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“Creating mathematical models using spreadsheets can help students learn at deep levels in 

both science and mathematics, and give teachers an excellent opportunity to integrate these 

two disciplines.“ (Horton, Leonard 2005)   

Abstract: 

Spreadsheet software is widely used and versatile.  Calculations can be replicated in mass with simple commands and familiar symbols are used for 

mathematical operations making it excellent for teaching students to analyze data.  The very aspects that make data analysis and presentation 

intuitive make the spreadsheet ideal for model building.  Models that simulate realistic behavior are usually inherently complex due to the fact that 

they require mathematics that is well beyond the level of most high school students such as calculus or differential equations.  Due to this 

limitation problem solving at the high school level typically emphasizes word problems evaluating a single algebraic equation (or at higher levels a 

system of equations) which inherently limits creativity or understanding due to a mathematical capability (or computational rate) shortfall.  

Students are also encumbered by the amount of time it takes to perform algebraic manipulations and hand calculations.  This makes in depth 

understanding often elude students with a number of different scientific phenomena.  This is because after the algebra and computational 

algorithms are worked out, students must then reflect back and imagine the mathematical behavior to truly envision the implications of certain 

phenomena.   

This paper describes how to use a spreadsheet to open up the modeling capability of the realm of calculus and differential equations for high 

school students while using exclusively algebraic equations.  This is done by employing numerical methods (such as slope of lines, areas of 

trapezoids, difference equations) incrementally over large numbers of cells (10
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4
) on a spreadsheet.  This approach has been used to develop 

models of all types in all branches of STEM in a way that precisely guides students (and teachers) to build a wide variety of models to investigate 

course content.  After programming a spreadsheet model, students then use inquiry, discovery based learning to gain deep understanding about 

the phenomenon.  This was done with the goal of improving skills on spreadsheets for students but clearly serves to help school teachers satisfy 

the Next Generation Science Standards (NGSS) which, as of 2017, have been adopted in 18 states.  This approach has been student tested and 

serving educators in 96 permanently licensed pilot schools since 2009 during which the materials have been systematically expanded and improved 

through data reflection, current student and alumni interviews in addition to teacher and administrator feedback from client schools.   

While the objective of this paper is academic (to outline how to use numerical methods on a spreadsheet), the goal is also to inform all those 

concerned with students success about The Spreadsheet Lab Manual (SLM).  It is the position of the author that SLM is fastest and most time 

efficient way for teachers and professors employ these methodologies to satisfy NGSS.  That immediately allows students to write and learn with 

spreadsheet models across all disciplines of science and math in any high school, community college or undergraduate institution.  Students of all 

levels can then experience building their own spreadsheet models from blank worksheet to working model and then be guided to observe the 

outputs, investigate variables, solve problems with and write about their interpretations.  They in turn will gain skills and real computational 

capability (and all of the many other benefits) that experience and mastery with spreadsheets will provide them in the future. 

Introduction: 

Recognizing the need to produce students proficient in Math and Science along with the surge in 

emphasis of STEM, (Integrating Science, Technology, Engineering and Mathematics), computational 

capability is a system wide limitation that can be immediately improved by expanding the use of 

spreadsheets.  Despite increasing access to computers in the classroom and many students having smart 

phones with capability exceeding that of the desktop computers a mere half decade ago, students still 

use single strand entry calculators (such as a graphing calculator) as their first choice for performing 



calculations.  By providing students proficiency with the skills and methodologies practiced in The 

Spreadsheet Lab Manual lessons, science teachers can improve calculating power by several orders of 

magnitude and simultaneously enhance content learning by expanding modeling capability.  This is 

accomplished by modeling with numerical methods such that any content able to be modeled with 

calculus can also be done algebraically using numerical methods on a spreadsheet.  This is done using a 

combination of fixed and relative cell references and algebraic equations that can break any non-ideal 

phenomena (with continually changing variables) up into a large array of separate ideal cases (over 

which the variables are assumed to be constant) recalculated for each subsequent interval.  Even when 

computing arrays with 10's of 1000's of calculating cells, computer processing limits exceeding 109 Hz 

(>1gHz) produce nearly instantaneous results.  With a sufficiently small step size, the error associated 

with the numerical approach falls well below the limits of the model sensitivity.  Utilizing calculus 

principles in order to build models (while only using algebraic equations iteratively on a spreadsheet) 

produces a number of immediate benefits for students and teachers alike: 

 Highly realistic models can be developed and studied quantitatively by all students.   

 Students who struggle with algebra or calculation algorithms can study mathematical behavior 

including altering variables and instantly observing the resulting change on a graph. 

 Students gain skills analyzing data using spreadsheet functions and formula writing along with 

experience navigating and problem solving on spreadsheets. 

 Seeing calculus concepts applied in an interactive, real world model makes math more intuitive. 

 It validates the learning of algebraic equations to skeptical students by showing relevance to 

non-ideal phenomena (as opposed to invalidating by citing limitation of their use to ideal cases). 

 Gives students the ability to use (and appreciate) the computer as a computational tool that 

improves accuracy and efficiency in performing repetitive calculations. 

 Teachers achieve skills growth on spreadsheets as they guide their students to learn in this way 

opening up future applications, extensions and capabilities into their future instruction. 

 Students can quantitatively investigate phenomena with instant feedback on large numbers of 

calculations and directly attribute the model response to any variable manipulation while still 

having programmed all underlying computations used in the model.   

SLM  Development over a decade:   

Priorities:  Produce highly realistic and accurate models that are interesting using valid equations with SI units that 

uphold to scientific scrutiny.  Deliver maximum student skills improvement and expand mathematical model 

building and computational capability across all disciplines of STEM.  Standardize the pedagogy to make activities 

fast and easy for teachers to implement and for students to overcome learning hurdles with spreadsheets.  

Challenge expert teachers to advance the pedagogy. 

The founding principle of SLM since development of the first module began in 2005 was to expand 

applications for spreadsheets in education to give students mastery of the necessary skills to efficiently 

and accurately analyze data in higher education and the work force.  The pedagogy of the spreadsheet 

based modeling activities, or as students call them, "Spreadsheet Labs," evolved over several design 

iterations considering data collected over 4 design loops.  Among the techniques used were polling 



different populations of students who experienced spreadsheet labs over 1 or 2 school years and polling 

teachers who have experienced workshops.  This data, along with direct student observation,  academic 

research and online teacher survey data (collected through a website survey taken by teachers and 

administrators in exchange for discounted admission to the pilot program for their school) were all used 

to develop the various aspects of the pedagogy, training regiment and membership model.  Each 

"Spreadsheet Lab" was aligned to the high school Science or Math curriculum content and piloted by 

teachers in their own classes with their students.  Teachers from SLM schools have reported back regular use 

and expansion of objectives to include: building new additional assessment questions and designing their own 

activity extensions, design projects, and  using Spreadsheet Labs as a resource to produce theoretical values to 

compare with or make predictions about real experimental data. 

After reflection on student data from the (16 module) 2009 revision of The Spreadsheet Lab Manual 

pilot and receiving valuable feedback from the teachers at member schools in NJ and CA, "Development 

Questions" were added to all Spreadsheet Labs to assess the model building and formula writing portion 

of the activity.  This served to increase student self assessed understanding of the meaning of formulas 

as well as better understanding of IF functions, cell referencing and "Goal Seek".  Students surveyed who 

agreed or strongly agreed that they "understood the majority of formulas used in spreadsheet labs" 

went from 70 percent to 85 percent after application of development questions as a method of 

assessment was one of several significant findings of the study.  Membership was expanded steadily 

both in reach (96 Pilot Schools across 13 states) and teacher resources provided (brand new modules, 

skills added, design projects, hands on experiment applications, research supplemental activities, 

formula adaptations and a complete revision for Google Sheets compatibility, template blanks with 

columns pre-labeled to save class time, and lesson plans with full NGSS alignment in 2017-18 with DCI's, 

SEP's and CCC's).   

Most SLM content was developed years ahead of NGSS. This is why the pedagogy of guiding students to 

program a model and then study the model employed in every "Spreadsheet Lab" has remained the 

same.  Being radically different from traditional (i.e. textbook based) instruction, NGSS established a 

clear direction for science education instruction with Science and Engineering Practices (SEP's) intended 

to drive learning through modeling and design optimization.  The fact that years ahead of its adoption, 

many NGSS Disciplinary Core Ideas (DCI's) and all SEP's align precisely with SLM experiences developed 

for teachers to provide for their students is not a matter of luck but the result of emphasizing the actual 

skills sought by employers.   It is not just the ubiquity of spreadsheets, but also the increase in 

computational capability that the spreadsheet offers, that makes SLM an essential package for any 

STEM learning institution.  There is no denying the growing need for students to become technologically 

proficient.  Joining The Spreadsheet Lab Manual (SLM) resource network gives school administrators a 

means to provide all teachers in their school instant and permanent access to all SLM content including 

all future updates.  Teachers can then review the lesson plans and install any student experiences in line 

with their curriculum priorities (skills, standards or content) while minimizing time spent developing or 

searching for NGSS aligned content.  Other direct educational benefits are itemized below: 



 The Next Generation Science Standards (NGSS) has recognized the case made in the original 

2009© Spreadsheet Lab Manual Research and Benefits Paper that "computer modeling and 

simulations are a necessary element to thorough understanding of advanced topics." 

 The evolving curriculum requirements (NGSS (2017), PARCC (2015), Common Core (2009), 

NJCCCS Technology Standards(2004)) have become increasingly aligned to the tested SLM 

models and content already in use in schools across the country.   

 The self guiding nature of each "Spreadsheet Lab" helps differentiate instruction for students 

working alone or in groups while the teacher circulates to directly observe, assist and assess 

completion of the program.  This serves as ongoing teacher professional development. 

 The calculating power of a spreadsheet enables use of numerical methods through fill handle 

replication over 1000's of data points using algebra based (ideal) equations to model realistic 

non-ideal/dynamic phenomena with minimal error and no calculus needed.   

Our goal is to extend the use of this package to all science classrooms in order to produce more 

computer literate students with a deeper understanding of the approaches to solving real world 

problems.  This goal aligns directly with the intentions of NGSS and was ahead of its time.  A complex 

problem often warrants a simple solution:  Our solution has been to use spreadsheets right now in high 

school in the way students will need to use them in the future.  We at SLM have been working tirelessly 

to get educators informed about how to optimize their computational and data analysis skills and their 

students' skills by simply getting them working more on spreadsheets.  Every graduate that goes on to 

higher education without the necessary skills will experience decreased productivity and chance of 

success in higher education and careers. 

A Need for Technology on all Levels: 

Businesses and industry quickly realized that spreadsheets are an extremely valuable tool that can 

dramatically increase efficiency and worker output.  In the face of competition and the need to produce 

people that must enter the work force (Kieffer 1996), colleges have also integrated computers into all 

aspects of science, engineering, business and economics.  However, despite ongoing emphasis on 

technology including spreadsheet use, some high school science students are not learning these skills to 

be adequately prepared for college.  It has long been suggested by many educators that spreadsheets in 

the classroom are an integral skill that will become an important aspect of education in the new 

millennium (Ozgun-Koca 2000).  “[There has been research and evidence to suggest] the possibility of 

enhancing students' capability to shift between a wider range of representations using the modeling 

approach embedded in computer environments such as a spreadsheet” (Molyneux, Hodgeson, Rojano, 

Sutherland & Ursini, 1999) 

“Not only is a spreadsheet easy to use, but it can also provoke student-centered, discovery-centered 

learning (Beare, 1993; Beare & Hewitson, 1996; Baker & Sugden, 2003).  In the course of utilizing [the] 

spreadsheet, the interaction between fellow students, teacher and student, and computer and student 

becomes active (Hershkowitz, Dreyfus, Ben-Zvi, Friedlander, Hadas, Resnick & Tabach, 2002), and as 

students are enabled to design and manipulate more dynamic and visual spreadsheet models they are 



also able to explore diverse aspects of a phenomenon (Molyneux, Hodgeson, Rojano, Sutherland & 

Ursini, 1999; Neuwirth & Arganbright 2004)” (Hong-chan Son & Hee-chan Lew 2006).”  

With the last decade of policies shifting government and medical records to be stored electronically, 

metadata, data based decision making, and a growing variety of new 21st century jobs, students with 

the highest levels of computer literacy will be at an advantage in pursuing these jobs.  Because of their 

versatility and availability spreadsheets are an ideal starting point for teaching students who are first 

learning computer applications.  More specific and more complex mathematical programs such as 

MathCAD, Polymath or Maple can cause more learning hurdles because of the students’ lack of 

experience with them, and should be reserved for advanced and college level courses (Lim 2006). 

A solution proven viable and already in practice across the country: 

Instructional time is valuable and many teachers are doing great things mastering technologies and 

using them to educate their students with 21st century skills, but the spreadsheet has become a 

fundamental necessity.  With the quantity of material out there, the task of determining where to start 

can be even more overwhelming than actually spending the many hours developing meaningful 

instructional experiences.  After development, materials have to be tested by students to see how 

effective they are at producing understanding as well as be assessed for retention of the skills they are 

designed to provide.  The Spreadsheet Lab Manual has already been tested and validated by actually 

serving teachers and students.  It has a variety of training and support materials and has grown to 

consist of 26 separate classroom ready "Spreadsheet Lab Manuals," each providing a collection of 

materials that allow for multiple different instructional options that align directly with the curriculum in 

Physics, Chemistry, Mathematics, Biology and Environmental Science.  The Spreadsheet Lab Manual was 

made with teachers in mind so they can easily and time efficiently incorporate the use of spreadsheets 

in their high school classrooms as student programming activities, as resources provided to students, or 

as demonstration materials for the teacher.   

This pedagogy makes class time more productive in several ways.  Science uses math, but the level of 

the math that is needed to create sophisticated models typically requires calculus or differential 

equations.  To enhance modeling capability with calculus for students that have only made it through 

Geometry or Algebra 2 creates mathematical awareness that will enhance future understanding when 

they reach those topics.  A spreadsheet is laid out to have all relevant variables referenced at the top of 

the page, and all physical quantities that are continually changing in the simulation are counted in 

columns over a specified independent variable that is counted up (or down) by a given interval.  This 

amounts to a pivot table that can be used to alter input variables and observe the model output 

prediction resulting from that change in exactly the same way a controlled experiment can be run.  This 

can prompt study of a variety of different behaviors with a spreadsheet simulation.  The analysis 

questions in many of the SLM Analysis Questions are designed to investigate the ways in which variables 

can be altered and results observed for each different value of that variable.  To try to explain all of the 

different ways Science, Math, Engineering and Technology are intertwined is nearly impossible because 

each of them is needed to produce and study models such as "Rocket Science", "Angular Motion in 

Cars", Population Models like the "Ideal vs. Logistic" and "Predator-Prey," "Casino Gambling 



Simulations," "Compounding Interest, Debts and Amortizations," "Projectiles with Drag Force" and many 

other applications.   

This package has no filler activities but instead touches all disciplines of STEM education with problem 

solving spreadsheet applications:  S-Science, T-Technology, E-Education, M-Math.  This all happens in 

one experience using the SLM Pedagogy.   

Science:  Students program a scientific model on Excel or Google Sheets that simulates some physical 

phenomena.  They reference key variables in the top rows and design experiments to test alteration of 

variables. With this students can very quickly test and observe the outcomes of systematically 

experimenting with variables that they have programmed into the model.   

Math:  Students will use numeric methods to apply calculus based modeling principles where 

integration, differential equations,  and differentiation are all completed with algebraic equations and 

spreadsheet cell referencing and replications.  They in turn use large arrays of interlinked calculating 

cells as a tool far more powerful than any hand held calculator for the sake of understanding 

mathematical behavior of functions evaluated over thousands of data points in a wide range of 

circumstances that can be observed instantly on graphs, using spreadsheet functions or within data 

arrays.   

Engineering: Students will be designing solutions to problems, programming solutions to problems and 

using models to make predictions about scaling up to a larger prototype.  Doing cost analysis, going 

through various design loop scenarios, and every time build, test and study a working computer model 

of a spreadsheet simulation.   Some will be in the various disciplines of engineering, but all of the 

activities are guided software engineering.   

Technology:  The technology that stars in SLM is the spreadsheet.  It is far superior to any other possible 

quantitative data analysis program that could be used at the high school level.  Think about how many 

companies make it so that their data files are exported to be Excel spreadsheets because that is the file 

type that the majority of the computer based data of the world now exists upon.  There have also been 

other forms of spreadsheets that have come to exist (Google Sheets, Apple etc.), but they are all 

compatible with Excel because they have to be in order to be usable.  Every business is invested in Excel 

not just by their files and body of work but also by the skills of the work force.  Excel Spreadsheets need 

to be expanded because they enhance calculating power geometrically, they reduce errors that arise in 

doing repetitive calculations, and they can be corrected very quickly, all of which dramatically enhance 

model building capability.  They are used everywhere so students need mastery of them to be successful 

in the future.  There is no other software that can claim so many simultaneous benefits!   

Classroom Requirements 

Each SLM "Spreadsheet Lab" activity starts with an introductory slide show (PPT) given by the teacher 

and requires only that the students have access (alone or in pairs) to a computer that can run Microsoft 

Excel or Google Sheets.  Every SLM experience is started from a blank spreadsheet and the model is 

programmed completely by the students simply by following the procedures on the handout.  In doing 



so, students assemble a model with calculating cells numbering from several hundred to tens of 

thousands that perform relevant calculations, carried out and replicated instantaneously on a 

spreadsheet.  Students will see that being able to generalize expressions and write formulas on a 

spreadsheet can help model a variety of situations using networks of cells linked together and then 

replicated with the fill handle.  Successful development of the model under the supervision of the 

teacher gives both student and teacher a chance to learn in a group environment where the more 

experienced students help their classmates as well as their teacher enhance their skills further.  Also this 

is an excellent opportunity to differentiate instruction for classes with wide ranges of student ability. 

Also, manipulating input values will allow the students to recognize overall trends in the behavior of 

their model and gain a more in depth, interactive view of the mathematical relationships being used.  

Students tend to focus on the algorithms that go into solving a problem to know how to get the answer 

(such as algebra; entering numbers in a calculator; order of operations; writing out their work) rather 

than focusing on general trends.  By first solving the problem by making the spreadsheet model, the 

students can then focus their attention entirely on interpreting the results of their model and develop a 

deeper level of understanding of the content being modeled and the math being used.  Immediate 

feedback allows students to view the big picture when manipulating a spreadsheet, rather than getting 

lost in tedious calculations. (Rochowicz 2002) 

Spreadsheet Calculating Power Put to Work with Numerical Methods: 

For Physics Teachers, a common frustration is to tell students they must disregard very real phenomena 

(such as drag force on a projectile) because the math involved is slightly more complicated than that 

which can be done by their students.  The fact of the matter is some things cannot be done without 

math that is well beyond that of even the highest level honors student in high school.  Engineers use 

computers as a primary tool for design, and rarely does an engineer develop explicit solutions for 

complex problems.  They often use computer programs that use numerical methods to solve problems.  

These numerical methods solve complicated functions that change continually by breaking them up into 

small pieces and solving them piece by piece assuming linearity over the interval.  This is the approach 

used for generating models in the Spreadsheet Lab Manual.  Essentially 100 to 1000 line segments can 

model continuously changing quantities with relatively small error. 

Only top students are learning the fundamentals of calculus as seniors and still fewer know the 

implications and importance of numerical methods of calculus.  While the word calculus instills fear in 

the hearts of most students who have not yet taken it, the concepts of slopes and areas are covered in 

detail in the Math and Science curriculum.  Therefore, students with this underlying mathematical 

understanding in place as well as those needing reinforcement can benefit from the Spreadsheet Lab 

Manual Experiences as they use and reinforce calculus principles without actually doing calculus. 

Many SLM models have applications with motion of an object that includes velocity dependent forces 

(such as drag force, requiring differential equations), non-uniformly accelerated motion (integrals and 

derivatives) and changing conditions requiring IF functions with multiple possible outputs.  Also, 

dynamic heat transfer with object temperatures continually changing (differential equation), population 



models with size dependent growth rates; competitive interactions; predator prey interactions, and 

graphs of functions that use algebraic applications of calculus principles in quantitative representations 

and models.  This means that students will recognize equations as they enter them because they study 

them in class, and can be observed in the "Governing Equations" table, discussion section and in the 

brief introductory slide show.  Then replicating formulas over the entire model and displaying a graph or 

data table output, an interactive visualization of the math can be realized as a result of the calculating 

power offered by spreadsheets.  Students need not know any calculus at all and will not even know they 

are using calculus principles, since the spreadsheet applies them algebraically.  The math is directly 

inputted by students during the programming phase, not hidden, buried in code behind a modeling 

interface of graphics and number inputs.  

Rather than seeing Euler's Method as students would learn it in a calculus class in formula notation they 

see it working to produce data that models something directly observable.  This gives meaning to the 

math and better understanding of the phenomena being modeled.  For an unknown function, Y=f(x) that 

is known at any given point, (X0,Y0), having a known derivative function, f'(x), Euler's Method can be 

used to approximate the functional values (Y values) by stepping forward in the X direction by small 

steps based on the slope of the function at the given point.  It states that the next Y-value, Y1, at a given 

(small) step size (h) above the known Y-value, Y0, is approximately equal to the following:  Y1= 

f(x0)+f'(x0)*h where f'(x) is the slope, Y/X at  X0.  Since f(x0) is simply Y and h = X1-X0 = X this works out 

for any case to be Y1 = Y0 + Y.    This essentially approximates a curved line as a straight line segment.  

The step size, h (which is typically a time interval) is referenced at the top of the spreadsheet and the X 

values are counted out in an assigned column with a fixed reference to the h-value and relative 

reference to the previous X value.  Drag and drop can replicate this formula as much as could be 

reasonably needed for the particular model.  The Y-values can then be calculated as a data set and 

graphed vs. the X values.  Integration of any function is therefore able to achieved with system of linear 

equations solved over a single interval and then replicated and recalculated with the spreadsheet.   

Numerical differentiation and integration are among techniques used extensively in a number of 

different models.  Any model in which the forces on an object are known but vary of the course of the 

motion in either magnitude, direction, or both, this method can be used.  Simply applying the definition 

of a derivative allows for taking the slope between any 2 points using relative references replicated with 

the fill handle to produce a data set that is essentially the derivative of that function.  For example, data 

exists in columns of 1000 X and Y values for which the derivative must be calculated.  The X values are in 

column A and the Y values in column B.  Simply calculate the slope of the first two data points and that is 

the average value of the derivative over that interval.  As long as the interval is sufficiently small (linear 

approximation is a good fit to 4-5 significant figures) then the error introduced by linearization can be 

kept smaller than the systematic error introduced by the model assumptions and accuracy of input 

values being tested.  Adding additional 1000's of rows is feasible although file sizes should be limited for 

storage and performance issues can arise when file sizes get too large (particularly with Google Sheets 

on slow networks). 

Non-Uniform Acceleration Solved with Algebraic Physics Equations on a Spreadsheet: 



A non uniform acceleration vs. time function is a polynomial that could have been calculated with 

Newton's 2nd Law from some variable net force over a specified time interval.   This method will work 

even if this is a first order (acceleration is a function of velocity) or second order (acceleration is a 

function of position) differential equation, or any other specific situation that can be modeled such as a 

rocket with finite fuel, changing direction and virtually any other continuous change in conditions.  If an 

initial velocity and an initial position are defined, then no calculus is needed to perform the integration 

needed to obtain the Velocity and Position data as a function of time.  First, decide how many points 

over which to evaluate the acceleration (which will be in column B).  The example calculations will be 

evaluated over 5, 50, and 500 data points.  Models requiring precision can easily be accommodated by a 

spreadsheet over 1000, or 10,000 separate data points.  This is because greater variance in the 

acceleration over the entire interval will require more data points to limit error.  At the top of the 

spreadsheet cells are defined and are referenced as the time interval by which to count and an initial 

time and then label Column A below it as "Time" and set the first value below that label as the initial 

time set in cell A2 as shown.  In the 2nd cell down in the time column, type the formula "=A5+$B$2" to 

count by the time interval set in B2 starting at the time set in A2.  To calculate the acceleration at every 

point in time simply evaluate an acceleration function, a(t), evaluating the time in column A for that row 

starting in cell B5.  Fill handle replication will evaluate each subsequent point producing Acceleration vs. 

Time data.  Over a sufficiently small time interval the linear equation: [VF = VI + at] uses Euler's Method 

to calculate out the velocity using the acceleration function starting from any initial velocity condition 

that can be set in cell C5.  In C6 the initial velocity is relatively referenced to cell C5 and added to the 

acceleration in row 5 multiplied by the time interval leaving the final velocity in C6.  The fill handle will 

produce the velocity data for the entire data set.   

  A B 

1 Initial Time (s)  Time Interval (s) 

2 0 0.1  

3     

4 Time (s) Acceleration (m/s
2
) 

5 =A2  =f(A5) 

6 =A5+$B$2   

The same can be done for position in row D setting initial position in D5 and using the velocity function 

as the slope of the function at each point and using the linear equation: [Xf=Xi + Vt] 

Newton's Law of Cooling:  This states that an object that is hotter (or cooler) than its environment will 

lose (or gain) heat at a rate that is proportional to its temperature difference with the environment.  The 

temperature changes as the object loses (or gains) heat, which means that a differential equation must 

be used to model temperature vs. time that incorporates a number of different factors.  The math 

immediately limits students of all levels (except for some seniors late in their term).  Students are more 

than capable of conceptualizing something they see every day and over a small time interval; constant 

rate assumptions make the math a simple linear equation; students have simply not reached the point 

where they can model the entire (variable rate) case analytically.  This is where the numerical method 

combined with the spreadsheet becomes very powerful because a spreadsheet can perform 1000's of 



calculations instantaneously and it can be programmed with relative ease.  Simply knowing the rate of 

heat transfer an object experiences with the environment at a single constant temperature (higher or 

lower than that of the environment) then applying Newton's Law of Cooling over a single fixed data 

point, an entire dynamic model using Euler's Method over 100's of intervals can immediately be built.  

All that must be done is to choose a suitable time interval over which the object's temperature does not 

vary significantly and then replicate the calculation over several hundred data points using the fill 

handle.  At the end of each interval, the final object temperature and a new rate of heat transfer get 

recalculated and then those new values get used for subsequent intervals.  Once the cell referencing 

pattern is established and replicated, the entire data set can be viewed as a numerical solution to the 

differential equation by graphing object temperature vs. time and the time interval adjusted to keep 

error within an acceptable limit. 

Other problem types modeled and solved in the Spreadsheet Lab Manual:   

 Terminal velocity (Physics: motion and forces) 

 Projectile motion with air resistance (Physics: motion and forces) 

 Graphing motion of a rocket with changing mass due to burning fuel and air resistance acting on 

it (Physics: motion and forces) 

 Shifting gears, tire size and mass in a car and accelerating it with torque (Physics: motion and 

forces) 

 Inflating a balloon and plotting buoyant force and weight vs. diameter (Physics: buoyancy) 

 Superimposing Wave functions to observe interference and beats (Physics: waves) 

 Performing Electrostatic field, force, potential and PE calculations (Physics: electrostatics) 

 Analyzing mathematical relationships in circuits (Physics: current electricity) 

 Generating heating/cooling curves of objects and ambient fluid heat transfer (Chemistry:  heat) 

 Predicting limiting reactants & percent excess for chemical reactions (Chemistry: Stoiciometry) 

 Simulating titrations (Chemistry: acid-base reactions) 

 Graham's Law, Diffusion and Effusion (Chemistry: Kinetic Theory) 

 Graphically display Boyle's Law, Charles'Law, Gay Lussac and Avogadro's Law (Chemistry) 

 Comparing population growth in ideal and logistic models (Bio/Environmental: populations) 

 Modeling predator prey interactions in an ecosystem (Bio/Environmental: populations) 

 Simulating Recessive and Dominant Genetic Traits (Biology: Genetics) 

 Solving and graphing quadratic and nonlinear equations (Math, Algebra)  

 Modeling investments, compounding interest and amortizations (Math, Finance) 

 Simulating casino games to analyze the probability of winning or losing (Math, Probability) 

 Investigating aspect ratios of cans and cost analysis (Math, Geometry) 

 Probability Simulation of "Let's Make a Deal" (Math, Probability) 

 

Visual model outputs give students an opportunity to analyze graphs and large tables of data.   



As early as the NJCCCS Technology Standards and through NGSS SEP's, it has been clearly specified that 

interpretation of trends in data and using graphs are important elements of scientific study.  Students 

will generate graphs in order to solve problems, interpret and describe the trends and behavior of a 

model, and compare multiple graphs’ behavior, locating intersection points and superimposing two 

graphs to produce a graph of the sums to analyze wave behavior.  Rather than simply viewing graphs 

that are given to them, students are given instructions to construct graphs using the spreadsheet 

program and interpret them in the analysis section of the activity.  On top of this students are also are 

required to manipulate the input values, observe and analyze changes in the graphs resulting from these 

manipulations and write about it their observations.  The experience is far more engaging than making 

graphs by hand due to increased efficiency offered by the spreadsheet.   

Students pursuing engineering and science degree programs will gain high level experience in formula 

writing and data analysis using spreadsheets. 

Engineering and Science majors demand that students use computers to analyze large samples of data, 

model complex situations, and organize and generate visual outputs of data such as graphs.  As a result, 

these students are expected to be proficient in using spreadsheet programs on a higher level than most 

other majors. One may think that this expectation could be fulfilled simply by taking an introductory 

course on using spreadsheet programs.  However, unless the course deals specifically with analyzing 

scientific data, the content of the course will typically be less technical.  This is because the content in 

most instructional courses for spreadsheets is simple material that must be easily understood by all with 

no math or science prerequisites.   If those courses had Physics, Chemistry, Biology or Math even as a 

co-curricular requirement, they would compromise their primary objective, which is to give basic skills in 

those programs.  By accomplishing the stated objectives in each lab of the Spreadsheet Lab Manual, the 

same objective of an introductory spreadsheet course will be a consequence of a student’s completion 

of his or her science requirements in high school.  Furthermore, once students recognize the value and 

time saving capability of spreadsheets, they will immediately put them to use in data analysis of hands-

on laboratory activities.  Students will go on to college having worked on and experienced the 

fundamentals of calculus (without actually calling it calculus) and will have gained valuable experience 

analyzing data using spreadsheets in the process.   

Long term benefits to your students and teachers: 

Colleges have to make their students computer literate when those students do not have sufficient 

experience in high school.  In many cases colleges require computer literacy courses that include 

introduction to spreadsheets (Kieffer 1996).  Students with experience having worked on spreadsheets 

will be less likely to encounter difficulties in the future when content will be more difficult and 

simulations and computer models are necessary elements of their course work.  By offering training in 

this area to teachers their students will be more technologically proficient and have a better 

understanding of the modeling techniques that are used in science and engineering.  When teachers 

expand their own use of technology in the classroom and become geared toward further implementing 

instruction with spreadsheets in the future, the calculating efficiency that spreadsheets offer can be fully 

realized.  The SLM materials produce ongoing growth when students and teachers learn and gain ever 



increasing capability with spreadsheets side by side through guided activities that have been proven 

effective and are in use in classrooms all over the country. 
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