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Abstract - The history of engineering is a history of the 
development of tools to enhance and expand the engineer’s 
effectiveness in creating solutions to societal problems.  
Most of the tools have been focused on improving the 
engineer’s ability to calculate, or to analyze mathematical 
models of the physical system or process under design.  
Since 1965, I have seen a revolution in the ability of 
engineers and students to perform the calculate step of the 
design or problem solving process.  Students bring 
everyday to the classroom laptop computers more 
powerful than engineers could yet imagine 40 years ago.  
While this enormous power to calculate has changed how 
engineers think, it has not significantly changed the 
manner in which undergraduate engineering is taught.  
Engineering educators need to reconsider what is taught 
and how students learn in light of revolutionary and 
continuously changing tools for the design of new 
technology. 
 
Index Terms - How People Learn, Problem Solving Process, 
Technology Changing the Way We Think, Technology to 
Support Learning. 

BACKGROUND 

In the late 1960’s, engineering students were masters of the 
slide rule, but computing still moved at the speed of a pencil 
writing on engineering graph paper.  Probably the worst task 
that could be assigned a student was to construct a graph.  It 
was a painful process, but we became very good at scaling the 
axes and faring in the relationship indicated by the data points 
with French curves.  The problems that we could attempt had 
to be substantial simplifications of reality.  In many cases the 
trigonometry involved only 3-4-5 or 5-12-13 triangles, and the 
input parameters were mostly single digit integers.  The 
properties of fluids and other real substances were obtained 
from whole books of tables and invariably required 
interpolation.   

The vast majority of a student’s and engineer’s time 
would be spent on the mechanics of the calculation.  By the 
way, do not ask for the solution of a non-linear equation, 
particularly the roots of polynomials greater than second 
order, and do not expect any operations on matrices larger 
than three rows and three columns. 

Today, the power of laptops in the classroom permits 
students to tackle the calculations necessary to solve authentic 
problems.  No longer must faculty simplify the problems to 

match the ability of the student to calculate, and no longer do 
faculty need to concentrate significant time on the 
complexities of the calculations. 

As addressed in a recent article by Sherry Turkle, “How 
Computers change the Way We Think,” technology has 
always had a profound influence on the ways in which we 
think from the advent of language and writing to the 
development of mathematics, and now to the overwhelming 
power of computation and information processing.[i]  A good 
example of technology changing the way we think is provided 
by a recent article about Neil Gershenfeld where he discusses 
the far reaching consequences of Personal Fabrication when 
you manage to change your thinking.   

“So we're now at a cusp where personal fabrication is 
poised to reinvent literacy in the developed world, and to 
engage the intellectual capacity of the rest of the world. 
This certainly wasn't apparent (at least to me) in advance; 
I didn't wake up one morning and say "I have a good idea; 
I'm going to bring precision machining to dusty deserts." 
We just started tripping over this intersection between 
grass-roots demand and the capabilities of emerging 
technologies. Some of the least-developed parts of the 
world in fact need some of the most- rather than least-
advanced technologies.” [ii] 
 
In engineering education, we have not yet fully 

recognized the need to change the way we teach to adapt to 
new ways in which we think.  What should engineering 
educators be doing to adapt to new technology and to evolve 
the mental models we have of engineering? 

THOUGHTS ON THE FUTURE OF ENGINEERING EDUCATION. 

Many engineering educators have been attempting to predict 
the future of engineering education to help raise awareness of 
accelerating technological change and need for higher 
education to remain relevant to the discipline.  The papers by 
Richard Felder, et. al., on “The Future of Engineering 
Education,” present some themes for change and the four 
relevant to this discussion are presented below.[iii] 
• Information: Proliferating.  Each of us now has almost 

real time access to more information than has ever been 
available before, and that information is increasing 
exponentially.  How do we effectively use this access? 

• Technological development: Multidisciplinary.  All 
authentic problems and all viable solutions today are 
multidisciplinary and, therefore, future engineers must be 
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skilled and educated at working effectively with and in 
other disciplines, to include the social, political and 
economic domains. 

• Social Responsibility: Emerging.  As technology 
become more and more powerful, the ethical dimensions 
of the engineering profession take on increasing 
importance, because the survival of our society could 
likely depend on future engineering judgments. 

• Change: Rapid.  “The education that succeeds will be 
the one that facilitates lifelong learning, equipping 
students with the skills they will need to adapt to 
change.”[iv]   
 
With this background, how might technology help 

engineering education successfully evolve in conjunction with 
accelerating technology to better educate future engineers and 
citizens. 

THE USE OF TECHNOLOGY TO SUPPORT LEARNING 

Technology does not in and of itself change the fundamental 
theories of learning developed over the past several decades, 
consequently these theories are key to a grasp of the 
appropriate use of technology to enhance learning.  The author 
has previously investigated how mathematical assistant 
software integrates into these theories of learning and 
developed some principles for using this software in 
engineering education.[v]  The primary principle holds the 
learning theory must be preeminent in any consideration of 
using technology in learning.  While a seemingly obvious 
conclusion, it is often not followed in engineering education, 
due to a lack of knowledge of these theories.  The National 
Research Council (NRC) report, “How People Learn:  Brain, 
Mind, Experience, and School,” links theory to application.  
The NRC report is a compendium of research findings in the 
field of human learning and includes a constructive chapter on 
the use of technology to support learning.  This chapter is used 
as a guide to help understand how advancing technology can 
best be integrated into engineering education.  The following 
five general applications of technology in education are 
discussed in the report.[vi] 
• Bringing exciting curricula based on real-world problems 

into the classroom 
• Providing scaffolds and tools to enhance learning 
• Giving students and teachers more opportunities for 

feedback, reflection, and revision 
• Building local and global communities that include 

teachers, administrators, students, parents, practicing 
scientists, and other interested people 

• Expanding opportunities for teacher learning 
 

Bringing exciting curricula based on real-world problems into 
the classroom 

Technology, particularly the connections and networking 
provided by the internet, permits students to uncover their own 
problems and then proceed through the problem solving 
process to create their own solutions.  In an Astrodynamics 

class, the students use the immense realms of data now 
available on the internet to find and solve authentic space 
mission analysis and design problems.  While discussing 
interplanetary travel, the current Mars Exploration Rover 
missions were analyzed to determine the type of transfer orbits 
used.  Using amazingly visual orbital software, the positions 
of Mars and Earth could be shown at the time of actual launch 
and compared to the computed positions for optimal transfer.  
It was immediately clear that these recent missions were not 
launched on optimal energy orbits, and the class discussed 
how the mission requirements might have determined the need 
for a faster transfer.  Students can create their own space 
mission and then actually perform the preliminary design of 
their mission, which might be a sample return mission to the 
asteroid Ceres. 

In an Automatic Controls course, it is now possible to 
study and design the complex dynamic models of authentic 
systems.  Until the advent of laptops in the classroom, only 
simplified, abstract, dynamic models of mock systems have 
been used, which makes the interpretation and validation of 
solutions impossible.  When the affects of different control 
choices on the actual motion an existing airplane or helicopter 
can be analyzed, the concepts come alive, clearly enhancing 
understanding, and motivating further learning. 

Both the attraction and the bane of real world problems is 
the unmistakable realization that the solution of authentic 
problems requires a multidisciplinary approach.  All real 
engineering problems involve differing aspects of the social, 
political, economic and technological realms, and, therefore, 
all solution also entail the integration of differing proportions 
of these domains into a viable solution.  This realization 
motivates a need for the broadest approach possible, for 
diverse and multidisciplinary problem solving teams, and for 
the need to integrate all disciplinary realms into a viable 
solution.  Whether a space mission design is ultimately 
executed, is more a political, social, and economic decision 
than a technological one. 

Providing scaffolds and tools to enhance learning 

In July 1945, the President’s science advisor, Vannevar Bush, 
wrote about the ultimate advantage to society that would result 
from the development of the electronic computer. 

“Relief must be secured from laborious detailed 
manipulation of higher mathematics as well, if the users 
of it are to free their brains for something more than 
repetitive detailed transformations in accordance with 
established rules.  A mathematician is not a man who can 
readily manipulate figures; often he cannot.  He is not 
even a man who can readily perform the transformations 
of equations by the use of calculus.  He is primarily an 
individual who is skilled in the use of symbolic logic on a 
high plane, and especially he is a man of intuitive 
judgment in the choice of the manipulative processes he 
employs.”[vii] 
 
Vannevar Bush saw that the primary value of information 

technology is its power to free the human intellect from the 
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need to calculate, and to leverage the power of human 
reasoning to formulate, validate and interpret.  To apply this 
insight about the proper roles of mind and machine to 
engineering education, consider a simple problem solving 
process that engineers use every day. 
Problem Solving.  The essence of engineering is problem 
solving, and below is a straightforward, generic model for 
problem solving that both faculty and students use in our first 
course in engineering.   
• Understand the problem. 
• Draw a picture 
• Apply appropriate concepts (model the problem) 
• Do the math (calculate an answer) 
• Look at the answer (validate, verify and interpret) 
 

This process is a useful model to examine how 
technology has changed the focus for engineers in the problem 
solving process and should change the way engineers both 
think and learn.   

I suspect that well over 80% of my time as a student and 
teacher in engineering classrooms has been spent on the 
calculation step in the above process.  Most engineering 
educators were probably attracted to the discipline because of 
their love of mathematics and calculation, and I still hear 
students naively talk today of engineering as a discipline 
where there is a single right answer and little subjectivity 
when earning grades.  In our statics course, the textbook 
problems are for the most part only about the calculate step, 
although the student must correctly apply the concept 
currently under discussion, the problem has already been 
simplified and a picture drawn.  Even the picture is not always 
linked to a real, physical problem, but rather a problem 
expressly contrived to illustrate a particular concept.  The 
students write the equations, calculate the desired number, 
compare it to the professor’s or the text’s answer, and move 
on to the next problem. 

The answer, represented by a number, has generally been 
the focus of engineering education because of the substantial 
symbolic manipulation and calculation required to obtain that 
number.  These calculations might have included the calculus, 
vector and matrix operations, trigonometric and logarithmic 
operations, root finding, table lookups with interpolation, the 
solution of simultaneous equations, or possibly the 
construction of a graph.  In the days of slide rules and up to 
the advent of sophisticated calculators, these were not trivial 
operations.  Therefore, much of the student’s time in a course 
was dedicated to learning and performing these calculation 
operations and many others.   

As mentioned earlier, the introduction of the wireless, 
connected laptop in the classroom, laboratory, and elsewhere 
has provided students and faculty with an unprecedented 
ability to calculate.  All of the previously mentioned 
mathematical operations can be effortlessly accomplished 
using sophisticated mathematical assistant software.  With this 
liberation from the toils of calculation comes the time to 
concentrate on the genuinely demanding intellectual parts of 

the problem solving process, as Vannevar Bush recognized 
many years ago. 

While Understanding the Problem and Drawing a Picture 
are essential problem solving steps, they are more clear-cut 
than the Modeling and Validation steps in our generic process.  
Modeling is a design process in its own right, and does not get 
nearly the emphasis that it should in problem solving.  The 
symbolic and numerical solver software available today can 
significantly enhance the efficiency and effectiveness of the 
model design process, including the capability to iterate on the 
initial model design to achieve the level of fidelity requisite 
for problem solution. 

The last step in the process is the one that commonly gets 
no respect from both students and faculty alike, but it would 
not be an exaggeration to claim that it may well be the most 
important part of the entire process.  The numbers that results 
from the calculation process have no value or meaning to the 
problem solver unless they can be validated and interpreted.  It 
is often the case that the greatest understanding of the problem 
comes from the effort to both validate and interpret the results.  
As one struggles to understand the results, even the seemingly 
most straightforward mathematical model of the problem can 
reveal astonishing levels of subtlety that disclose both the 
weaknesses and strengths of the model. 

Examples in Automatic Controls.  Most of the analysis 
and design tools that are used in a first course in classic 
control theory were developed well prior to the age of 
personal computing.  These include “Root Locus”, “Bode 
Plots”, and “Nyquist Stability”.  Asking students to learn how 
to sketch by hand root locus diagrams or Bode plots does not 
make much sense when the software exists to construct these 
plots and diagrams in one tenth the time with great precision.  
While we have always consoled ourselves that these 
techniques are still important for their learning value, I no 
longer believe that argument.  Instead of taking time to train 
students to employ these tools by hand and think in terms of 
these techniques, we can facilitate their understanding of the 
essence of these tools by constructing numerous examples on 
the computer for authentic system models.  Significantly 
enhanced learning can result from a broad and thorough 
interpretation of the results to include numerous iterations on 
the design of a controller that will achieve the system 
specifications. 

However, in the final analysis these tools may not be the 
right ones for the age of portable personal computing.  Other 
analysis and design tools and techniques are needed to replace 
the elegant approximate methods developed during the first 
half of the last century and expand the ways controls engineers 
think.  Many new tools are already available in software such 
as Matlab, and engineering educators need to embrace the 
ways these tools are changing how we think about modeling 
and controlling dynamic systems. 

Examples in Astrodynamics.  Computer graphics have 
immeasurably changed the ability of students to visualize and 
analyze orbital motion.  Rather than strictly describing orbits 
by the Classis Orbital Elements, we can now directly show the 
orbit on a three dimensional display of the earth and directly 
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see the orbital elements.  The students were given a problem 
to design a specific type of communications orbit called a 
Molniya orbit.  The distinctive ground track of this orbit is 
almost impossible for someone new to orbital motion to 
visualize given its highly elliptical nature.  However, using a 
software graphical display it is possible to see the orbits from 
varying distances in fixed space, from above a non-rotating 
earth with the orbital planes moving relative to the fixed earth, 
or even from a reference frame fixed to the satellites 
themselves.  These are genuinely astonishing perspectives that 
students could not individually access prior to the advent of 
personal computing and powerful software.  Astrodynamics 
taught today without the use of such remarkably visual 
software, will not provide the best learning experience for 
students and will not readily inspire the students to go beyond 
the limits of the course to ask the critical questions that will 
grow their understanding. 

Giving students and teachers more opportunities for feedback, 
reflection, and revision 

For the first time in my teaching career, I am administering 
short quizzes to my students and requiring them to submit 
critical thinking questions to me prior to class using an 
internet enabled Blackboard course site.  The website 
automatically provides feedback to students on their quiz 
performance.  Prior to class, I view the quiz results and their 
questions, and then I can adjust the learning activities for the 
day’s class.  Often, I will facilitate a student discussion of 
particular critical thinking questions.  While several students 
have mentioned that developing these questions is the most 
difficult part of their class preparation, the quality of the 
questions has been steadily increasing during the semester, 
and they provide insights into the current level of 
understanding about course concepts.   

Feedback, reflection and revision can be substantially 
improved in most engineering courses.  Often, homework is 
not returned with feedback for over a week, and because the 
class has moved on, there is very little opportunity for 
reflection or revision.  The next step might be for the students 
to submit all course requirements electronically so I can 
initially review their draft efforts and give them feedback 
within hours to allow them to modify or change their methods 
or interpretation after more reflection. 

Building local and global communities that include teachers, 
administrators, students, parents, practicing scientists, and 
other interested people 

Contact with clients and professionals, particularly in senior 
design courses where students work on authentic problems, 
has raised the level of student motivation and understanding.  
At present, one of our design teams is working with U.S. 
Army Engineers in Iraq on infrastructure design problems.  
Video teleconferencing in addition to email has provided an 
effective means for interaction and brought both students and 
faculty into the network of professionals solving problems in a 
difficult environment.  The public performance of the student 

teams in full view of this global community also amplifies the 
stimulus for learning. 

Expanding opportunities for teacher learning 

In today’s world of accelerating technological change, just 
keeping up with new technology is almost a full time job.  
Lately, the use of intelligent agents or regular emails from 
technology sites providing summaries of and links to the latest 
information in desired areas has become very useful.  I 
regularly peruse about six of these intelligent agent emails a 
week.  More and more I find myself searching for information 
I would like to include in a course and finding it.  I became 
very interested in understanding in detail how Johanes Kepler 
actually used the astronomical data of Tycho Brahe to 
calculate the orbit of Mars about 1610.  The data and the 
outline of a process for duplicating Kepler’s experiment were 
found on the internet and will be used as a future project in the 
course.   

In addition to teacher learning, internet technologies 
provide significantly opportunities for life-long learning for 
all.  Even if we knew what the important future technologies 
might be, it would not be feasible to teach them all.  
Therefore, the engineers who graduate today will have to learn 
how to design using new technologies and new tools, and 
those with the highest quality learning ability will probably be 
the most successful. 

CONCLUSIONS 

The recent rapid change in the tools available for both 
engineers and engineering students has changed the way in 
which we think about solving problems.  While some change 
is being made to ways the engineers are educated, greater 
changes to engineering education are needed to take advantage 
of the new ways of thinking about engineering and problems 
solving. 

First, engineering educators need to recognize the power 
that new technologies have to transform the way engineers 
think and, therefore, the way they are educated.  These new 
technologies need to be explored and often it is the younger 
faculty and even the students who can be of assistance in 
efficiently mapping the capabilities of these new tools.  Look 
for the opportunities to actively engage the students in the use 
of these tools to answer questions, to solve problems and to 
gain fresh perspectives on what it means to be an engineer and 
to create technology.   

It is clear that the historical emphasis of engineering on 
analysis and calculation is no longer needed.  The increased 
power of computing and the availability of software to 
eliminate the drudgery from calculation should change the 
focus of engineering education to the more intellectually 
difficult steps of the problem solving and design process, 
particularly to the modeling and the interpretation steps. 

RECOMMENDATIONS 

• Embrace the power of technology to change the way 
engineers think and to advance learning.   
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• Experiment with use of technologies in the five areas 
suggested by “How People Learn”.   

• Appreciate the increased freedom to concentrate on the 
more difficult portions of the problem solving process 
that do not lend themselves to solution by the computer.  
However, even the understanding the problem step can be 
substantially assisted by the computer’s ability to 
organize information and recognize patterns using tools 
such as Quality Function Deployment and Microsoft 
Project.   

• Help develop the new tools for engineers and students of 
engineering that will further enhance the engineering 
process.   

• Use the power of new technology to enhance the student’s 
understanding of the fundamentals of the physical world 
particularly though the power of visualization.   

• Facilitate the use of technology to develop accomplished 
problems solvers and designers.  But the single most 
important ability that students must become expert at is 
the use of technology to continue their education and 
growth as engineers.  Faculty must be role models for 
learning and show the way to most efficiently and 
effectively keep pace with the accelerating increase in 
knowledge. 

• Finally, engineering educators must provide their students 
a glimpse of the unbelievable potential of technology to 
serve all of humankind.  Doors must be opened on the 
accelerating world of technology and students provided 
access to the unlimited possibilities of the Future. 
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