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Interestingly our childhood and nature herself answers all the questions explored here in this presentation about what are simple and effective solutions to increase communication so that compassionate logic becomes the standard, so that each of us rises to a good and effective level of Scientific Literacy which is a necessity and empower us to exercise and learn and grow through increased Numeracy ( ie basic and essential math skills for everyday life ). The solutions are already in our possession I feel. 

That statement seems so enormous, larger than an Ocean, larger than a Planet, even larger than a Galaxy – how is this possible Ms Bri?


In our childhood we are born curious, wondering and exploring and seeking answers and the patterns of things about us so that we can understand what they are, how they work, and how to work with them as needed. This curiosity is the basis of our imagination, our hopes, our dreams, our very nature.

We are the children of the stars, that is made of star stuff – the expression of the Cosmos becoming conscious of itself and the fact we are here and we are students of life itself and on a journey. We need to go from ego to soul and develop the understanding that unconditional love is the basis of all true endeavors and that compassionate rationalism as I call it is the best way to think through feeling in life. We need to have understanding and empathy and see all of us as unique but equal and at the same round table of life and the best tools to work with this cosmic conversation is thus : first we all have the freedom of being and the freedom of expression as long as we do not affect others negatively. Second we should employ a simple set of guidelines on any and all relations in life – the 4 C’s as I refer to them : Communication – where each of us not only has a voice but we listen and we ask questions since we care and we see each other as equals. This is the fundamental goal of all relations of all sorts and is an absolute need since this is at the heart of this whole paper not just in these introductory comments and considerations but the whole idea of the paper, the story of the need to have Numeracy and Scientific Literacy as essential architectural components of the world table so that we can live, work, grow, and prosper together. This leads to the next C, Commitment – committed to common goals having essentially the same values in one or more fashions – ideals such as respect, truth, hope, honor, integrity, sincerity, humility, honesty, curiosity, and a fundamental belief we are all equal. Next is Compromise – to not see any effort on any of our parts as a sacrifice and expect something in return, but instead to give to the whole since that relation in question here ( be it two people, family members, community members, work members, ethnicities, cultures, religions, nation states and such – regardless of the relation in question since the 4 C’s applies to any and all relations in the defined capacity of the parties concerned ) but not a cost to ourselves but a compromise since this assistance helps the whole team and we all win in our own ways both collectively and individually and there is no expectation of a return on this since success is the reward. And finally the fourth C but just as important as all the other pieces – Compassion – without a love of oneself, of life, of one another and our success and supporting each other then we have nothing at all in the long run of things I feel. All of this is combined and achieved individually through having a passion in life – a purpose in life – and though this paper is about Numeracy and Scientific Literacy at its heart, realize that it is the fact we are all artists – that is a person who interprets our own unique version of ourselves, the universe and our place in it – we are the story tellers, the painters, the dancer in life, we are the creative imaginative thoughts behind all things. Every journey begins in the mind hence the heart – facts are merely points in the space of our mind much life planets and stars in the Cosmos, but it is our pathways we craft through our feelings that connects all these dots into the beautiful image we have of reality and our lives. And remember always our journey begins with our passions and thoughts in our mind and a resolve ( that is we should always resolve, solve, and evolve – my annual New Years’ if not daily resolution ) that is half the journey – the rest is the outer expression of it and how we navigate it.  

This Cosmic Piece now explores to the two most essential skills that enable understanding of ourselves, the world at large and all of its components from the atomic to the galactic namely those needed skills of Scientific Literacy and Numeracy – I will argue – in order to allow each of us to remain the curious child we always were, to be students of life, to be able to measure, estimate, calculate, and see the relations of one variable ( the Independent Variable ) and its effects on the other variable in question ( the Dependent Variable ). 

Here in my argument I present the notion that using common everyday objects, such as String, Marbles, Measuring Cups, Water, Thermometers, Plastic Cups, Skateboards, Rubber Bands, Clocks, Magnets, Batteries, Wires, Hangers, Paper Clips and such and explore any and all the key critical concepts of Science that we need to know as the basis of all of Science and can apply these ideas to larger scale and smaller scale things from Galaxies to Atoms so as to conceptualize using everyday items the models of ideas that are embedded in the nature of nature herself. We turn the Ordinary into the Extraordinary in my awesome Science and Math Activities in Galaxy Girl’s Inquisitive Pioneer Adventures. 


But there is more to this –


Numeracy along with Scientific Literacy are the two most essential skills needed in everyday life – we cannot farm and cook without measuring, without experimentation, without connecting cause to effect. If I double this amount how does this affect the outcome? Imagine you can and I do make the claim that any and all calculations involve only the numbers 1 to 10 and we can employ Scientific Notation to handle the magnitude of the questions and outcomes at hand. This is all that is needed in all aspects of our daily lives both in the home and in the job or workplace. 
In education there is a continual need to look for ‘new’ ideas to affect or solve problem areas in the access to success for learning. The problem to explore today is rooted in mathematics and moves through science and technology courses as well. 

First a side note on the importance of math and science education so as to assert its necessity. Few would argue that education beyond high school today is not required and that the primary access to the employment market is through math and science related fields. In fact one could argue that one’s math skills will determine the primary economic layer that one ascends to in society. The greater one’s math skills are, often they have greater mastery of related science concepts if needed and between the first and with the second here it grants one the adaptability in the world today. 

In such a complex world we need to be Scientifically Literate minimally so as to understand data, see the concepts in action – understand the importance of enacted ideas – to save the bees, the bears, the butterflies, the tigers, the trees, to grasp our impact on each and every biome since we can go everywhere and tap into all of the Earth’s resources, to find ways to clean the air, land, and water not only for ourselves but all inhabitants – we are the only ones who have the farthest reach and capacity to be in places and utilize resources unlike all other beings on this world and our actions affect not only ourselves, not only each other, but all life on this planet. We can see that through sound understanding and reasoning and having compassion and emoting empathy and seeking solutions. There is no science, science reasoning, compassionate rationalism in considerations or debates without fundamental Scientific Literacy which necessitates Numeracy skills as well – otherwise we are nothing more than people shouting at each other with senseless opinions and hyperbole. Sound familiar?
But all of it requires fundamentals in science education which also therefore invokes mathematics for proper understanding. It was Galileo and da Vinci as well as Archimedes that Nature has in it these harmonic tendencies, these formulaic approaches to solution and life – it is in the very fabric of reality and there for us to grasp and understand. Less we forget this is the heart of the Renaissance times and Thinkers such as Newton and Kepler as well – To question, to measure, to see the patterns and interpret them so that we collectively uncover the language of math relations present in nature at all levels from the atoms to the galaxies. – To succeed, to survive, to understand ourselves, the world, its beings, its issues, and the cosmos at large it is essential to see science and math as skills to be a part of life in a multitude of ways so that solutions can be rationally discussed and ideas enacted to benefit all life. 
The primary problem seems to be the barriers for learners to grasping, conceptualizing, and finally mastering some level of proficiency in various math skills which are found throughout most math courses and are necessities in science classrooms as well. 

The first solution area has been simply to have more technology in the classroom. In the 1970s students were introduced to calculators. One of the stated reasons by the manufacturers as a selling point was that it could engage those who were not inclined for math, though no studies were done to reveal this claim. As time went on, there has been smaller yet more powerful calculators and there are now graphing ones that can store more information than a NASA computer system in the 1960s. Despite the technology, the problems persist. 

I personally am not opposed to interesting, useful and captivating technology as well as great graphing tools such as programmable calculators in the classroom, but often there is not enough, the technology falls behind often and there are insufficient funds to keep up and upgrade as needed, plus this does not look at the real problems that exist – do the students know how to estimate, understand the application of the formula which in itself is a definition of a concept that is directly found in nature, can the students see the relation of one variable to another instead of reaching for the calculator since it has the answer as they say themselves – we as teachers have even said often ‘plug and chug’ when it comes to these problems – not asking them to understand the ideas themselves. Note I feel that a calculator should be used as it originally was – to check your answer – to see if your estimation and reasoning are sound and on track.

To explore options we need to look at the problems though. The problem I identify is a growing trend in society’s students to have little to no what I call computing skills. These skills are the foundation for all of the mathematical and logical reasoning needed in the fields of math and science as a student progresses through education.


The following details these skills, the rationale as to why they are important, why the calculator may not be able to meet this need, and where looking at a historic device in the form of the slide rule could actually hold the solution to this puzzle.   

What are these computing skills? 

1) Basic Operation Calculations – These are the basics : adding, subtracting, multiplying, and dividing. – How many teachers can note that when asked a basic calculation task, a student does not know the answer, gets it wrong, or needs a calculator. Even those with some skills seem slower than students of yesteryear. Many teachers can note the number of times that students have difficulty in multiplying two numbers together in class. When asked, the students do not know the answer, where the answer should fall nor have any strategies for solving such a problem. 

2) Little to No ability to Estimate an Answer ( noted in number 1 ) but is a skill unto itself. Even the best calculator user is known to make mistakes. How often do we hear of the wrong values punched into machines by workers? We let the machines do our calculations and not us. Calculators, in fact, do not promote estimation as a skill. Simply type in the values and the answer magically appears in the window. Without estimation there is an overreliance on the magic machine. We have shifted the definition of computer of yesteryear, which was when we did the actual computing to that of the machine today. To illustrate how far this has gone, consider today’s work environment, where pictures are used on cash registers to make the task easier so little to no math skill is needed for that layer of society’s workforce. Thus the place to begin in Estimation with Basic Math Computation Skills in place. These are found in early Elementary School and extend all the way unto college.
3) Inadequate skills at Simple Formula Manipulation along with Computation- Simple Formulae here are ones of the form A = B * C  ( or B/C ). This is noted not only for Math but Science as well. Note that most ideas conveyed in school involve just such a formula. Take for example the formulae for speed ( v = d/t ), force ( F=m*a ), pressure ( P=F/A ), density ( p = m/V ), Ohm’s Law ( V=I*R ), Area of a Rectangle or Square ( A=L*W ), Work ( W=F*d ) , and even everyday calculations like miles per gallon ( mpg=mi/gal ), and computed costs C=R*t ( cost=rate*time). Why let someone or a machine tell you the answer – why not check your answer versus your estimation of the needed answer?
4) Often unable to realize the effects of one variable in a simple equation on another as it is changed by some factor in a given situation. ( direct and inverse relations ). To be able to see the world in terms of Independent Variable ( the X often ) – the one we control and change – and the Dependent Variable ( the Y often ) – the one that is affected by our actions in this case and we look at the outcomes and relations of the two ( noting the Slope and what does this tell us from a simple presentation of the data ). This problem is due to not being able to visualize the problem. – How does one understand the application of an idea in nature if we as teachers cannot ask – what then happens if I double the value of this variable – how does it affect the outcome?  
5) Poor skills at using Scientific Notation computations ( tied to both basic computational skills and estimation skills ( here magnitude )). – Consider for a moment how critical this really is – Recognize that all of computational math really involves only the values of 0 through 10 and nothing more since the power of 10 is the needed concept here – which by the way, is the world of the Slide Rule – it has only 1 to 10 and expects you to keep track of the formula, keep track of known basic math tables to estimate outcomes, and understand what powers of 10 are involved in your problem – we become the problem solver and the device is checking our abilities – viola.
6) Poor skills in using fractions and converting back and forth to decimal equivalents. The trouble with fractions has been noted in numerous studies. This is also connected to Converting values from one measurement form to another ( metric to English units, time units, and so on ), as well as the critical skill of Solving Proportions which appears in many formulae and can be employed with all 3-variable functions noted above and others as well as with Similar Triangles, Geometric Parallax Measurements, and so on.
7) Poor Significant Figures skills. This can also be attributed to the calculator since it provides us with a flood of decimal places, virtually all of which are unnecessary. 
The above list is not to say that all students lack these skills. Instead there is a very broad spectrum of students and hence skill levels. However, this is important to note. What we do with this spectrum of students is to create natural segregations. The top percentages, those with the sharpest of these skills often are enrolled in what is traditionally referred to as the ‘college-tract’ classes and the others are labeled as ‘regular education’. I use these too in my discussion.
Clearly, it is the regular education students who have the most troubles in these areas noted above, and are now being places in the college-tract system since that is the wave of the future. 


Plus note the connection of Math and Science in this list – the Cause and Effect relations so that ideas are understood and a part of truth in nature and not an opinion or something not to care about. 

Are the problems serious? Certainly. It is primarily Math and Science which are the main determinants of where a person’s occupation and income levels will fall. Realize the necessity of Numeracy in math in the workplace today at jobs of higher needed skills, since going to college is not a luxury anymore and most if not all degrees necessitate some level of math competency. There are a number of studies that note the need for math in the workplace and for success. Lacking or being weak in these skills will result in many doors closed. Society is reflecting the problem. Today in many fast food places they use pictures instead of numbers. And when was the last time a teen counted back your change to you? Clearly too, the problems noted do exist. All the data proves this ( teacher’s grades, teacher’s anecdotes, national and state test scores, and the like ). So what are the solution possibilities? 
This is also especially true for Science Literacy as well as Numeracy. All of technology and business today is wrapped and shaped by Science – nearly every single news story of consequence is about Science in one avenue or another – hence there is a need to have a compassionate reasoning or logic involving these ideas – to be able to ask what is going on and why, how do we work with this, change the outcome and such? All of engineering, all of the Health Services, all of our everyday life technology are directly tied to both Scientific Literacy and Numeracy. 

To find a solution we need a common thread in all of these elements. That thread is the fact that we have transferred the skill of computation from ourselves to our tools. We rely too much on the calculator and not on ourselves for determining the outcome of a problem. Also recognize that many other solutions have been explored, from repackaged books, motivational exercises in the class, and all sorts of other materials. The following explores and explains my hypothesis for helping to solve the computation problem by using the slide rule as the tool. The slide rule is a logarithmic scale system that can be called a visual analog computer which promotes mental computation and is analogous to the number line which is still in use in school to promote foundation math skills. In fact, the slide rule can be seen at the next step since 2 number lines can be placed adjacently to illustrate addition and subtraction, the basic form of the slide rule is two adjacent logarithmically-spaced number lines for use in multiplication and division.
The first place to explore the reason is found in the goals of math and science.  What is the goal of both Math and Science education? Is it only having an answer to a math problem or knowing a definition of an idea in science? Obviously not. In both disciplines it is the process of solving the problem that is the goal. As with all good goals, the process of solving a path to it begins and is worked out in one place – the mind. Calculators do not require us to think about what is being done with the numbers or even why we type them in. How many times has a student asked what do you type in when asked a problem?

There are two aspects of this problem – first the need to increase essential math skills and put them into practice and not see them as a luxury or a non-necessity, since nature itself is a set of relations as is our business world and our personal financial world and such. 


Second then how to connect fundamental science concepts to our lives, our knowledge base, our mental picture. Looking at tools in the classroom that never come home with the students and these objects do not have a place in everyday life, though colorful and dynamic and fun and such – makes science and its ideas too compartmentalized – to removed from everyday life. Imagine instead I say to you that super ball in your junk drawer at home, using a flexible measuring tape in a sewing kit, and having a free timer stopwatch on your phone ( and who cannot do that these days I wonder ) you can explore the notion of Radioactive Decay graphically, the Elasticity of the Super Ball and have a numeric representation for it, and still further compute using Galilean relations of distance and time the Earth’s Acceleration due to Gravity – Imagine that. The super ball is now not just a toy from 6 years old, but a link to key scientific concepts we all should master – and by the way – take measurements, analyze the data using basic math skills as found in a slide rule. I have crafted a series of books noted as Galaxy Girl’s Inquisitive Pioneer Adventures which looks at such things as this and even allows you to not only learn the slide rule but make your own paper version of one that has the computing power of a regular scientific calculator right in the book to construct – so Math, Science, Art, along with Kinesthetic approach of hands on learning using Everyday Items – with added elements of reading about the ideas and the people such as Galileo behind them. You become the scientist, the mathematician, the imaginative artist, and the explorer.


I have Activities to explore Newton’s 2nd Law and the relation of Force – Mass – and Acceleration using skates or a skateboard, marble, string, and the stopwatch once again. There is Pi being found with a dart board and darts in one experiment and another simpler one using lids, a flexible measuring tape, and a making a simple graph. How about those marbles being used rolling through a long plastic or cardboard tube at an incline on a desk and exploring Acceleration on an Incline as did Galileo? Next take that device and explore the notion of Energy and Conservation of Energy ( one of several central and key concepts in all of ALL the Sciences ) – Gravitational Potential Energy – and Kinetic Energy with measurements of distance and time only in another experiment. Use the same marbles and now some water, a set of plastic cups and a fish scale ( ie spring scale ) and look at Buoyance and Archimedes Principle. Instead use some cool paperclips, string, nuts or small bag with a handful of marbles and a hanger, a ruler and learn the concept of how a Twin Pan Balance Works, the Concept of Torque, the Concept of Balance of these Torgues, and such. You can use your makeshift Balance to determine unknown masses even – Imagine that! How would you like to use a couple of Paper Clips – a few Refrigerator Magnets – a D sized battery – some Alligator Clips – some Battery Wire – a piece of Styrofoam block – and viola make a functioning Electric Motor?! Wow – Be Brilliant as I always say. Why not measure the weight of your car or family car with only a Ruler and a Tire Pressure Gage. Wouldn’t it be amazing to use a slice of cheese or a chocolate bar ( your choice ), a ruler, and two toothpicks along with your Microwave and determine the Speed of Light right in your kitchen – Science becomes amazing, almost magical only here the Magic is that we know the Science and hence can do it. How about taking two Styrofoam Cups – a Measuring Cup – a Ruler – a Kitchen Grade Thermometer – a Piece of Cardboard – some Water – and an Ordinary Watch – and with measured observations plugged into a carefully orchestrated set of equations then determine the Energy Given Off By our Sun in One Year striking the Earth! Awesome Sauce! 
Let’s first look at the value of the SLIDE RULE in each of the Computation Skills areas and other critical ideas to use the slide rule in the classroom as a visual tool for acquiring math skills:
1. The Calculator does not promote the knowledge of Estimation, Basic Operation calculations and the like. In order to even properly use a Slide Rule, one must know : Decimal Points and their placement. They must have a good working knowledge of Value Estimation and have sharp memory of the Basic Times Table to even use the device. Unlike the calculator where you press buttons and answers are flashed back at you ( we often give it to the student and want only the answer ), the slide rule user must interact with the device to find the answer and then compare it to your knowledge, your expectations. One might say then why use it if I have to approach it with skills in place? In the class, even in the elementary school level students could be presented a simple two-scale slide rule to perform basic calculations involving multiplication and division. The tool is visual – one sees the answer as compared to many of the present-day tools in the classroom such as plastic blocks, sticks and other assorted colorful items. They may help too, but the slide rule has the answer directly on it and only required basic skills to operate it. Also one sees the changes in variables as one reads it ( see following arguments concerning 3-variable functions ). The device encourages mental math with a direct answer ( unlike other manipulatives )– unlike the calculator which merely reaches the answer and flashes it at the user. Though one cannot see the value of the slide rule here, with guided practice from a teacher the visual tool in the student’s hands can act as the bridge from the tangible world to the conceptual world.
2. The value of estimation cannot be emphasized enough. One cannot use a slide rule without estimating the answer unlike the calculator which totally erases the process of estimation. When computing the area of a floor, walls and the like for tiling, carpeting, painting, and wall papering we round values to no more than 3 significant figures and can mentally estimate where the answer falls. Even in cooking, we estimate costs, amounts needed and so on. How many of us are comparative shopping these days with Cost per Unit Ounce for example – a simple Slide Rule – pocket sized one ( I carry one whilst at the store ) answers the question for me – which is the better deal? When employing the slide rule we have to keep track of the decimal place, we need to have reasonable skills in multiplication through practice so that we can read it and determine the answer, and develop deeper computational skills. 
3. A slide rule has the numbers from 1 to 10 only, yet because of scientific notion we can find any and all numbers that exist on it! Imagine showing a student that power. Regardless of the number one thinks of and multiplying or dividing it, one can find both values on their independent of magnitude and discover the answer in one’s mind and reinforced by the slipstick, the stick with numbers on it. A simple Rule it is : If the values are Multiplied, then Add the Exponents, if the Values are Divided then Subtract the Denominator ( bottom one ) Exponent from the Numerator Exponent ( top one ) and the outcome is always the answer – that is all there is to it. Imagine all of Math is reduced to knowing the standard Times Tables from 1 to 9 and then doing a bit of addition and subtraction for the final answer. Cosmic Wow.  

4. The Slide Rule is designed to fully illustrate the world of simple ratios and multiplying factors – both of which come from Simple Formulae ( A=B/C ). One scale is one variable, the other scale is the other variable and the answer ( the third variable ) is the relation of the two found easily. This makes visualizing the relationship all the more tangible. With this tool, the variables are there in hand. A calculator does not provide this at all. Even as an aside Teachers can use it to construct tables as needed for data and graphing too ! Plus now students can do the same and examine data tables for relations. Take a given speed problem. Place this speed over the index value of 1 on the slide rule. Now all values on that upper scale are distances while the lower scale represents time – just like the equation itself! This works not just for whole numbers, but any decimal value too. A teacher can ask how long did it take to travel some given distance or how far did one travel in x amount of time. The student reads along the scale, the greater the distance along the scale represents a greater amount of time at a given speed. Notice how this reflects the number line and its use to promote number placement. In fact, like one could use two rulers as number lines and place one over the other and it behaves in a slide rule manner. Instead of multiplying and dividing, the rulers can be used to teach adding and subtracting. This extension then takes Elementary school education to the Middle School and the High School. 
5. Since #2, then the Slide Rule is a natural tool for examining the effect of the change of one variable with respect to another very easily. One could look along the scale for changes with respect to other variables that a number might be multiplied for example. With a C1 scale ( inverse ) one could then look at dividing too! One would have to retype the problem time and again to examine the possibilities on a calculator. 
6. The idea of one variable over another is especially true when placing a value in question over ‘1’ and looking along the scale at 9, 8, 7, et al – which are now 90%, 80%, 70%, and the like. This is not only useful for math and science, but also business and everyday life calculations. Other calculations, such as increases in percentage on an item and calculating tax on an item are easily done too.
7. This idea extends to the fact that most formulae can be seen as proportions – even 3 variable ones! Take v=d/t. Once we place d over t on the side rule look over the index ‘1’ to find v. Hence it is v over 1 equals d over t. The same is true for all conversions, say 1 ft = 12 inches. Place 1 over 12 and look along the latter scale – this is now the inches and look above to find the feet or vice versa! All conversion scales are really slide rules. Imagine seeing all answers to every question simultaneously when converting. Place 1 representing inches over 2.54 representing centimeters. The upper scale is any and all inch values while all numbers on the lower scale are centimeters. It can be read back and forth for any value. Try that with a calculator! – Notice here the doorway to all of Science itself – as noted earlier all of Nature herself is a set of relations of one variable to another and we can connect the numbers and their relations to what we read and discuss hence strengthening and deepening our understanding of key ideas and their direct applications to everyday life – especially when we connect these explorations and experiments to everyday life items we see and use commonly – we become the explorers, the thinkers, the planners, the experimenters, the data measurers, the data analysts, and the cosmic story tellers of our whole lives where we take our childhood curiosity and make it central to our lives and we become students of life – be willing to think creatively, imaginatively, and connect ourselves to the universe from the atomic to the galactic in scale through basic calculations, ordinary items, and simple relations – we are the Creative, Imaginative, Scientific, Mathematical, and greatly Empowered People We Can Be.
8. In the realm of fractions, their equivalents, and decimal conversions this idea of the proportion is critical. Take any fraction, say 7/8 and place it on a slide rule. Look along and find all other equivalents to it – 14/16 and the like. On the scale of ‘8’ look for the index ‘1’ that has a value above it ( the one to your right ) and find 87.5 or 0.875 the decimal equivalent of the fraction! Again notice the visual power of the slide rule. It would reflect how it is written in a text book ( with one number over another ) and makes a good picture when a teacher is discussing this verbally with the class. 
9. Another critical area that is related to fractions is proportions. Virtually all formulae, conversions, and the like are proportions. One can solve a proportion on a slide rule as fast if not faster, plus as accurately as anyone using even a scientific calculator. This is because all one has to do is set up the known ratio in the proportion and then find the other known variable so that the value either above or below it is the answer.

10. One might quickly object and say that a Slide Rule gives typically about 3 figures for an answer normally. Clearly a calculator gives many more numbers. This is the fallacy of the calculator. All Science Teachers know this. How many figures are in the answer depends on how many numbers are in the values in the question. Typically this is no more than 3! Think about it, Reality itself is often this number! What do I mean? When measuring a room or anything for than matter ( 7ft 9 in, 688 cm, 14 gal, so many dollars and cents, time on a clock, and the like ). We rely on 3 figures at most in our daily lives. This is all that is needed. Realize that it is the process of calculation and not just the answer than matters.  Think of how often the students when using calculators want to write all the decimal places. Please someone show me with your standard ruler how to measure that 6th or 7th decimal place sometime. This may be needed when I purchase paint, tiles, or wall paper when working on my home. ( all sarcasm intended ).

11. Since a person using a Slide Rule must keep track of the decimal place, it becomes easier to then discuss the Powers of 10 Math Rules. How. Go grab two ordinary rulers. When you place the rulers alongside each other so that you can read both scales ( either English or metric – I recommend the metric) you already have the means to Add and Subtract. Place a number in line with the ‘0’ of the other ruler. Say, for example,  4. Now looking along the ruler with the ‘0’ go to 7 and look back on the ruler with the ‘4’. It is on ‘11’. Obviously this can be read in reverse. But wait. I promised exponents, not simple math. Bear in mind that the rulers allows a simple means to teach slide rule use. What if these numbers were Powers of 10 instead of regular numbers and not added but are multiplied. 104 * 107 is 1011. This means that all of the multiplication and division rules for exponents are at your fingertips. Side Note : This makes the Slide Rule the natural extension of the Number Line, which is the idea expressed here.  

12.  Other added features of the Slide Rule : the Slide Rules require no batteries ! Interestingly, despite the fact that Slide Rules may be short or long, or even circular, they have all the same operating rules and employ the same scales – given names like : A,B,C,D,L,S,T. This means there is little adaptation needed as compared to calculators with different keys and the like.
13.  Unlike calculators there are no games on slide rules, such as graphing calculators. It is a focused device. Plus it would be harder to cheat with a slide rule as compared to a shared calculator. 
14.  A basic 9 scale slide rule can perform virtually any and all calculations that a scientific calculator can. ( Persons such as Einstein and von Braun relied on the same type of slide rule ). Students can start with a basic instruction of 2 scales in elementary school and move on to more scales in middle school and high school using the same 9 scale form they started with. Notice the lack of training needed, the reduction in costs of materials, and the easing of tension to acquire new skills. 
15.  In the Elementary and Middle Schools there are two points to be made. First, ask yourself what is used for all students in many if not all cases to teach counting, addition, and subtraction. Simple – the Number Line. All of us have used one. Most of us would argue that it is a very useful and tangible way to learn the process. Guess what? The Slide Rule is a Number Line only in a different scale ( logarithmic ) and can be used for multiplication and division. Why then not use a number line here too? Imagine making the transition from Elementary to Middle to High School and having to only go from the number line to the logarithmic number line and learn any and all functions that are necessary to master all of the ideas in math and science. 

16. The second point when discussing school and tools used, do we need technology simply make the learning faster and easier? If technology is always the answer why do people still use wood and charcoal burning grills instead of microwaves for cooking? Technology does not necessitate usefulness. Also in Elementary and Middle Schools there is a trend to have physical manipulative tools to help the student grasp the idea. The slide rule is the next logical extension of this idea. Perhaps it can even find its way into those arenas. There are even books on paper ones to teach these ideas. A company, TOPS, even wrote a 3 book series involving math and sciences. It is useful for the high school, but some of the simpler ideas could be used in the middle school environment. One book, Far Out Math, is only about Slide Rules and logarithm use. One may think this is an outdated source. It was written with NASA and published in 2006. It uses the idea of a number line and extends to the world of the slide rule ( more on number lines next ). It is interesting to note that education provided the number line to all then separated the groups later on and provided a different number line for one group and none for the other. Did the slide rule make the others ‘smarter’? By no means. But did it grant access to promoting the use of ‘mental math’ which is the chief argument presented here. Yes it did. Look at any text of the 1960s in physics. Are the problems that more complex and requiring a slide rule? Rarely. Also have the problems changed so significantly that the slide rule would be displaced? The obvious answer is no – the rules of science and math have not changed. 
17.  Students can even make their own slide rules when given a template and glue them on wood or plastic pieces. These may become projects that tie the science and math departments to art and shop departments in a school. Realize that a personal tool may have less of a tendency to be forgotten, broken, and the like, plus imagine the excitement and power one feels holding such a tool in their hands and accomplishing mathematical prowess with it. ( A list of web sites follows at the end of this discussion ).
18.  Unlike the calculator, the slide rule was a part of history in terms of effecting science ( in the areas of astronomy, geology, chemistry, and physics ), math, engineering, and the like for nearly 350 years. In fact it can be said that it is the most powerful device for math per unit volume or mass ever devised before the age of the computer. It was in the hands and was the primary tool that lead to the creation of virtually all mobile and immobile engineering structures known. Recognize a wonderful historical fact – the planet Neptune was found through Calculations first – involving Log Tables and tools such as the Slide Rule then it was sought and found – Imagine that predicting its existence from measurements and then finding it. Also there are many famous names involved with it, such as Isaac Newton, Albert Einstein, James Watt, William Oughtred, Amandee Mannheim, and others. Also virtually all mobile and immobile forms in the world, such as the Panama Canal, Hoover Dam, the Empire State Building, the Golden Gate Bridge, the F16 fighter, and the Apollo spacecraft all have this tool in common as one that was a part of their design. It could be argued that the Slide Rule’s history is connected to these people and items in the hands of mathematicians, scientists, engineers, which resulted in the two major Industrial Revolutions ( both the Steam and the Electric ) which affected the historical shift in society and economics the world over. ( And note those earlier Industrial Revolutions changed the concept of work, affected our relations with each other as well as Nature, and paved the way to the eras of Electronics, Electronic Communication ( TV, radio, phones, cellular phones, and many more ), the ongoing era of the Computer and the Internet and its impact on us all today. We are the extensions of living history and forever connected to these people, these things and to a simple notion such as Numeracy opportunities found in the Slide Rule and Nature being so relational hence connecting the realm of numbers and relations to our need to be Scientifically Literate.  

Still skeptics might argue what has been called the ‘antique’ aspect of the slide rule as compared to other devices, like the ubiquitous calculator. Let’s look at some parallels and ask if technology is always the answer.


First consider the microwave. It came into the home in a similar time as did the calculator. Did it replace the gas or electric stove? No. Despite its compact size, much higher power ( and power use I might add ), we mostly use it to heat up a cup of cold coffee, pop some popcorn or warm up a sandwich at most. Few, if any actually ‘cook’ with it. Note all of the cooking shows today and see if the microwave is their central tool. Why the gas stove. Much like the slide rule it is a tool that forces the user to be involved with the process of what is going on. The microwave like the calculator is far away from us. 
Yet here I have and can illustrate how one can use it and a slice of cheese to find the Speed of Light and the calculation – measure the distance on the cheese melted spots and multiply by the frequency of the microwave ( marked on all of them and readily found online ) and viola – the Speed of Light. So a tool we let control ourselves and do not use effectively now has imagination, fun, scientific exploration ( see my Activity online at www.galaxygirl-brianaandromedapurcell.com or my book on Amazon has it with many many more wonderful ideas : Galaxy Girl’s Inquisitive Pioneer Adventures by Briana Andromeda Purcell ). 

What of Velcro shoes versus those with laces? If Velcro is so inexpensive and all the rage, then why should we even teach kids to tie their shoes at all? They are antiques. The same could be said of having clocks with faces on them. Why not just hand a digital clock to a child in school and have them tell time. Why do schools still use cardboard and foam rubber face clocks? They too are antiques. 


What about measuring tapes? Talk about antique. Why not just have students use the infrared beam measuring systems instead. Oh, by the way, try to measure the length of a table, or its height, or your height for that matter, let alone your waist size with one of those beam devices. I guess the antique measuring tape might just have a use after all. But look to my Activities and the range of uses of them – Rulers and Yard Sticks and one can estimate the height of a tall building or a tall tree. 
Another skeptical argument might think that the calculator has been proven to be the champion in the classroom at helping students. First note that most studies are about subjective answers to using the calculator and were sponsored by the manufacturers of the devices. In considering the results of these studies, most, if not all had students operating with a calculator and few if any groups with no calculator use, modest calculator use and excessive calculator use in their groups. What is missing? An alternative to the calculator use! One could say this is the no calculator use group studied. No it is not! If we wish to study the success of acquisition of these skills, we need to compare it to other things that can help acquire these skills too. This will help to determine the strengths, weaknesses, and rates of change for both. This is what is lacking in studies of what works versus of what does not in the classroom. This is where the slide rule is left out of the picture wrongfully. 

In fact, a math panel to the US government in 2008 even noted that the calculator has not had sufficient short-term, nor long-term studies on it done, plus the ones on the record books ( which are over 20 years old ) show no real gains or changes in skill levels. The best that can be said of those reports are that students when first introduced to the new calculator ( at that time in the 1970s ) they found it exciting and interesting. Well, that is often true of most new things. Oddly, though, in a 2005 anecdotal report in the Oughtred Society publication called the Journal of the Oughtred Society in volume 14 number 1 of 2005 there is not one but two teachers, at two different school levels ( middle school and high school ) in two different states, who introduced their students to the slide rule and found there interest levels go up considerably and participation sharply rose as well. It is critical to realize from this that this presented hypothesis should be investigated and not overlooked. To turn away from a hypothesis based on no information or some internal prejudice is not science at all. 
Finally to close out this argument – the use of the slide rule in the classroom – return to the emphasis of education – the goal being the acquisition of skills to solve problems. In history the problem solvers were the ones who took the slide rule from the originators of the tool, such as William Oughtred the mathematician and later those like James Watt, who was what might be called a entrepreneurial engineer, to shape the tool to achieve ends desired. The slide rule has been always placed in the hands of those in education seeking higher education through 350 years. The Slide Rule as noted promotes all of the critical skills to be a problem solver. One must practice these in order to use it properly. In one’s hands is a tangible tool to visualize the relationships between the variables in question. One scale is one variable, the other scale is yet another variable. The Slide Rule is the bridge to becoming the computer and not seeing other things as the problem solver. We have forgotten that we solve the problems and only use tools to do that. This property of variable relation is not found on a common calculator and yet embodied by the slide rule. This is the primary goal as noted at the start of the argument for the slide rule in the classroom. 
The final skeptical argument is their lack of existence. Today however, there are a number of websites devoted to the slide rule, its history, its use, and there are printable templates for them along with virtual ones to use online. This list comes at the end of the article. Also some of these groups even have slide rule classroom loaner programs that are in place. If a teacher were to want a collection in their classroom, with some time, a little money, and effort a number of inexpensive ones could be found to create a permanent collection for a classroom. Personally I have two sets, a 9-scale plastic set and even a more advanced aluminum Pickett N500 set. 

Am I saying a world without calculators, maybe even computers in the long run? No, exactly the opposite. They should be the tool of last resort once the skills are mastered. This is why I promote the slide rule as the tool of choice to enhance one’s skills. Note the main goal of education – to have people acquire problem solving skills and then sharpen them. The calculator promotes speed not acquisition of the critical skills. One must think to acquire the skills. Presently we are allowing the ‘mystery box’ to answer the question. 
What then of Scientific Literacy which is the partner to Numeracy? Clearly we operate only in a world based on Science and is the product of several Industrial turning into Informational Revolutions and these are all interconnected, require understanding and maintenance as well as a deep appreciation and understanding of Nature herself – consider our impact on the World and the movement towards Global Warming and Climate Threats and the possibilities of mass extinctions of key and keystone species which could result in the collapse of the entire ecosystem, make food harder to grow and yield smaller yields as well as mass migrations to find and secure water these days plus the out of control weather at a given moment since our deviation from our past trajectory before all these climatic issues which we contributed to. So there is both the dire need to know the science so as to seek solutions – alternative energy forms such as solar and wind and others, distributing energy systems, better decisions on making life more sustainable and not just stuff we make as well as protecting and promoting species safety, growth, and saving them from certain doom – consider the need to eliminate plastic – this is all science – we may be able to use bamboo, kelp, mushrooms, among other ideas proposed – reducing carbon emissions and such – all needing us to be scientifically literate and having some numeracy skills so that we can all be part of the ideas, the opportunities, and other roads. Plus there are other plus sides to all of this and knowing science well – jobs aplenty, new businesses to flourish, new ideas to explore, new solutions to old problems, and the like. We can have both and we can do both – the path is clear – increased Numeracy skills and deeper learning and knowing of key science ideas in a world that needs a Scientifically Literate populace. Always remember – there is no Planet B. As reminded in terms of paraphrasing of Carl Sagan looking at the small pixel sized dot he notes – see that dot there – that is us, that is home – every one you can name in history in the present is or was there – all lifeforms are there – all of our history is there. We are all interwoven and are connected to the Cosmos itself and are made of star stuff – we are the universe aware of itself consciously. We have no other home, no place to go. We have the choice – either we live in harmony with the world or we end up destroying it and ourselves. This burden is our responsibility since we are everywhere, we control the massive number of resources and affect the systems all about us and we have the ability to look forward and grasp the scale of our actions and/or inactions which may affect the planet and its denizens – only we can do that and we are that notes in a paraphrased manner, plus noting we are not special and we all – meaning all lifeforms here – have rights to be here – as noted by David Attenborough. 
As a historical aside note that in 1960 a dictionary said that a ‘computer’ was a person who did computations. This is not true today in terms of that term in the dictionary and more importantly the kids today do not view it in the 1960s way. They see a world that provides them with the answers and not one where they find and determine the answers themselves but instead it is found in machines. The Slide Rule is the tool that can open that door to personal success and mastery of problem solving skills. It is tangible, it forces one to know the basic times tables and decimal placement, make estimations, and try to visualize the relation of the variables in question. This then is the value of the Slide Rule. It is a bridge and a tangible tool to show relations and necessitates involvement. It empowers the user. Notice how it can be employed with students doing the work and then checking it with the slide rule. This philosophy follows what we are told always : measure twice, cut once. Look at the movie Apollo 13 where a calculation at a critical moment done by Lovell (Hanks character) is verified by three slide-rule bearing engineers. Before considering that only a movie, check out the slide rule history website and find a power point presentation about slide rules which shows Michael Collins of Apollo 11 fame with a slide rule in his pocket and a quote from an engineer of those times who noted that he did not even own nor use a calculator until sometime into the early 1970s and the slide rule was a common tool. 
Think on this, pick up a slide rule and try it for yourself. Then decide. Next look to my Basic and Essential Everyday Items Science Activities as found in Galaxy Girl’s Inquisitive Pioneer Adventures – note the connection all the way to childhood – the bridge to the essential and the needed knowledge put into everyday language, use, and doing math that empowers the student of life both in the world of mathematics and the realms of science. Imagine the ability to look in a drawer and see items you grew up with and instead of them only being forgotten and passed over items – they are tangible bridges to all the key concepts you need to learn and know. Hold up a super ball and realize you can determine the Acceleration due to Gravity for the Earth – something Galileo would be excited by and approve of. Be on the path to increase your Numeracy and Science Literacy skills – both go hand in hand – expand your boundaries, your imagination, your understanding, your hopes and dreams, and makes the whole of the Cosmos within reach.
Always be the Artist, the Scientist, the Student of Life and this will be the greatest and grandest of journeys ever undertaken. Let your imagination be the fire for passion towards new goals and frontiers, use skills of communication, commitment, compromise, and compassion with compassionate rationalism and tools such as Numeracy and Scientific Literacy to embark on such an adventure. Be Brilliant as I always say and invoke in my journey. 

List of websites : 

Information :

www.oughtredsociety.org
Virtual Slide Rules :

From Derek’s Virtual Slide Rule Gallery –

www.antiquark.com/sliderule/sim/
Information, Virtual Slide Rule, Slide Rule power point presentation on how to use the slide rule, and printable scales for making a slide rule

http://www.sliderulemuseum.com/
My website for Slide Rules, Activities and even Cooking Ideas and Crafts

www.galaxygirl-brianaandromedapurcell.com 

Other slide rule plans:

Scientific American magazine reference from May 2006 article on slide rules by Cliff Stoll

http://www.scientificamerican.com/media/pdf/Slide_rule.pdf
Luis Fernandes, Dept of Electrical & Computer Engineering, Ryerson University

http://www.ee.ryeson.ca/ elf/ancient-comp/sliderule.pdf

Circular Slide Rule by Dr. Charles Kankelborg, Dept of Physics, Montana State University
http://solar.physics.montana.edu/kanel/math/csr.html
