiency problem. If the focus were just on the end product and not also the 
process, the real areas of weakness in one of the students would not be 
detected. 
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This new model requires a new role for the teacher. To move from being the sage 
on the stage to being the facilitator of learning. And it also requires a shift in 
the concept of evaluation. From the teacher having all the responsibility for 
assessment and evaluation to confirming that student's assessment is valid.  
 
My job as a teacher is no longer just to stand up in front of my students and 
show them how smart I am. My job is to help them understand how smart they 
can. My job is to teach lazy. My job is to shift the burden of responsibility for 
learning from me to them, where it belongs. 
 
The goal here is independence - the students should no longer need us when they 
leave the school system. 
 
And beyond this, there are new factors to consider- I give marks for Initiative, 
Independence, Problem Solving & Positive Attitude. As Tom Peters writes, “what 
gets measured, gets done - and conversely what doesn’t get measured doesn’t get 
done.” 
 
The missing link is the fundamental policy of progressive withdrawal. But 
progressive withdrawal can’t be invoked all at once. It’s like child learning to walk 
– we have to take baby steps at first. But if we want them to become independent 
thinkers and learners - if we want them to develop 21st Century fluency skills - 
we must stop solving problems for them. We must help them become problem 
solvers - this involves critical thinking, decision making, leadership, 
communication, organizational, negotiating, stress management, time management 
skills and all the rest. These skills are harder to teach but must persist because 
we are living in complex, exponential times. 
 
This means that our students must learn to deal with incomplete information. 
This means that they must move from problems with predetermined predictable 
solutions to problems with unpredictable solutions. 
 
And it is critical that the learning in every stage of the 4Ds approach involve real 
world relevance. Students quickly see the worth in applying their problem solving 
skills to real world tasks. This fosters ownership of the problem solving process 
and leads to a culture of autonomy. Repeated and systematic application of the 
4Ds empowers independent thinkers. When students are consistently taught to 
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learn through this problem solving approach, they enter the real world knowing 
what to do when they encounter the problems they are certain to face. 
 
While we cannot expect students in Kindergarten to have this set of skills, it’s 
reasonable to expect them from all students by the time they reach Grade 12. 
Developing this set of process skills should be a curriculum goal applied through a 
combination of repeated practice together with a policy of progressive withdrawal. 
Using this approach, teachers first walk younger students through the process step 
by step. But as students get more experienced in applying the 4Ds to problem 
solving, teachers progressively withdraw from supporting students, expecting them 
to do more and more of the work independently. By the time these students reach 
Grade 12, they should have the necessary skills to allow them to work through real 
life problems independent of their teachers. 
 
As we mentioned, graduates of the traditional school system find themselves 
steeped in a culture of dependency. From Kindergarten to Grade 12, they have been 
in a system that has reinforced the idea that content and memorization taught by 
rote learning is more important than thinking itself. When we take this system away 
from our students at graduation, we shouldn’t be surprised to see they are not able 
to stand on their own. As we begin to make the transition from traditional teaching 
methods to a problem solving approach for all students, we must learn to gradually 
let go. It’s like watching small children learning to walk. They fall often, but 
eventually they are able to move around on their own. When it comes to these 
problem solving process skills, we must equip students with an understanding of the 
4D approach and then let go of them so they can fall and make mistakes. In that 
way, we can provide guidance and feedback to help students become better problem 
solvers while they are still with us.  
 
Role-playing is a critical element of this model 
It’s a process that can be applied across all human endeavors. How did you get 
better at anything? By practicing it! And if we want students to be ready for modern 
workplace, curriculum, we must have real world links. 
 
Plus they need the chance to fail. In the book “In Search of Excellence” by Peters 
and Waterman they wrote that the essence of innovation is the pursuit of failure. 
That there is no success without failure, there is no big success without big failure – 
that failing is good. 
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We have fall to learn. In school we hold tight. Students need the chance to fall while 
they’re still with us - it’s like a skinned knee - failure is not a crime - only failure to 
learn from failure is a crime. 
 
A friendly warning 
Because of our personal experiences, if it hasn’t happened already, this model will be 
highly disorienting for you at first. You’ll feel like you’ve lost control. Don’t worry - 
the idea that we have control is only an illusion anyway. You can’t have students 
become independent without letting go and losing some control. Anyone who has 
teenagers knows exactly what I mean. As parent it’s hard to let go, but you know you 
have to.  
You’ll need time to think about the concepts, to tinker with ideas, and to properly 
reflect and prepare for a move to this model. If you jump into this overnight without 
adequately preparing your students, this approach is guaranteed to fail. Your 
students & your colleagues will be equally frustrated. This especially applies at the 
high school level where students have finally figured out how school works based on 
years of experience. High school students will be incredibly thrown off balance if 
the rules are suddenly changed. 
 
But here’s the big question: 
 
What would happen if... 
What would happen if students were taught like this for 12 months? What would 
happen if they were taught like this for 13 years? What if this was the norm? And 
what different skills would be in their skills toolbox at graduation if they were 
taught this way? And how can we get beyond TTWWADI? (That’s the Way We’ve 
Always Done It) 
 
Transcendental teachers at work 
Transcendental teachers use a structured approach; they teach the 4Ds of problem 
solving (Define, Design, Develop, Debrief) and the 5As of information fluency: 
(Asking the right questions, Accessing the data, Analyzing and authenticating the 
information, Applying what has been learned, and Assessing both the process and the 
product.) For more details on the 5As see the It’s Not the Internet, It’s the 
Information and Born to Be Wired handouts at http://www.ianjukes.com as well for 
sections from the NetSavvy: Building Information Literacy in the Classroom book. 
These principals are used as the foundation for all learning. 
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What are the characteristics of teachers who teach this way? 
Transcendental teachers teach students to work with incomplete information 
incrementally; they progressively introduce informational disorder and uncertainty 
as the norm. They model interpretation and extrapolation of information from a 
variety of sources; they walk what they talk, rejecting strategies that inhibits 
creativity and individuality or promotes a culture of dependence. Transcendental 
teachers consistently use the strategy of progressive withdrawal to create a culture 
of autonomy. They distinguish between covering and learning curriculum - they 
practice the poorly rule which states that “if it’s worth doing, it’s worth doing poorly 
in the beginning” - they encourage productive or useful failure and model the 
independent thinking, problem solving and information fluency skills that they want 
their students to develop. Transcendental teachers understand that kids do what 
you do, not what you say; and in particular, they understand that what’s modeled by 
the teacher carries powerful implicit messages. Such teachers work to shift 
ownership/responsibility of learning to their students by explaining the relevancy of 
what is being taught by providing materials in the classroom that reflect the real 
world. How do they make all this happen in their classrooms? 
 
The Seven Layers of Learning 
Transcendental teachers make connections to the 7 layers of learning. The 7 layers 
are: 
• to content 
• to process skills  
• to tool (technological) competencies 
• to real life/world/career/workplace situations  
• to communities and community resources 
• to parents  
• to qualitative and quantitative assessment 
 
An Elementary Example 
Scenario: I have owned a pet shop for many years and made a small fortune selling 
cats and rate, dogs and frogs, guppies and puppies …you get the picture. But I’m an 
over the horizon thinker and I’m beginning to realize that the real money is in exotic 
pets. I’m putting a proposal out for tender to several groups in my class. I have now 
hired you as consultants, and I need you to come back in 7 days with 
recommendations at to how I should expand my pet shop and turn it into an exotic 
pet shop. You will need to create an expansion budget as well operational budget. You 
need to advise me as to what types of creatures I should be adding to my store – 
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and if you recommend spitting cobras, or Komodo dragons, or giraffes, or elephants 
or whatever, you need to in each case be able to tell me how much they will cost, 
what will be needed to house them, what will be needed to take care of them, to 
feed them – and are there any special considerations that need to be taken into 
account? Applying the 4Ds and the 7 layers, let’s ask some questions? 
 
(Please note: We only have room for a quick overview here – for complete details, 
check out the recommended resources provided below) 
 
Are there content connections? 
1. Science – characteristics of different animal – behavior – handling… 
2. Math - calculating living area, feed requirements, estimating expansion and 

operating budget… 
3. English - writing reports, communication skills, writing proposals… 
4. Could you and your students make connections to other areas SS, Music, Art, 

Home Economics, PE…?  
 
Do they learn processes? 
Could critical information processing, critical thinking, decision making and problem 
solving opportunities be introduced in a structured manner? 
1. critical thinking  
2. problem solving 
3. decision making 
4. information literacy 
5. technical reading 
6. technical writing 
7. working in teams 
8. learning in teams 
9. other process skills? 
 
Do they learn how to use tools (notice we didn’t say technology)? 
Is the use of the tools contextualized, with a focus on the task rather than just the 
tool, so that learning about the technology is just an incidental but essential by-
product of the learning? 
1. could they learn how to use a tape recorder, not to learn the tool, but to use for 

interviews? 
2. could they use a video camera to collect information? 
3. could they use a network, CD, Explore, e-mail or other software for research? 
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4. could they use Word for report writing? 
5. could they use PowerPoint or Keynote for presentations? 
6. could they use Excel to create budgets? 
7. any other software that might work? 
 
Are there workplace connections? 
Who in your community could you call on to provide additional expertise above and 
beyond that held by the teacher? Could you contact and work with: 
1. pet store owners 
2. veterinarians 
3. accountants 
4. contractors 
5. builders 
6. how about the virtual experts available on-line?  
7. how about one or more of the more than 1400 virtual zoos or 300 virtual 

aquariums? 
8. how about on-line societies such as the World Wildlife Foundation or 

Greenpeace? 
 
Are there community connections? 
Who in your community has a vested interest in the fact that you are considering 
bringing spitting cobras into town? Could you contact and work with: 
1. city government – bylaw enforcement 
2. other that are competition or partners to your businesses 
3. the media 
4. senior citizens 
5. community activists 
6. humane societies 
7. animal rights organizations 
 
Are there connections between home and school? 
How can we go beyond just informing and communicating with our parents about what 
is being studied in school? 
1. could we gain access to personal expertise from parents and specialist contacts 

they might have 
2. could parents provide structured guidance with practice in interviewing, doing 

research and making oral presentations 
3. are there ways to extend the learning beyond the traditional 9 to 3 
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How about assessment? 
1. is it project-based? 
2. does it allow for contextualized learning? 
3. is there a means of authentically assessing learning? 
4. is there a means for summative, formative, qualitative, and/or quantitative, 

measurements of learning that would align with state standards? 
 
A critical question 
If they forget content, will anything else of substance be learned? And the answer 
is the process and problem solving skills that have been learned by applying content 
within context of real time, real world tasks 
 
A Secondary Example 
Scenario: I live in a town that has been growing dramatically for the past several 
years. In fact, it has grown so quickly that the existing water system has been 
completely overwhelmed. A bond has just been passed to upgrade the current water 
system but it will be 3 to 5 years before this will take place. I have hired groups of 
students in my class as consultants. Their task is to create a presentation for City 
Council outlining an interim plan to manage the existing water supply while 
effectively informing the community of the current situation and the steps they 
need to take in the meantime to conserve the existing water supply until the new 
system is in place. 
 
(Please note: We only have room for a quick overview here – for complete details, 
check out the recommended resources provided below) 
 
Are there content connections? 
1. Physics - creating water pressure 
2. Biology - controlling water quality, protecting the existing water table 
3. Math - calculating water volume and flow 
4. English - creating effective information pamphlets, writing reports and proposals, 

making presentations 
5. Social Studies, Music, Art, PE... 
6. Could connections be made to other areas SS, Music, Art, Home Economics, PE…?  
 
Do they learn processes? 
Could critical information processing, critical thinking, decision making and problem 



Windows on the Future: Thinking About Tomorrow Today  ©2007, The InfoSavvy Group 

  Page 194 of 219 

solving opportunities be introduced in a structured manner? 
1. critical thinking, problem solving, decision making skills 
2. research skills 
3. information analysis 
4. speaking and listening  
5. technical reading and writing 
6. working and learning in teams 
7. other process skills? 
 
Do they learn how to use tools (notice we didn’t say technology) 
Is the use of the tools contextualized, with a focus on the task rather than just the 
tool, so that learning about the technology is just an incidental but essential by-
product of the learning? 
1. would they use Explorer and e-mail for research? 
2. WP for report writing? 
3. Science probes? 
4. graphing tools? 
5. Power Point for presentations? 
6. publishing tools for creating effective newsletters? 
8. any other software that might work? 
 
Are there workplace connections? 
Who in your community could you call on to provide additional expertise above and 
beyond that held by the teacher? Could you contact and work with: 
1. city planners 
2. water engineers 
3. well drillers 
4. geologists 
5. testing agencies 
6. hospitals 
7. bottling companies 
8. waste recycling agencies 
9. virtual experts? 
 
Are there community connections? 
Who in your community has a vested interest in the water supply in your community? 
Just about everyone!! Could you contact and work with: 
1. recreation organizations 
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2. environmental agencies 
3. environmental activists 
4. Sierra Club 
5. businesses 
6. realtors 
7. senior citizens 
 
 
Are there connections between home and school? 
How can we go beyond just informing and communicating with our parents about what 
is being studied in school? Could we gain access to personal expertise from parents 
and specialist contacts they might have? Could parents provide structured guidance 
with practice in interviewing, doing research and making oral presentations 
are there ways to extend the learning beyond the traditional 9 to 3 
How about assessment? 
1. is it project-based? 
2. does it allow for contextualized learning? 
3. is there a means of authentically assessing learning? 
4. is there a means for summative, formative, qualitative, and/or quantitative, 

measurements of learning that would align with state standards? 
 
And now, once again, the critical question 
If they forget content, will anything else of substance be learned? And the 
answer is… the process and problem solving skills that have been learned by 
applying content within context of real time, real world tasks.
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SOME BOOKS YOU SHOULD READ 
 
THE BRAIN, MIND, & LEARNING 
 
Everything Bad Is Good for You: How Today's Popular Culture Is Actually 
Making Us Smarter  
By Steven Johnson 
In his new book Everything Bad Is Good for You: How Today's Popular Culture 
is Actually Making Us Smarter, social critic & technologist Steven Johnson 
argues the plots of today's video games, movies & TV challenge young viewers 
to think like grown-ups, follow intricate narratives & analyze complex social 
networks. Johnson, a regular contributor to Wired magazine, points out despite 
popular belief that electronic media is "dumbing down" society, IQs in the 
developed world have risen three points a decade for the past 100 years.  
 
For Johnson, pop culture is like algebra class. Whether you remember the 
quadratic equation as an adult is less important than whether you learned the 
analytic thought processes that solving equations teaches. Likewise, for 
Johnson, what matters about pop culture is not its message but whether it 
forces you to engage in complex thought, analysis & reasoning. 
 
His conclusion: it does, & shockingly well. Today's pop culture, he writes, builds 
on rules established by earlier pop culture (as, say, The Simpsons complicated 
the sitcom genre). And new formats such as DVDs make audiences more 
receptive to complex creations that reward repeat viewing or playing. A 
traditionalist could say that new media are simply good at teaching children to 
use new media, but Johnson argues persuasively that they also force children 
"to think like grownups: analyzing complex social networks, managing resources, 
tracking subtle narrative intertwining, recognizing long-term patterns." 
 
If you are struggling to understand Digital Children, this is a great read!  
 
A Whole New Mind: Moving from the Information Age to the Conceptual 
Age  
by Daniel Pink 
We live in left brain society - a society that has long honored linear, logical, 
left to right, top to bottom beginning to end, piecemeal content recall-based 
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knowledge and thinking. This is the world and the mindset of No Child Left 
Untested.  
The role of the right side of the brain, which handles pattern analysis, big 
picture thinking, intuition and the like, has long been undervalued and 
misunderstood in our right-brained society. In fact, at one time the right brain 
was considered to be the 2nd rate side of the brain. 
 
But as Pink points out, just about anything that requires right brain thinking 
can be automated, turned into software, or outsourced to the third world. Pink 
talks about our emerging world where critical thinking, problem solving, and a 
deep level of information fluency - in other words using the whole new mind - is 
increasingly more highly valued than simple content recall Just as information 
workers surpassed physical laborers in economic importance, Pink claims, the 
workplace terrain is changing yet again, and power will inevitably shift to 
people who possess strong right brain qualities.  
 
His advocacy of "R-directed thinking" begins with a bit of neuroscience tourism 
to a brain lab that will be extremely familiar to those who have read Steven 
Johnson's Everything Bad is Good For You, but while Johnson was fascinated 
by the brain's internal processes, Pink is more concerned with how certain skill 
sets can be harnessed effectively in the dawning "Conceptual Age." The second 
half of the book details the six "senses" Pink identifies as crucial to success in 
the new economy-design, story, symphony, empathy, play and meaning-while 
"portfolio" sections offer practical advice on how to cultivate these skills 
within oneself.  
 
Secrets of the Teenage Brain: Research-Based Strategies for Reaching & 
Teaching Today's Adolescents  
by Sheryl Feinstein 
Let’s face it—the weather is more predictable than the average teen. 
Suddenly, even the brightest and most cooperative students become 
argumentative and distracted. The good news is there are ways you can 
navigate these abrupt shifts and still be an effective teacher. Recent 
neuroscience findings have revealed that the teenage brain is actually 
undergoing developmental changes that can cause extremely erratic behavior. 
Although you can’t change these behaviors, this book demonstrates ways you 
can adapt your teaching style to effectively reach and teach teens. 
 



Windows on the Future: Thinking About Tomorrow Today  ©2007, The InfoSavvy Group 

  Page 198 of 219 

The first chapter of this lighthearted but informative book explores the 
biology of the teenager’s brain. Then, chapters two through six answer 
questions about specific characteristics of the teenage brain that seem most 
puzzling to teachers and parents—changes in cognition, the need to socialize, 
difficulty communicating ideas and feelings, building a self-identity and why 
some teens engage in risky behavior. You’ll be entertained by the accounts of 
real-life experiences (you might recognize these teens from your classroom!) 
and then enlightened by the research-based teaching strategies for managing 
their everyday difficulties, conflicts and crises. With the proper tools, 
teaching teens has never been more rewarding! 
 
 
 
Joystick Nation: How Videogames Ate Our Quarters, Won Our Hearts, 
and Rewired Our Minds 
By J. C. Herz 
Here is a look at an essential part of American youth that goes beyond a mere 
chronicle to engage all of the political, social, and cultural implications of video 
games. Herz (Surfing the Internet, 1995) eschews a historical point of view 
for a free-associating meditation on the video game culture that, by her 
calculations, has engulfed one-fifth of our population. Of course, not being able 
to dispense with the historical aspects of her subject entirely, Herz offers up 
``A Natural History of Videogames'' timeline: The first video game was 
actually created in 1962 by some MIT graduate students; thus, Herz notes, 
``If the history of videogames were a twenty-four-hour day, Pong would arise 
at 6:37 a.m.'' And in tracing the trajectory from Pong to Doom, she evokes 
such ``classics'' as Q*Bert, Space Invaders, and Pole Position. Equally clever 
is her sardonic suggestion to right-wing critics of video game violence that 
they turn it to their advantage with an ``Operation Rescue level of Doom, 
where you gun down abortion doctors'' or even a video game version of an all-
out military operation. ``But, then,'' she remarks, ``been there, played that. 
Gulf War.'' (Anyway, she observes that in most video games, teenage boys and 
girls playing, not criminals, but law-enforcement officers perpetrate violence.) 
Herz adroitly examines the gender gap in video game development, citing 
political feminists' scholarly critiques of Ms. Pac Man and Frogger, and her 
research shines in her strong study of characterization in video games, as she 
traces the connections between Japanese comic-book anime and the popularity 
of a certain Italian-American plumber named Mario. This otherwise smart and 
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entertaining read ends a bit too abruptly during a discussion of how computer 
simulation approximates reality. Nevertheless, Joystick Nation will please its 
citizenry. 
 
The New Brain: How the Modern Age Is Rewiring Your Mind 
By Richard Restak 
Pity the poor neurologists of yesteryear, saddled as they were with their 
conviction that our brains are hardwired after childhood. Then celebrate 
today’s scientists, who are exploiting brain-imaging technologies to show that 
our brains are capable of profound and permanent alterations throughout our 
lives. Neurologist Richard Restak does just that in The New Brain: How the 
Modern Age Is Rewiring Your Mind, even as he argues that we are being 
negatively altered by the sound-bite, techno environment in which we live. 
Technology such as functional magnetic resonance imaging, Restak begins, can 
now demonstrate that as a musician practices for many hours, certain neural 
pathways are strengthened. He then moves to a profound implication, namely 
that all kinds of technological stimuli are forging brain circuits that may hurt 
us instead of helping us. For instance, he cites correlations between positron 
emission tomography scans of violent people and normal experimental subjects 
who are simply thinking about fighting, then asserts that repeated viewing of 
violence on television and in video games can set up brain circuits that make us 
more likely to initiate real world fisticuffs. Unfortunately, such brain imaging 
may leave more questions than answers. As Restak himself points out, the 
technology does not provide "neurological explanations," just "important 
correlations." Yet he is whipped up enough to diagnose all of modern society 
with attention-deficit hyperactivity disorder, the probable result of brain 
changes we are initiating in our media-saturated world. He reminds us of the 
antidote, though: we are still in control of what we allow ourselves to see and 
hear. In the end, Restak fails to create a sense that scientists have revealed a 
new way of understanding the brain. And the images that inspire speculation in 
the book still await research that may finally reveal the mechanisms of such 
phenomena as memory and aggression. 
 
What Video Games Have to Teach Us About Learning and Literacy 
By James Paul Gee 
James Paul Gee begins his new book with "I want to talk about vide games--yes, 
even violent video games--and say some positive things about them." With this 
simple but explosive beginning, one of America's most well respected 
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professors of education looks seriously at the good that can come from playing 
video games. Gee is interested in the cognitive development that can occur 
when someone is trying to escape a maze, find a hidden treasure and, even, 
blasting away an enemy with a high-powered rifle. Talking about his own video-
gaming experience learning and using games as diverse as Lara Croft and 
Arcanum, Gee looks at major specific cognitive activities: 
* How individuals develop a sense of identity 
* How one grasps meaning 
* How one evaluates and follows a command 
* How one picks a role model 
* How one perceives the world 
 
This is a groundbreaking book that takes up a new electronic method of 
education and shows the positive upside it has for learning. 
 
Mind Wide Open: Your Brain and the Neuroscience of Everyday Life  
By Steven Johnson  
Using a mix of experiential reportage, personal storytelling, and fresh 
scientific discovery, Steven Johnson describes how the brain works -- its 
chemicals, structures, and subroutines -- and how these systems connect to 
the day-to-day realities of individual lives. For a hundred years, he says, many 
of us have assumed that the most powerful route to self-knowledge took the 
form of lying on a couch, talking about our childhoods. The possibility 
entertained in this book is that you can follow another path, in which learning 
about the brain's mechanics can widen one's self-awareness as powerfully as 
any therapy or meditation or drug. 
 
In Mind Wide Open, Johnson embarks on this path as his own test subject, 
participating in a battery of attention tests, learning to control video games by 
altering his brain waves, scanning his own brain with a $2 million fMRI machine, 
all in search of a modern answer to the oldest of questions: who am I? 
 
Along the way, Johnson explores how we "read" other people, how the brain 
processes frightening events (and how we might rid ourselves of the scars 
those memories leave), what the neurochemistry is behind love and sex, what it 
means that our brains are teeming with powerful chemicals closely related to 
recreational drugs, why music moves us to tears, and where our breakthrough 
ideas come from. 
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Johnson's clear, engaging explanation of the physical functions of the brain 
reveals not only the broad strokes of our aptitudes and fears, our skills and 
weaknesses and desires, but also the momentary brain phenomena that a whole 
human life comprises. Why, when hearing a tale of woe, do we sometimes smile 
inappropriately, even if we don't want to? Why are some of us so bad at 
remembering phone numbers but brilliant at recognizing faces? Why does 
depression make us feel stupid? 
 
To read Mind Wide Open is to rethink family histories, individual fates, and 
the very nature of the self, and to see that brain science is now personally 
transformative -- a valuable tool for better relationships and better living. 
 
Playing the Future: What We Can Learn from Digital Children  
By Douglas Rushkoff 
Three years after the original publication of Playing the Future: What We Can 
Learn from Digital Children in 1996, this breathlessly polemical defense of the 
techno-savvy youth culture of the '90s already reads like a document from 
another era. Back then the Internet was still a strange new force, instinctively 
embraced by children who'd grown up playing video games, instinctively 
distrusted by the grownups who ran the mainstream media. Standing up for the 
emergent digital culture--loosely associated with suspicious activities like 
raves, role-playing games, & piercing--took nerve & optimism. 
 
And Douglas Rushkoff here supplies both in abundance. His argument: 
contemporary "screenagers," as he calls them, aren't being warped by new 
technologies, they're adapting to them. Their relationship to play, work, 
spirituality, & politics all reflect the contours of a new world shaped by the 
liberating logic of digital networks & chaos theory. It's a better world, 
Rushkoff assures us, & if the grownups know what's good for them, they will 
stop looking askance at the ways of digital youth & start trying to learn from 
them instead. 
 
Ultimately, Rushkoff seems a lot more interested in making his argument than 
in making it stick. He flies from one loose logical connection to another--the 
secret link between fractal math & snowboarding, the parallel between Web 
browser interfaces & Federal Reserve notes--and he alternates between near-
brilliance & utter implausibility as he goes. 
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But even nowadays, when the heated rhetoric that met the first wave of 
digital culture is generally giving way to more nuanced analysis, there's 
something contagious about Rushkoff's passionate faith that the children are 
all right. He may not convince you, but after this intellectual joy ride is over, 
that may not matter. Like any good child of the '90s, you'll want to believe. 
 
How People Learn: Brain, Mind, Experience, & School  
By National Research Council (Corporate Author), John Bransford (Editor), Ann 
L. Brown (Editor), Rodney R. Cocking (Editor) 
Learning is such a natural thing for humans. In a matter of months, the typical 
human baby goes from being unable to make a sound to being able to 
understand & use language. After a few years, the neurological connections in 
their brains are largely completed & all of their senses become active. Many if 
not most of the basic sensations have been experienced & recorded. However, 
beyond the universal aspects of human learning, it becomes a very individual 
experience. The kind of learning that is done in school appears to be beyond 
what humans are genetically & physiologically designed to do, which means that 
it cannot be applied en mass. Unfortunately, that is what the public education 
strategy has been since it was implemented. The development of the factory, 
where workers had to be punctual, reliable & able to follow detailed 
instructions, meant that workers had to be interchangeable. Therefore, a 
public education was designed to be one that tried to mold everyone into the 
same final product using a standard approach to learning.  
 
That strategy was actually very successful for almost a century, where the 
United States & other developed countries went from limited to almost 
universal literacy. However, in the last several decades, with the rapid 
development of new knowledge & specialties, that approach has proven 
inadequate. It is time to consider new ways of learning, & that begins with 
learning the different ways that humans learn.  
 
The first step, described in detail in the book, is to understand that a newborn 
baby possesses more ability to learn that was ever realized before. Once 
experiments were developed that made it possible to measure feedback from 
infants, it was learned that they were far more aware of their world than 
previously thought. This is important, in that it demonstrates an important 
aspect of fundamental patterns of learning.  
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From much of the research cited in the book, it is clear that in our modern 
society, the standardized curriculum is counterproductive & standardized 
tests to measure the value of that curriculum are invalid. When the goal is to 
pass a standardized test, especially when there are penalties for failure, 
students & teachers alike naturally fall into a basic mindset to prepare for the 
test. This tends to create an emphasis on rote memorization, stifles learning, & 
prevents the development of an agile mindset. There is an enormous amount of 
research, much of which is cited in this book that strongly suggests that the 
best education is one where people are forced to resolve situations & problems 
that present a bit of uniqueness. Environments that are varied & present new 
situations on a regular basis lead to a greater amount of intellectual 
stimulation & smarter creatures. This holds for all animals, from rats to 
humans.  
 
While technology can be a tremendous aid, it is not a cure-all. Like all strong 
medicine it must be administered in intelligent doses. That point is also 
covered very well in the book. One other very interesting point dealt with 
cultural differences. A speech-language pathologist was working in an Inuit 
school & one-third of the class was considered to be in need of assistance by a 
non-Intuit principal, "because they did not talk in class." However, the 
"problem" was resolved when the pathologist consulted an Inuit teacher, who 
cleared it up by saying, "Well-raised Inuit children should not talk in class. 
They should be learning by looking & listening."  
 
This is a very important book for all people involved in education. The 
educational tactics that served us well in the past are no longer appropriate. By 
reading & studying the research findings summarized in this book, all 
stakeholders in education can learn how to more efficiently transfer knowledge 
into those who want it & need it.  
 
How Students Learn: History, Mathematics, & Science in the Classroom  
By Suzanne Donovan & John Bransford 
This book has its roots in the report of the Committee on Developments in the 
Science of Learning, How People Learn: Brain, Mind, Experience & School 
(National Research Council, 1999, National Academy Press). That report 
presented an illuminating review of research in a variety of fields that has 
advanced understanding of human learning. The report also made an important 
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attempt to draw from that body of knowledge implications for teaching. A 
follow-on study by a second committee explored what research & development 
would need to be done, & how it would need to be communicated, to be 
especially useful to teachers, principals, superintendents, & policy makers: How 
People Learn: Bridging Research & Practice (National Research Council, 1999). 
These two individual reports were combined to produce an expanded edition of 
How People Learn (National Research Council, 2000). I refer to this volume as 
HPL.  
 
In the present book, the goal is to take the HPL work to the next step: to 
provide examples of how the principles & findings on learning can be used to 
guide the teaching of a set of topics that commonly appear in the K-12 
curriculum. As was the case in the original work (1999), the book focuses on 
three subject areas: history, mathematics, & science. Each area is treated at 
three levels: elementary, middle, & high school. Distinguished researchers who 
have extensive experience in teaching or in partnering with teachers were 
invited to contribute the chapters. The committee shaped the goals for the 
volume, & commented-sometimes extensively on the draft chapters as they 
were written & revised. The principles of HPL are embedded in each chapter, 
though there are differences from one chapter to the next in how explicitly 
they are discussed.  
Taking this next step to elaborate the HPL principles in context poses a 
potential problem that we wish to address at the outset. The meaning & 
relevance of the principles for classroom teaching can be made clearer with 
specific examples. At the same time, however, many of the specifics of a 
particular example could be replaced with others that are also consistent with 
the HPL principles. In looking at a single example, it can be difficult to 
distinguish what is necessary to effective teaching from what is effective but 
easily replaced. With this in mind, it is critical that the teaching & learning 
examples in each chapter be seen as illustrative, not as blueprints for the 
"right" way to teach.  
 
We can imagine, by analogy, that engineering students will better grasp the 
relationship between the laws of physics & the construction of effective 
supports for a bridge if they see some examples of well-designed bridges, 
accompanied by explanations for the choices of the critical design features. 
The challenging engineering task of crossing the entrance of the San Francisco 
Bay, for example, may bring the relationship between physical laws, physical 
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constraints, & engineering solutions into clear & meaningful focus. But there 
are some design elements of the Golden Gate Bridge that could be replaced 
with others that serve the same end, & people may well differ on which among 
a set of good designs creates the most appealing bridge.  
 
To say that the Golden Gate Bridge is a good example of a suspension bridge 
does not mean it is the only, or the best possible, design for a suspension 
bridge. If one has many successful suspension bridges to compare, the design 
features that are required for success, & those that are replaceable become 
more apparent & the requirements that are uniform across contexts, & the 
requirements that change with context, are more easily revealed.  
 
The chapters in this volume highlight different approaches to addressing the 
same fundamental principles of learning. It would be ideal to be able to provide 
two or more "HPL compatible" approaches to teaching the same topic (for 
example, the study of light in elementary school). However, we cannot provide 
that level of specific variability in this already lengthy volume. Nevertheless, 
we hope that common features across chapters, & the variation in approach 
among the chapters, are sufficient to provide instructive insights into the 
principles laid out in How People Learn. Substantial parts of the books can be 
downloaded from  
http://lab.nap.edu/nap-
cgi/discover.cgi?term=how+students+learn&GO.x=18&GO.y=5&restric=NAP 
 
How the Brain Learns, 2nd Edition (Text & Manual) 
by David A. Sousa 
David Sousa’s practical and powerful bestseller on brain research and 
education enters the 21st century with a valuable updated edition, 
incorporating the previously published main text, the companion manual, and 
the latest discoveries in neuroscience and learning. How the Brain Learns has 
always focused on the information that can help teachers turn research on 
brain function into practical classroom activities and lessons. The second 
edition still includes basic brain facts that can help students learn, insights on 
how the brain processes information, and tips on maximizing retention using 
"down time." And now Sousa takes it further, building on the latest information 
available to provide:  
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An updated Information Processing Model that reflects new terminology 
regarding the memory system Exciting new research on how the brain learns 
motor skills A whole new chapter on the implications of the arts in learning An 
expanded list of primary sources for those who wish to review the core 
research  
 
All the newest information and insights are included. It’s a vital tool for school 
leaders, staff developers, teacher educators, and administration education 
faculty—as well as any educator who wants to help students learn. 
 
How the Brain Learns to Read 
by David A. Sousa 
How the Brain Learns to Read presents what scientists have uncovered about 
how children develop spoken language and use spoken language abilities when 
learning to read. Best-selling author David Sousa explores source material on 
brain research and provides scores of practical reading strategies for the K-12 
classroom. Complete with relevant brain diagrams and informative tables, this 
exciting new book examines critical concepts including: 
•  Understanding language acquisition and its relationship to reading 
•   Incorporating modern research findings in your classroom 
•   Overcoming reading problems, including early intervention programs 
•   Content area reading with strategies to improve vocabulary and 

comprehension 
•   Developing successful reading programs that encourages teachers to be 

researchers 
 
Reading is essential for success in our society. With this guide to cutting-edge 
reading research, you’ll find the keys to unlocking reading success in your 
students! 
 
How the Special Needs Brain Learns 
by David A. Sousa 
Now from the author of the best-selling How the Brain Learns comes a new 
book dealing with special needs students. How the Special Needs Brain Learns 
helps you turn research on the brain function of students with various learning 
challenges into practical classroom activities and strategies. 
 
David Sousa shows how the brain processes information and examines both 
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simple and complex learning strategies that can be adapted and taught to your 
students. The first step for students with learning disabilities is helping them 
to build self-esteem by teaching them how to work in groups and giving them 
strategies for engagement and retention. This book focuses on the most 
common challenges to learning for many students, especially for those who are 
often the first candidates for special education referral, and emphasizes 
lifelong independent learning, increased retention, and cognitive flexibility for 
all. Sousa builds on the latest brain research to discuss teaching strategies for 
students challenged by: 
•  ADHD/ADD 
•   Speech disabilities 
•   Reading disabilities 
•   Writing disabilities 
•   Math disabilities 
•   Sleep disorders 
•   Emotional and behavioral disorders 
•   Autism 
•   Asperger’s Syndrome 
Today’s classrooms embrace students of all abilities, and Sousa’s latest work 
provides the most up-to-date information and insight on how to work 
effectively with each one of them. Offering real strategies for real 
classrooms, How the Special Needs Brain Learns is an indispensable tool for all 
educators, school administrators and teachers, staff developers, pre-service 
educators, and even parents who want to better understand the way their 
children process and retain information. 
 
Becoming a "Wiz" at Brain-Based Teaching 
by Marilee Sprenger 
Through the clever analogy of The Wizard of Oz, Marilee Sprenger provides 
invaluable information about cognitive research and shares simple tactics for 
implementing these ideas in the classroom. Learn proven tools for coping with 
"the Lion’s stress, the Tin Woodsman’s need for emotional intelligence, and the 
Scarecrow’s desire for higher level thinking." 

This user-friendly guide effectively discusses expert findings about brain 
growth, structure, and functions to help teachers and administrators foster a 
love of learning in all students. By creating an enriched, brain-compatible 
environment as outlined in this book, educators can effectively counter such 
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existing negative influences as stress, sleep deprivation, poor nutrition, and a 
genetic predisposition to disorders in order to cultivate successful lifelong 
learning. 

Key features include: 

1. Straightforward discussion about memory pathways, learning styles, and 
multiple intelligences 

2. Extensive examples from real school situations where brain research has 
been applied 

3. Tactics for immediately putting brain-based information to work in the 
classroom 

4. Concrete techniques for using music, teams, rapport building, and brain-
state changes to stimulate student learning 

 
TRENDS 
The World Is Flat: A Brief History of the Twenty-first Century 
by Thomas L. Friedman 
Thomas Friedman is not so much a futurist, which he is sometimes called, as a 
presentist. His aim, in his new book, The World Is Flat, as in his earlier, 
influential Lexus and the Olive Tree, is not to give you a speculative preview of 
the wonders that are sure to come in your lifetime, but rather to get you 
caught up on the wonders that are already here. The world isn't going to be 
flat, it is flat, which gives Friedman's breathless narrative much of its 
urgency, and which also saves it from the Epcot-style polyester sheen that 
futurists--the optimistic ones at least--are inevitably prey to. 
 
What Friedman means by "flat" is "connected": the lowering of trade and 
political barriers and the exponential technical advances of the digital 
revolution have made it possible to do business, or almost anything else, 
instantaneously with billions of other people across the planet. This in itself 
should not be news to anyone. But the news that Friedman has to deliver is 
that just when we stopped paying attention to these developments--when the 
dot-com bust turned interest away from the business and technology pages and 
when 9/11 and the Iraq War turned all eyes toward the Middle East--is when 
they actually began to accelerate. Globalization 3.0, as he calls it, is driven not 
by major corporations or giant trade organizations like the World Bank, but by 
individuals: desktop freelancers and innovative startups all over the world (but 
especially in India and China) who can compete--and win--not just for low-wage 
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manufacturing and information labor but, increasingly, for the highest-end 
research and design work as well. (He doesn't forget the "mutant supply 
chains" like Al-Qaeda that let the small act big in more destructive ways.) 
Friedman tells his eye-opening story with the catchy slogans and globe-hopping 
anecdotes that readers of his earlier books and his New York Times columns 
will know well, and also with a stern sort of optimism. He wants to tell you how 
exciting this new world is, but he also wants you to know you're going to be 
trampled if you don't keep up with it. His book is an excellent place to begin. 
 
The Singularity Is Near: When Humans Transcend Biology  
by Ray Kurzweil  
In my presentations I frequently refer to an amazing book entitled The Age of 
Spiritual Machines, by the great inventor & futurist Ray Kurzweil. Kurzweil is 
one of the best-known & controversial advocates for the role of machines in 
the future of humanity. In his latest, thrilling foray into the future, he 
envisions an event - the "singularity" - in which technological change becomes 
so rapid & so profound that our bodies & brains will merge with our machines. 
 
The Singularity Is Near portrays what life will be like after this event - a 
human-machine civilization where our experiences shift from real reality to 
virtual reality & where our intelligence becomes non-biological & trillions of 
times more powerful than unaided human intelligence. In practical terms, this 
means that human aging & pollution will be reversed, world hunger will be 
solved, & our bodies & environment transformed by nanotechnology to 
overcome the limitations of biology, including death. 
 
We will be able to create virtually any physical product just from information, 
resulting in radical wealth creation. In addition to outlining these fantastic 
changes, Kurzweil also considers their social & philosophical ramifications. 
With its radical but optimistic view of the course of human development, The 
Singularity Is Near is certain to be one of the most widely discussed & 
provocative books of 2005. 
 
Information Anxiety 2  
by Richard Saul Wurman, David Sume, Loring Leifer 
Information might want to be free; but why should we free it? We've got 
enough trouble keeping track of all the petabits that already run around 
untethered, & risk a computer counterrevolution if we let the situation get 
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much crazier. Information architect Richard Saul Wurman swept the field 
clear in 1989 with his groundbreaking book that foresaw the problems of data 
clutter & proposed a radical new means of organizing & presenting knowledge 
humanistically; for the new century, he has revised it substantially as 
Information Anxiety 2. This book is sparklingly clear & readable--it'd better 
be, after all--and offers insight not only to designers, educators, & content 
developers, but also to anyone who needs to communicate effectively through 
dense clouds of facts. If Wurman occasionally indulges in New Age-y pop 
psychology, his analysis is never muddy, & the more hardheaded reader will 
forgive him soon enough. The discussion alternates between describing the 
deeply stressful task of absorbing poorly organized data & exploring solutions 
that require a bit of rethinking, but that reward such an investment with 
improved understanding and, maybe, a state change from information to 
wisdom. We could do worse--if we don't pay attention to Wurman & his 
colleagues, we almost certainly will. 
 
The Tipping Point: How Little Things Can Make a Big Difference 
by Malcolm Gladwell 
"The best way to understand the dramatic transformation of unknown books 
into bestsellers, or the rise of teenage smoking, or the phenomena of word of 
mouth or any number of the other mysterious changes that mark everyday 
life," writes Malcolm Gladwell, "is to think of them as epidemics. Ideas and 
products and messages and behaviors spread just like viruses do." Although 
anyone familiar with the theory of memetics will recognize this concept, 
Gladwell's The Tipping Point has quite a few interesting twists on the subject. 
 
 For example, Paul Revere was able to galvanize the forces of resistance so 
effectively in part because he was what Gladwell calls a "Connector": he knew 
just about everybody, particularly the revolutionary leaders in each of the 
towns that he rode through. But Revere "wasn't just the man with the biggest 
Rolodex in colonial Boston," he was also a "Maven" who gathered extensive 
information about the British. He knew what was going on and he knew exactly 
whom to tell. The phenomenon continues to this day--think of how often you've 
received information in an e-mail message that had been forwarded at least 
half a dozen times before reaching you. 
 
 Gladwell develops these and other concepts (such as the "stickiness" of ideas 
or the effect of population size on information dispersal) through simple, clear 
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explanations and entertainingly illustrative anecdotes, such as comparing the 
pedagogical methods of Sesame Street and Blue's Clues, or explaining why it 
would be even easier to play Six Degrees of Kevin Bacon with the actor Rod 
Steiger. Although some readers may find the transitional passages between 
chapters hold their hands a little too tightly, and Gladwell's closing invocation 
of the possibilities of social engineering sketchy, even chilling, The Tipping 
Point is one of the most effective books on science for a general audience in 
ages. It seems inevitable that "tipping point," like "future shock" or "chaos 
theory," will soon become one of those ideas that everybody knows--or at least 
knows by name.  
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CURRICULUM & LEARNING 
 
Teaching for Tomorrow: Teaching Content & Problem-Solving Skills  
by Ted McCain 
Although I may seem a bit biased in that he co-authored Windows on the 
Future with me, I truly believe that Ted McCain understands the big picture in 
education better than just about anyone out there. And if you've ever got the 
opportunity to hear him speak, you'll know exactly what I'm talking about.  
 
This said, if you're frustrated with the direction education appears to be 
heading - if you feel an overwhelming need to reconsider the relevancy of what 
you teach - or if you want to discover how to get students to develop "real-
world" problem-solving skills, you'll definitely want to read Ted's new book 
Teaching For Tomorrow: Teaching Content & Problem-Solving Skills (2005, 
Corwin Press) 
 
Through first-hand experience, Ted concisely lays out the argument for 
preparing students for their world, guiding them to become independent & 
successful critical thinkers. Teaching for Tomorrow brings everyday life 
encounters & situations as text to the classroom, challenging students to 
engage more deeply in their learning & teachers in their teaching. By 
eliminating the typical stand & deliver approach, Ted hopes educators will now 
focus on using instruction that allows students to create knowledge for 
themselves.  
 
Major components of the book include:  

1. Role-playing scenarios 
2. Mapping out 6 changes to teaching that enable teachers to use problem-

solving, project- based instruction effectively 
3. The outline of the 4 D's (Define, Design, Do, & Debrief), a step-by-step 

process for student work & for problem solving applicable to virtually 
any field 

 
By gaining real-world skills rather than just "school" skills, students are 
engaged in thoughtful work, learning to collaborate, taking responsibility for 
their own time & tasks, & becoming creative problem solvers in the classroom & 
for life beyond. This book is HIGHLY recommended. 
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What Every Teacher Should Know: The 10 Book Collection 
by Donna Walker Tileston 
This slipcase collection of 10 compact volumes offers a complete training 
curriculum for teachers that covers all required essentials for teacher 
induction, mentoring, and support programs. The collection can be used for 
teacher certification and re-certification programs, as well as for fast-track 
alternative certification programs. Additional highlights embedded within each 
individual volume include assessment pre-tests and post-tests, resources, and 
content about urban learners, making this training program ideal for preparing 
highly qualified teachers for today’s challenging classrooms, particularly in 
urban areas. 
 
The entire collection allows instructors and staff developers to offer 
comprehensive teacher training that meets the requirements of the No Child 
Left Behind legislation. Individual works can be purchased separately and cover 
"What Every Teacher Should Know About..." 
 

1. Diverse Learners—research-based approaches to working with diverse 
learners  

2. Student Motivation—steps teachers can take to motivate and challenge 
students  

3. Learning, Memory and the Brain—a holistic approach to student 
learning  

4. Instructional Planning—long and short-term goals for lesson planning  
5. Effective Teaching Strategies—a bag of teaching tools for the written, 

taught, and assessed curriculum  
6. Classroom Management and Discipline—effective tools to minimize or 

prevent the most common discipline problems  
7. Student Assessment—and the implications of standards-based 

instruction in the classroom  
8. Special Learners—effective tools to help students with special needs 

achieve school success  
9. Media and Technology—media that work for each of the student 

modalities  
10. The Profession and Politics of Teaching—effective partnerships with 

parents, teaching peers, mentor teachers, administrators, and teacher 
organizations 
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Understanding by Design  
by Grant Wiggins, Jay McTighe 
McTighe & Williams successfully expound on a subject often mired in 
philosophical debate: how to assess understanding & evaluate true learning. It 
is an outstanding framework for developing curriculum intent on extending 
beyond traditional methods of teaching & preaching to students. The authors 
contend that measuring performance against six facets of understanding can 
assess true understanding: explanation, interpretation, application, 
perspective, empathy, & self-knowledge. These facets are vital to developing 
curriculum & the authors do an outstanding job of presenting the material in 
charts, & exercises, making a difficult topic easier to understand. Comparing & 
contrasting covering material & uncovering knowledge serves to help teachers 
think like assessors, rather than activity planners. Helpful design tools are 
included throughout the book & teachers are instructed to evaluate the 
effectiveness of their teaching with thoughtful & probing questions. 
 
Understanding by Design will serve as my guide for evaluating my own 
effectiveness as a teacher. I expect to rely on it to gauge my own competency 
in developing & executing lessons. Examples throughout the book illuminating 
the practical applications of each of the six facets are well organized & easy 
to follow. I found the use of keywords & charts especially helpful in furthering 
my own understanding of how to uncover knowledge. I am confident that if I 
remain faithful to the tenets of this book, I will be able to put into practice 
what I believe constitutes effective strategies for learning: student-centered 
activities which call upon students to question assumptions, draw upon past 
knowledge, & advance understanding through incremental learning. A series of 
field books are also available. 
 
Results: The Key to Continuous School Improvement  
by Mike Schmoker 
A terrific book that tangible, measurable results are the key to school 
improvement. Under the right conditions, schools can bring about incremental, 
even dramatic results. Author Mike Schmoker examines these conditions & the 
theory behind them, using examples from schools to show that virtually any 
school can begin to successfully replicate the conditions. Meaningful teamwork, 
when combined with setting clear, measurable goals & regularly collecting & 
analyzing a wide variety of contextualized qualitative and/or quantitative 
performance data, constitutes the foundation for results. Schmoker 
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emphasizes the importance of principals & practices that are simple, supported 
by research, & relatively few in number. Such principals have enormous but 
under-used potential. As the many schools described in this book demonstrate, 
educators can immediately provide a better education for all students by 
focusing unwaveringly on better results & the conditions that promote them. A 
field book is also available. 
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For further reading (in no particular order): 
1. Learning and Memory: The Brain in Action by Marilee Sprenger 
2. Completing the Puzzle: The Brain-Compatible Approach to Learning by Eric 

Jensen 
3. Bowling Alone: The Collapse and Revival of American Community, Robert 

Putnam, Touchstone Books, 2001, ISBN: 0743203046  
4. Diffusion of Innovations, 4th Edition, Everett Rogers, Free Press, 1995, 

ISBN: 0029266718 
5. Information Anxiety 2, Richard Saul Wurman, Que Publishing, 2000, 

ISBN: 0789724103  
6. Minds, Brains, and Learning, Understanding the Psychological and 

Educational Relevance of Neuroscientific Research by James P. Byrnes, 
Guildford Press, 2001, ISBN: 1572306521 

7. Taming the Beast: Choice and Control in the Electronic Jungle by Jason 
Ohler, Technos Press, 2000, ISBN: 0784298735 

8. Growing Up Digital: The Rise of the Net Generation by Don Tapscott, 
McGraw-Hill, 1997, ISBN: 0070633614  

9. Who Moved My Cheese? An Amazing Way to Deal With Change in Your 
Work and in Your Life by Spencer Johnson & Kenneth Blanchard, Penguin 
USA; 1999 ISBN: 0399144463 

10. How the Brain Learns, by David Sousa, Corwin Press, 2001, ISBN: 
0761977651 

11. How the Special Needs Brain Learns, by David Sousa, Corwin Press, 2001, 
ISBN: 0761978518  

12. How People Learn: Brain, Mind, Experience, and School, by John D. 
Bransford (Editor), Ann L. Brown (Editor), Rodney R. Cocking, John B. 
Bransford (Editor) National Academy Press, 1999, ISBN: 0309065577 

13. Schools That Learn: A Fifth Discipline Fieldbook, Peter Senge editor, 
Doubleday, 2000, ISBN: 0385493231  

14. A Schema-Theoretic View of Basic Processes in Reading Comprehension 
Handbook of Reading Research, by Anderson, R.C., & Pearson, P.D. (1984). 
(Pearson, Ed.) Longman, New York, NY: 

15. Nature’s Mind, by Gazzaniga, M., Basic Books, 1992, New York, NY:. 
16. The Owner’s Manual For the Brain, Howard, P.J., Bard Press, 2000, Austin, 

TX:  
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17. Introduction to Brain-compatible Learning, Jensen, E., The Brain Store, 
1998, Del Mar, California:. 

18. Completing the Puzzle: The Brain-compatible Approach to Learning, 
Jensen, E. The Brain Store, 1997, Del Mar, California. 

19. Inside the Brain, Kotulak, R., Andrews McMeel, 1996, Kansas City, MO. 
20. Classroom Instruction That Works, Marzano, R.J., Pickering, D.J. and 

Pollock, J.E, ASCD, 2003, Alexandria, VA.:  
21. A Theory-based Meta-analysis of Research on Instruction, Marzano, R. 

1998, Mid-continent Regional Educational Laboratory Aurora, CO. 
22. Dimensions of Learning, Marzano, R.J. et al, 1992, ASCD, Alexandria, VA 
23. A Different Kind Of Classroom: Teaching With Dimensions Of Learning, 

Marzano, R.J., 1992, ASCD, Alexandria, VA 
24. A Framework For Understanding Poverty, Payne, R.K. 2001. Aha! Process 

Inc., Highlands, Texas:  
25. How The Brain Learns: New Insights Into The Teaching/Learning Process, 

Sousa, D. 1997, Audiotape. National Association of Secondary School 
Principals,.Reston, VA:  

26. How The Brain Learns, Sousa, D., 1995, National Association of Secondary 
School Principals, Reston, VA. 

27. Learning And Memory: The Brain In Action, Sprenger, M., 1999, ASCD, 
Alexandria, VA:  

28. Becoming A Wiz At Brain-Based Teaching, Sprenger, M., 2002, Corwin 
Press, Thousand Oaks, CA. 

29. What Every Teacher Should Know About Learning, Memory And The Brain, 
Tileston, D.W., 2004, Corwin Press, Thousand Oaks, CA 

30. Ten Best Teaching Practices: How Brain Research, Learning Styles, And 
Standards Define Teaching, Tileston, D.W., 2000, Corwin Press, Thousand 
Oaks, California. 

 
Journal Articles 

1. Digital Natives, Digital Immigrants Part 1 by Mark Prensky, On the 
Horizon, September/October 2001, Volume 9, Number 5 

2. Digital Natives, Digital Immigrants Part 2 by Mark Prensky, On the 
Horizon, November/December 2001, Volume 9, Number 6 

 
Online Articles 
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1. Wnt 2 txt? Or r u j/c? The Evolving Lexicon of Wired Teens, The 
Christian Science Monitor, Society and Culture, December 12, 2002 online 
edition  
http://www.rdr.sbml.cc/Click?q=e5-9Z-0QayD 

2. TeenSites.com: A Field Guide to the New Digital Landscape, The Center 
for Media Education, 2001, http://www.cme.org 

3. Teenage Brain: A work in progress, by National Institute of Mental 
Health, 2001,http://www.nimh.nih.gov/publicat/teenbrain.cfm 

4. http://www.pbs.org/wgbh/pages/frontline/shows/teenbrain/work/How 
People Learn, Executive Summary, John D. Bransford, Ann L. Brown, and 
Rodney R. Cocking, editors, National Research Council, 1999, 
http://www.nap.edu/html/howpeople1/es.html 

5. In Search of Brain-Based Education, by John T. Bruer, 1999, Kappan, 
http://www.pdkintl.org/kappan/kbru9905.htm 

6. Understanding the Brain – Towards a New Learning Science, Organization 
for Economic Cooperation and Development, 2001 
 http://www.oecd.org/home/0,2605,en_2649_201185_1_1_1_1_1,00.html 

7. Memory: How Do We Remember What We Know, by Analysis by Richards 
J. Heuer, Jr., Psychology of Intelligence, 1999 (updated 2004), 
http://www.odci.gov/csi/books/19104/index.html  
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FOR MORE DETAILS CONTACT: 
Ian Jukes 
Cell:  250-462-0767 
Fax:  250-490-4969 
E-mail:  ijukes@mindspring.com (Ian Jukes) 
 
Check out the Committed Sardine Blog at: 
http://homepage.mac.com/iajukes/blogwavestudio/index.html 
 
Web sites 
http://www.infosavvygroup.com 
http://www.ianjukes.com 
http://www.thecommittedsardine.net 
 
OFFICE MANAGER 
Lori Anderson 
Office:  250-717-0998 
Fax:  250-717-0999 
E-mail:  ijukes@shaw.ca (Lori Anderson) 
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