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Introduction 

For incoming freshman and sophomores, colleges offer a Fundamentals of Engineering 

course.  This course is generally an opportunity to motivate the incoming engineering students to 

commit to engineering as a career.  Most students have some uncertainties in pursuing 

engineering.  Some incoming students are more mature than others and more mentally prepared 

for the rigor and discipline of engineering courses.  However, some students are not as mature 

but can be inspired to become more serious.  With an encouraging preparation in the 

Fundamentals course, more of the maturing students can be motivated to excel in their junior and 

senior level courses. With some nurturing, it is possible to engage that deeper latent talent of all 

ambitious engineering students.  The objectives of the course are: 

1. to prepare students for their future engineering courses, 

2. to introduce students to the various engineering disciplines, 

3. to use the electronic spreadsheet as a tool for solving engineering problems, and 

4. to prepare students for the business world of engineering. 

Most engineering curricula do not include courses on how to use the spreadsheet. The 

general attitude of engineering faculty is that the spreadsheet is picked up through on-the-job 

training. However some exposure on how to use a spreadsheet effectively for engineering 

applications can go a long way to adapting the spreadsheet to more highly sophisticated analyses. 

Graduating engineers will eventually use specialty software such as finite element analysis with 

greater confidence when computer applications become second nature to them. The 

Fundamentals course offers the engineering student an early opportunity to apply the versatile 

software of the portable computer to realistic analytical applications. 

A well-structured Fundamentals course will appeal to the entering student’s need to 

perceive his or her future career in engineering. At Palm Beach State College (PBSC) in Boca 

Raton, Florida, the Fundamentals course objectives are achieved by:  

 assigning each student a 10 minute PowerPoint presentation on a “Famous 

Engineer” and 

 requiring the use of the electronic spreadsheet as a tool for solving engineering 

problems. 

The Famous Engineer Presentation   

As an icebreaker with the first class, students are asked to stand up in turn and introduce 

themselves to the rest of the class. They are prompted to mention where they went to high school 

and how they chose engineering. As the instructor, I get a feel for the mix of students. Some are 

forthright and others are shy. Most have some idea of the engineering field they intend to pursue. 

In general, my classes are evenly divided between civil, mechanical, electrical and computer 

engineering interests. My course is designed to expose all students to these fundamental 
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engineering disciplines as well as aerospace, nuclear, environmental, robotics and other 

engineering disciplines. My primary method for this exposure to their broader options in the 

engineer profession is through the Famous Engineer presentation project.  

Students are given a list of over thirty famous engineers as a suggested starting point.  

They can propose engineers from this list but are also encouraged to propose engineers that may 

not be on my list.  For example, a student from India once proposed a civil engineer who was 

famous for his projects in India. Other students have proposed famous engineers from other 

countries as well.  I have been flexible to approve famous mathematicians, famous entrepreneurs 

and famous business leaders as well.  I assign presentations to begin in the second week of 

classes.  Each class begins with two ten-minute famous engineer presentations using PowerPoint 

(a product of Microsoft, Inc.) software so that by the middle of the term all students have made 

their presentations. Students select from engineers such as Gustav Eiffel, Nikola Tesla, Burt 

Rutan, and many others from the past as well as current famous engineers. Through these 

presentations, the students become more acquainted with a wide range of engineering disciplines 

and thereby enable students to select or to confirm the pursuit of a particular discipline. The 

experience also builds self-confidence as they picture themselves making a technical 

presentation to an engineering board. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Famous Engineer Presentation 

Gustav Eiffel Burt Rutan 
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Using the Spreadsheet as an Analytical Tool 

The primary tool for most engineers in industry is a desktop computer or laptop 

computer. The scientific calculators have become desk hermits. In the near future, the electronic 

tablet or smart phone will be every engineer’s analytical companion. Engineering courses need to 

apply these ubiquitous tools to problem solving. The electronic spreadsheet, and Excel (Excel is 

a product of Microsoft, Inc,) in particular, is universally used for compiling and processing 

extensive tabular data, creating bar charts and line charts and for importing interim results from 

MATLAB and other sophisticated analytical software.  Freshman and sophomore engineering 

students want an insight to what engineers actually do on the job. They want to be inspired and 

challenged to adapt the tools and software that engineers actually use for problem solving and 

presentation of results. 

When I first started teaching the Fundamentals course at PBSC, I selectively adapted the 

spreadsheet to solving textbook problems. However, over time, I began to adapt problems from 

various publications. I also formatted the problems for spreadsheet solution. Now all of my 

Fundamentals course assignments have been formatted for spreadsheet solution. A typical 

formatted assignment is illustrated in Figure 1A. In this example assignment, the area of a pond 

surface is to be calculated using numerical integration. The formatted table includes the offsets 

for each station and headings to prompt the student to calculate the interval values for Simpson's 

Rule and for the Trapezoidal Rule. The student is guided by instruction to apply the appropriate 

interval multipliers for each rule and then proceed to complete the calculation of the area of the 

pond surface.  To keep this basic example of numerical integration simple, the volume of the 

pond is then estimated based on an average depth.  Figure 1B illustrates the way students would 

complete the solution of the formatted problem. Although this problem could also be solved by 

using a scientific calculator, the spreadsheet is particularly amenable to the display and solution 

of tabular data for a number-crunching problem like this one. 

The Blackboard Intranet Site 

The Fundamentals course is taught in a “smart classroom” with twenty-four computers, 

one for each student, and an instructor’s computer connected to a projector.  Each computer is 

loaded with spreadsheet, word processing and presentation software as well as with a Blackboard 

(class intranet) connection.  In a typical lecture, all students are sent a template through the 

Blackboard connection.  The template is an assignment such as “Project 3.1 on Static Loads” 

which will be a spreadsheet file that has four to ten related problems defined.  Each student must 

solve all problems of Project 3.1 using spreadsheet functions.  Within three days of receiving the 

assignment, the solutions are posted in “pdf format” on Blackboard so that students can compare 

and correct their solutions.  On major tests (there are four) and on the final exam, template files 

are sent to the students who then solve the problems using spreadsheet functions.  At the end of  
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Figure 1B: Pond Area Solution 

Figure 1A:  Volume of a Pond Using Numerical Integration Template 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

P
age 25.168.6



the class the test files are sent to the instructor through the attachment feature of the 

“Assignments” link in Blackboard.  After all of the completed test files are graded, they are 

returned to each respective student through Blackboard.  All file exchanges and all class 

instructional materials are processed through Blackboard.  The course is virtually paperless.   

Course Topical Groups 

 In addition to the Famous Engineer presentations, the Fundamentals course is basically 

composed of five topical groups: 

Group 1:  Office Productivity Software (using Microsoft Office) 

Group 2:  Charting and Statistics 

Group 3:  Static Loads Analysis 

Group 4:  Dynamics  

Group 5:  DC and AC Circuit Analysis 

 

Group 1: Office Productivity Software 

 

Group 1 is a general introduction to the use of word-processing (Microsoft Word) and the 

electronic spreadsheet (Microsoft Excel).  In Group 1, the students perform several basic 

spreadsheet projects in class under the guidance of the instructor:  

 Project 1.1:  Student Biography (1 word-processed page) where the student writes about his 

or her background and interest in engineering.  The student also proposes a Famous Engineer 

for his or her presentation.  

 Project 1.2:  Spreadsheet Exercises (four classroom exercises): 

 Project 1.2A:  Create a “Trigonometry Table” using drawing features and math 

functions of Excel. 

 

 

 

 

 

 

 

 

 Project 1.2B:  Create a “Mortgage Table: using the finance functions, cell 

referencing, cell labeling, and row hiding features of Excel. 
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 Project 1.2C:  Apply the data sorting features of Excel for one and two level 

sorting examples.   

 

 

 

 

 

 

 Project 1.2D:  Determine the “Surface Area of a Pond Using Numerical 

Integration”.  Refer to Figure 1A and Figure 1B. 

These projects build the foundation for confidence in the use of the electronic spreadsheet as a 

tool for solving engineering problems.  Students are then assigned several other projects where 

they must apply the demonstrated spreadsheet skills independently.   

Group 2:  Charting and Statistics 

 In Group 2, students learn how to use the “Excel Chart Wizard” effectively for creating 

various types of charts including column charts, line charts and scatter charts.  Excel Chart 

Wizard uses artificial intelligence to assume some parameters for the chart that are often 

extraneous.  Students learn how to edit the data entry process (through the Data Select feature) to 

produce the intended chart results.  Students also learn how to produce semi-log charts with the 

charting features of Excel.  As part of Group 2, students learn how the spreadsheet can be very 

effective in producing histogram column charts.  Additionally, students are introduced to the 

“Trendline” feature of Excel in formulating both linear and non-linear equations from empirical 

data.  Lastly, the normal distribution functions of Excel are used to identify the probability 

ranges that may apply for normally distributed data.  Some of these charting projects are 

classroom projects guided by the instructor but students are also assigned similar projects to be 

completed independently.  A primary deliverable in Group 2 is a hard copy report of the charts 

that are prepared in this group.  This is the only hard copy assignment the students receive.   

 

  

P
age 25.168.8



  

Column Chart 

Scatter Chart with Semi-log Scale 

Histogram using Column and Line Charts 

Trendline Chart 

Normal Distribution Diagram 
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Group 3:  Static Loads Analysis 

Group 3 is an introduction to the analysis of static loads which are important to both civil 

and mechanical engineering students.  In an example from Group 3 on static loads, a loaded 

beam is formatted in Figure 2A to show the applied forces. The objective of the problem is to 

find the reaction forces. The template prompts the student to first find the orthogonal 

components of the given forces. Tables are set up to then guide the student towards the balancing 

of moments. The solution of the loaded beam problem is illustrated in Figure 2B. The student 

would move the appropriate moment curls into place on the loaded beam. A "moments table" 

prompts the student to calculate the moments and confirm that they balance (add up to zero). 

One of the reaction forces can then be identified. Tables for balancing the X-forces and Y-forces 

then prompt the student to find all of the reaction forces as required. More complex static loads 

problems are assigned to promote a more thorough understanding of the rules for balancing 

moments and forces in determining reaction forces. 

Figure 2A:  Loaded Beam Forces Template 

 

 

 

 

 

 

Figure 2B:  Solution to the Loaded Beam Forces 

P
age 25.168.10



Truss forces are also analyzed in the study of static loads in Group 3. In Figure 3A, a 

template establishes the given forces and the geometry for a simple truss problem. The objective 

is to find the tensile and compressive forces along each beam. In the partial solution illustrated in 

Figure 3B, once the reaction forces are found, then a balance of forces must be found at each 

truss junction. It is a laborious process when several junctions must be analyzed but the exercises 

reinforce the concept of the balancing of forces for static loads problems. Using the spreadsheet 

approach promotes careful organization of the problem and exemplifies a disciplined approach to 

solving complex problems in general. 

Figure 3A:  Truss Forces Template 

 

 

 

 

 

 

 

 

 

 

For the simple truss below, find the 

forces along AB and AC. Identify 

which member is in tension and 

which one is in compression. 

Figure 3B: Truss Forces Solution 
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Group 4:  Dynamics 

In Group 4 on dynamics, the subtopics include kinematics, kinetics and Newton's second 

law regarding moving bodies. Figure 4A is a template for a typical problem that requires an 

understanding of rectilinear motion and circular motion. As shown in the solutions of Figure 4B, 

the student is prompted to demonstrate an understanding of linear velocity and acceleration as 

well as angular velocity and acceleration. The problem also requires calculation of tangential 

acceleration and radial acceleration. Although these kinds of calculations can also be easily 

solved with a calculator, the discipline of organizing multiple solutions for the given multi-stage 

problem offers the student experience with a rigorous approach. 

The dynamics group, also includes exploration of energy, work and power. Figure 5 

illustrates a typical solution for a work and energy problem.  The original template was designed 

to prompt the student into the solution process. 

Group 5:  DC and AC Circuit Analysis 

In the last group, Group 5, basic electric circuit analysis is explored for both direct-

current and alternating current circuits. In the template of Figure 6A, the student is expected find 

the voltage drops across each resistor and a current through each resistor using Ohm's Law and 

Kirchoff’s laws. The solution shown on Figure 6B illustrates that students must identify where 

the currents will be common and where the voltage drops will be common. 

For alternating currents, the students must calculate the phase angles between current and 

voltage through capacitors and inductors. They can then calculate the power demand of the 

circuit. Figure 7A is a template for an RLC series circuit.  Figure 7B illustrates the solution for 

the given RLC series circuit.  In this example, the student must first calculate capacitive 

reactance and inductive reactance. Resistance and reactance components are separated between 

real and imaginary axes allowing the calculation of both impedance and phase angle. The student 

must then sketch the voltage-current phasors as well as the resistance-reactance vectors. Using 

the circuit impedance and applied voltage, the current going through the effective series of 

resistances and reactances can be calculated. Once the current is known, voltage drops across 

each component can be calculated. The Pythagorean sum of the real and imaginary voltage drops 

should result in a total effective voltage drop that should equal the applied voltage gain. Finally, 

the power required by the circuit can be calculated from the applied voltage and total circuit 

current for the derived phase angle. Parallel AC circuits can be analyzed in a similar way with 

this logical tabular approach. 
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Figure 4B:  Kinematics Problem Solution 

Figure 4A:  Kinematics Problem Template 
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Figure 5:  Energy, Work and Power Solution (template over-written) 
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Figure 6A:  DC Electric Circuit Template 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6B:  DC Electric Circuit Solution 
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Figure 7A:  AC Electric Circuit Template 
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Figure 7B:  AC Electric Circuit Solution 
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Assignments and Tests 

My course is structured to hold four major tests and a final exam. Class time is 110 

minutes (one hour and 50 min.) twice per week. Since most of the test problems tend to have 

multiple parts, the major tests and the final exam must be limited to four problems. The tests are 

relatively easy to grade. Once the electronic files for the test have been sent as an attachment 

through the assignments link in Blackboard, those files can be highlighted for corrections and 

marked for points as shown in Figure 8.  Then a total score which can be compiled on a score 

table on the same file. The graded file is then re-saved to include the markup. Once all of the test 

files are graded, they can then be returned to the students through the attachment feature of the 

Assignments link in Blackboard. As those graded files are returned, the grades are also sent to 

the Gradebook feature of Blackboard. As a result, the students receive their marked-up 

spreadsheet solutions with my corrections and an update to their current course grade. 

Consequently, students are always aware of their current grades and their overall grade 

performance throughout the term. 

Classroom Logistics 

Many colleges are reluctant to invest in smart classrooms with hundreds of computers 

that need to be maintained and software that must be continuously updated. In particular, 

commercial software can be very expensive even for student packages. However, the computers 

and software are becoming cheaper than books. Most students, and particularly engineering 

students, already own a laptop computer and bring it to campus daily. Computers are used for 

taking notes and exchanging files for various courses, so they are not exclusively used for 

engineering courses. Given the widespread use of a laptop computer by students why not require 

engineering students to buy the hardware and software as a requirement for engineering classes. 

The hardware and software standards for personal laptop computers can be made available 

through the college website. The purchase of the required hardware and software would be no 

different than the purchase of textbooks. The cost of a computer loaded with all of the commonly 

used software and electronic reference materials can easily be justified over the wide usage for 

other college courses. Most engineering students have made the investment anyway. With this 

strategy, the college could eliminate the need for computerized classrooms. A very much more 

practical and economical alternative would be to convert classrooms to offer electrical outlets at 

each desk or station so that students can plug-in their laptops for non-interrupted power. Most 

college campuses now offer Wi-Fi campus-wide, so access to the Internet and to the individual 

course intranets is possible without cable connections. 

All of the office applications software for word-processing, spreadsheet and presentation 

operations are using universal file formats and are now available for free. OpenOffice application 

software offers most of the features of commonly used office software. Some of my students 

have used OpenOffice spreadsheet software instead of Excel with very little noticeable 

difference. The operational steps are very similar between software types, so switching between  
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Figure 8:  Graded Test Problem (mark-up in pink highlight) 
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OpenOffice to some other office applications package should be easy. Eventually, with "cloud 

computing", OpenOffice may become more widely used. 

In essence, the cost of offering computers and software for college courses need not be a 

concern for college computer services departments. It will not be particularly burdensome to the 

students to maintain their own computers and software.  Engineering colleges must offer 

instruction using the tools and techniques that will be expected by the technical industry of the 

next generation. The scientific calculator sits the same drawer with the slide rule. The next tool 

will be the electronic tablet. Some private grade schools now require their students to purchase 

and Apple iPad for their classes. Their electronic tablets are loaded with all the textbook 

materials they may need.  Eventually, the textbook could become a museum piece. Anyone who 

reminisces for the "traditional" way courses were taught is going to be left in the dust of the 

"connected student" of the future. Tradition is the artifact of the obsolete. 

Conclusions 

 As previously indicated, the primary objective of the Fundamentals course is to prepare 

students for success in their pursuit of an engineering education and an engineering career.  In 

support of this primary objective, the Fundamentals course at PBSC is designed to produce the 

following learning outcomes: 

1. Students learn how to use the electronic spreadsheet effectively for: 

 Creating complicated analytical tables 

 Creating various types of charts 

 Database operations 

 Applying drawings and figures to word files and spreadsheet files 

 Importing figures and pictures to files 

2. Students learn to use Blackboard as an “Intranet” communication tool 

 for secure e-mail communication within the intranet 

 for receiving and sending announcements 

 for keeping up with individual grade performance 

 for receiving and submitting assignments 

 for downloading tests and submitting tests on-line 

 for minimizing the use of paper yet maximizing communication 

3. Students learn to apply algebra, trigonometry and statistics in engineering problems. 

4. Students learn to apply calculus in engineering problems. 

5. Students learn about vectors, moments and truss loads for mechanical engineering and 

civil engineering problems. 

6. Students learn to solve problems where force, mass, linear motion, angular motion and 

kinematics are applied. 

7. Students learn to solve problems where work, power and energy are applied. 

8. Students learn to solve electric circuit problems for both AC and DC circuits. 

9. Students learn to make (MS) Powerpoint presentations to the class on the subject of 

famous engineers to familiarize themselves with role models in the various engineering 

disciplines. 
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10. Students learn about the process for professional engineering (PE) licensing.   

 

Upon completion of the Fundamentals course, students are very self-confident and are highly 

motivated to conquer the engineering courses they will be taking after Fundamentals.  

Occasionally, I encounter juniors and seniors from the local engineering college, Florida Atlantic 

University, Boca Raton, Florida who have completed the Fundamentals course at PBSC.  All 

students who have completed the course have commented that the course is very demanding but 

they feel that it has prepared them well for the higher level engineering courses.  
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