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It is needless to underpin that STEM (Science 

Technology Engineering Mathematics) is in crisis. What can 

we do in secondary education of science to ease the peril? 

Today, instead of the teacher’s presentation and 

interpretation, hands-on activities seem to appear on the 

palette of science methodology in secondary education. If a 

hands-on activity includes measurement too, our students 

face the tasks without adequate preparation. I am going to 

introduce a chapter specially worked out for secondary 

school students on measurement theory. I study what 

notions and methods are worthy to teach. Based on my 

practice I will also show motivating proposals for classroom 

use. I will focus on the use of the internet.  

The chapter equips our students to study in RBL 

(Research Based learning) or SMP (Student’s Measuring 

Project) methods, and to deeper understand what science is 

all about.  

I. INTRODUCTION 

The crisis of STEM is in the focus worldwide: in the 
US [1] the Department of Education, the Bureau of Labor 
Statistics and President Obama himself is urging a way 
out. The Hungarian model of science education in use 
about a hundred years ago, attracted the interest of the 
world. But studies show that the old glory has gone. We 
can say that it is like: the Hungarian model of science 
education is from triumph to trouble.  

Representatives of active learning pedagogy, like 
R(esearch) B(ased) L(earning) or S(tudents) M(easuring) 
P(roject) are worthy to pay attention to.  

II.  THE WONDERFUL WORLD OF MEASUREMENTS 

A) An optional unit for secondary education 

The history of science often is parallel of the 

individuals’ progression in knowledge. It is mainly so in 

the field of scientific notions [2]. 

Galileo Galilei (1564-1642) is called “the father of 

science” as he recognised the need of validating the 

theory by experiments and measurements, and thus 

rethinking the key element in science, turning the focus 

of cognition on the scientific method. He set up standards 

for length and time. He made this to ensure that 

measurements done on different days or by different 

people can be compared in a reproducible way. We call 

this the Galilei-turn of scientific cognition.  

 

Every course book prepared for secondary school 

education mentions the importance of measurements, 

usually in the introduction or in the first chapters; I could 

not find this content enough.  

From my practice as a secondary school teacher I can 

conclude that despite some elements are usually in the 

curriculum, the first lessons are mainly dedicated to 

classroom management issues rather than making an 

overview of these notions.  

The national curriculum gives a chance for the teacher 

to freely make the best use of 7 lessons (that is 10% of 

the course) each academic year on his discretion for the 

currently taught class.  So, the unit I developed is adapted 

to this frame. 

B) The concept of measurement 

First, we need to define what measurement is. We can 

give a definition like this: 

“Measurement is the assignment of a number to a 

characteristic of an object or event, which can be 
compared with other objects or events. The science of 
measurements is called metrology.”  

Measurement is an operation of a system, the so-called 

measuring system. It can be either simple or highly 

complicated. But the factors of it are these:  

• object, something we want to get information 

about 

• device or meter, that is a measuring instrument 

• interaction between the object and the meter  

The system will provide the result of the 

measurement. This information is of three elements:  

• a magnitude, which is a numerical value of the 

characterization 

• a unit, which is usually a standard, therefore the 

magnitude is the ratio of the measured quantity 

and this very standard 

• uncertainty, that inevitably comes from the 

operation of our measuring system.  

In present days it is important to find and help our 

students to be good users of the information on the 

internet. A series of three videos are more than worthy 

to offer for students and teachers to learn about 

uncertainty: “Precision: measure of all things” [3] 
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C) Errors, not mistakes 

I find that simple existence of uncertainty is hard to 

accept for secondary students. They find it easy to 

understand that the result is the duo of a magnitude and a 

unit. 

When explaining the importance of the interaction as 

the crucial component of the operation of the system, 

uncertainty can come clear as an important factor in the 

result. Uncertainty indicates the confidence level of the 

measurement. Random and systematic errors are 

represented in it. We need to emphasize that errors are 

not mistakes.  
Random error  

If we measure a constant quantity several times we 

are likely to gain slightly different values. We call this 

type of error random, because it can’t be predicted from 

the previous values. We should not use our instruments in 

their extremes of their operating limits, so we can reduce 

this error. Multiple measurements can help us to estimate 

this type of error: “making more measurements and 

calculating the average” gives us a more accurate result.  

We can demonstrate simply this type of error by using 

a digital tool, like a kitchen scale. We can place a light or 

heavy (compared to its operating limit) object on it. The 

last digit varies; still, the students can see that we 

measure the very same object. We can perform 5 

measurements.  The reading is 19g (2 times) and 18g (3 

times) for the same scone. It is in the lower extreme span 

of our tool, since it measures to 5000g.  

Systematic error 

The measured value contains an offset. It is an error 

that remains constant in a measurement setting. The 

measuring instrument determines the range of this type of 

error. The goal is to minimize it in the measuring 

procedure. We can use standardised protocols and 

instruments to meet our goal. It is also well-known as 

measurement or statistical bias. The sources of systematic 

error are: problematic calibration, the related manner of 

the measured quantity and drift.  

We can also demonstrate this type of error with 

simple tools. The task is to measure the length of a rod 

with one provided tool. We can provide a meter rod, a 

ruler, a Vernier calliper or a micrometre screw. For our 

students, this point will be obvious.  

Calibration and authentication 

When discussing errors two notions arise. These are 

the process of authentication and calibration. Most of our 

students have a smart phone in their pockets. Using the 

internet, they can easily find out what these procedures 

are.  

Authentication is an official analysis to prove that our 

device measures according to its protocol. Devices that 

are used in commerce must be subjects to the procedure 

regularly.  

Calibration is a method to determine measuring 

characteristics of a given device. It a check to see if our 

measuring instrument is accurate.  

Significant figures and error propagation 

We can consider the accuracy of our data in 

secondary education by introducing the concept called 

significant figures. The number of significant figures can 

be counted with a simple method: from the left we count 

the non-zero digits in the magnitude. Now, our students 

can understand that using devices of greater sensitivity 

means that the result of the measurement is more 

accurate, like the ones in applied scientific research [4]. 

To see if the students can understand the idea we can 

ask them to make a group discussion and based on it, to 

give a short reasoning (data should vary for the groups):  

Your task is to interpret and show the difference in a 

practical example between these two results:  

Peter: “The result is 3 decimetres.”  

 David: “The result is 3.00 decimetres.” 

The answer is not a problem for our students. They 

come up with great examples rooting in their everyday 

life, like this reasoning:  

“Both lads are gardening. Peter is a farmer; he is talking 

to his friends in a pub, explaining how his corps are 

growing. David is a student at Agricultural Secondary 

School; he is working on his project. He is talking to his 

teacher about how his corps are growing with the 

fertilizer he is studying.” 

If we work with significant figures, the rules of error 

propagation are also easy:  

1) When we add (or subtract) we take the minimum 

of the significant figures.  

2) When we multiply (or divide) we add the 

number of significant figures.  

In the calculations, we use the rules of rounding. We 

can show how it goes on an example, Figure 1.  
 

Figure 1.: Error propagation in public education 

D) The International System of Units (SI)  

First, I find it important to show that a need emerged 

for this system in history. In literature, we often meet the 

measure of cubic capacity. Therefore, our students have 

some units in their passive vocabulary from their reading 

experience. The first task I give for them is to look up 

what we mean by “akó” and “icce”. They can use the 

internet to find the answer.  

“akó”: https://hu.wikipedia.org/wiki/Ak%C3%B3 

“icce”: https://hu.wikipedia.org/wiki/Icce 

They can find that there were different measures of 

“akó”. “Akó” in Germen is Eimer, meaning 58 litres until 

1762, and 56.589 litres later. The Hungarian “akó” 

widens the picture as a great example to show how 

complicated the system of unit used to be:  

-the Pest “akó” meant 53.72 litres until 1700, then 54.94 

litres, and 58.6 litres 

-the Buda “akó” meant 53.72 litres 
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The unit called “icce” is a suitable unit for further 

study: the Hungarian “icce” means 0.848 litres; the 

Pozsony “icce” means 0.839 litres, the Transylvanian 

“icce” 0.707 litres.  

For students with a background in English culture I 

would give a similar task concerning “barrel” and 

“gallon”.  

We can use old units for mass, area, volume, length, 

etc. Exciting items of information will enchant our 

students, and brings interest for them in topic. Some 

items I found most motivating for my students are:  

• St. Steven, the first Hungarian king had a shoe-

size of 48. We know it as the Hungarian foot is 

31.26 cm (, whilst the English foot is 30.48 cm).  

• In the Hungarian Great Plain, a unit of the area 

was “sheep”, referring to the area a sheep can 

graze in one day. 

• The unit “mile” is the distance one can walk 

without a halt. Depending on the individual’s 

fitness it means different distances. The variations 

of this unit worldwide range from 1.7 to 11.3 

kilometres.  

The need of a consequent and coherent system for 

measures and units is obvious. 

The early history of SI dates the French Revolution 

(the 1790s).  

The basic requirements of the system were laid in 

1860s in the British Association for the Advancement of 

Science: the system should contain base units and derived 

units. Base units are to be taken from nature. There are 7 

mutually independent quantities and their units in SI. All 

other units are to be derivatives from these. The base 

units are materialized in the forms of standards. A set of 

standards were made and one of those were selected by 

random to be appointed as the international standard or 

prototype. These are kept in Sevres, in France. The rest of 

the standards were raffled among the nations that joined 

this system, they are the national standards. The 

Hungarian standards are in the OMH, an institution we 

have talked about already. Interestingly, the only western 

nation that has not adopted this system is the USA.  

The seven base quantities and their units are shown in 

Table I. I inserted some quantities in green to the 

corresponding base quantities, since these are of great 

help in the teaching process; partly because they are in 

the curriculum, partly because they are in our everyday 

use. 

 We need to understand what each of these units are.  It 

gives an excellent opportunity the teacher to make the 

best use of the Information Society. We can form groups, 

and give each group a task. 

The groups are to look up what the units mean and 

how the definition changed in history. They can analyse, 

discuss and evaluate the information they gain from the 

internet. They also set up a short presentation for their 

mates to show what they found. These tasks are all active 

ways of learning according to Dale’s cone of experience 

[5].  

We can help the groups’ work by giving hints and links 

they can begin their search from, like these: 

• length, metre 

https://en.wikipedia.org/wiki/History_of_the_metre 

1793, prototype, 1983, Bay Zoltán 

• mass, kilogram 

https://en.wikipedia.org/wiki/Kilogram 

1795, 1875, the “Grand k”, 1889, Watt Balance and 

Avogadro Projects 

• time, second 

https://en.wikipedia.org/wiki/Second 

periodic phenomena, 1/86400, 1967, the seconds 

pendulum 

• electric current and charge, amp and coulomb 

https://en.wikipedia.org/wiki/Ampere 

https://en.wikipedia.org/wiki/Coulomb 

1881, 1946, 6.242∙1018, electron 

• temperature, Kelvin and degree Celsius 

https://en.wikipedia.org/wiki/Kelvin 

https://en.wikipedia.org/wiki/Celsius 

1743, 1956, ice-water-steam 

• measure of substance and quantity, mol and piece 

https://en.wikipedia.org/wiki/Mole_(unit) 

1890, 1967, Avogadro, the ratio of one single entity 

• luminous intensity, candela 

https://en.wikipedia.org/wiki/Candela 

1946, 1979, lumen, lux 

 

We can note that the following link is very useful for 

each of the tasks: http://www.si-units-explained.info/ 

temperature/#.Wcd0sshJaUk 

Further tasks for the teacher:  

• Once we have an agreement on the base unit we 

may find that these are either far too big or far too 

small for our project. Prefixes are used to solve this 

problem. We should also present these. 

• It is important to strengthen the links between 

doctrines in public education. We should make 

remarks on orthography.  

• Tamás Szabó Sipos made a series of cartoons to 

help the invention of SI at the time. It has an 

excellent sense of humour and the information the 

TABLE I.   
SI BASE QUANTITIES ADJUSTED TO PUBLIC EDUCATION 

 

quantity symbol unit symbol 

length l metre m 

mass m kilogram kg 

time t second s 

electric current 
charge 

I 
Q 

amp 
coulomb 

A 
C 

temperature T Kelvin  
degree Celsius 

K 
oC 

amount  of 
substance 
amount 

n 
 
N 

mole 
 
piece/bit/--- 

mol 
 
-- 

luminous 
intensity 

I candela cd 
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cartoons use is correct. We can use for Hungarians 

only. 

https://www.youtube.com/watch?v=JyJBy24MlGw 

E) The Record of Measurement 

In engineering and in research it is important to make 

the documentation of our work. I worked out a type of 

documentation that helps our students best understand the 

steps of scientific cognition, and the analyzed problem 

itself also. In this part of the physics course I use two 

projects (and therefore work on two RoMs) to help my 

students to get familiar with the scientific method.  

A project done together:  Specifying angular measure 

I find it significant to strengthen the connection 

between school subjects. This first project is dedicated to 

this idea: being also a teacher of mathematics, I have 

experienced that our students find it difficult to 

understand and work with it, although it emerges nearly 

every grade in the Hungarian National Curriculum.  

As we progress in cognition we also understand what 

each part of the Record of Measurement stands for. Table 

II shows how the students get familiar with the method 

on an example. I do it as an outdoor activity if the 

weather allows.  

 

RECORD OF MEASUREMENT 

Name (+mates): 

Venue: 

Date:  

Investigation:   Measuring Angles Project 

Learn how angles can be measured by measuring length 

only 

The scientific background of the project:  

• Roger Cotes in 1714 described this nature-based 

measure of angles. The term, radian first appeared in 

Belfast, at Queen’s Collage in an exam paper, in 

1873.  

• Till 1995 it was an SI supplementary unit, now it is 

considered as a derived unit.  

• In the figure basic notions of a circular sector are 

shown.  

 

• We define the measure of the central angle by the 

ratio of the length of the corresponding arc and the 

length of the radius in a circular sector.  

 

• Another well-known measure of angles is degree. We 

measure it with a protractor. The full angle measures 

360o.  

• It is used in the study of circular motions.  

Steps: 

1. We draw circular sectors of different angles and radii. 

We will investigate 0o, 30o, 45o, 60o, 90o, 180o, 270o 

and 360o. The radii can vary from 10 to 100 cm.  

2. We measure the length if the arc using yarns, and the 

length of the radius using a tape measure.  

3. We divide the readings to get the angle in radian.  

 

4. We repeat steps 2 and 3 for each sector 

Tools:  

yarn, choke, tape measure 

Readings and analysis: 

 

angle 
30o 45o 60o 90o 180o 270o 360o 

arc 
(cm) 

       

radius 
(cm) 

       

angle 
in SI 

       

 

Conclusion: 

 

 

 

Notes: 

• We used the https://en.wikipedia. org/wiki/Radian site 

for our studies. 

• The thickness of the choke’s trace made it difficult to 

measure the length of the arc and radius precisely.  

• Also, we made our readings from the tape measure to 

cm accuracy. 

TABLE II. 
A ROM ON THE ANGULAR MEASURE PROJECT 
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I have experienced in my practice that months later, 

when my students learn about this topic in math class, my 

colleagues are happy to hear about our project from the 

students. They regularly give the feedback that this 

project helped their work in the study of circles. 

Getting started with statistics: The Cinderella project 

Cinderella or The Little Glass Slipper is a fairy tale 

very popular all around the world. We know the story 

mostly in its version told in the Brothers Grimm in 1812. 

In the story, she needs to pick lentils out of ashes. In our 

project, the manual activity is very similar: we count 

pepper-grains.  

The investigation is: 

“How many pepper grains does a package contain?” 

The project is a variation of the SI base quantity, the 

amount of substance. The students are encouraged to look 

back on what we have covered in the topic when focusing 

on the theory.  

In this project, the students count how many grains 

there are in a package, using different methods. These 

methods may be  

a) counting one-by-one 

b) making groups of 10, counting the groups, and adding 

the rest 

c) making groups of 50, counting the groups, and adding 

the rest.  

Very often they face the problem of not having the 

same result with the same method. This gives an 

excellent opportunity for the teacher to revisit what they 

have already discussed about errors. As the studied theory 

comes alive in a practical situation it consolidates the 

knowledge and demonstrates the duo of theory and its 

application. At this point knowledge goes to a thorough 

level of cognition, gets a deeper understanding.  

As the groups are working they realize that their 

results are different. The difference of the groups’ results 

is worthy of a study. Counting how many grains there are 

in one particular package does not give the best answer to 

the question. Making simple statistics of the results of 

different packages is evidently a feasible solution. Thus, 

they also understand the need of cooperation in scientific 

research.  

The class also needs to work out a table setting to 

logically show the results. In my practice, I found two 

appropriate solutions. These are in Table III and IV.  

 

Groups 1.  2. 3. .... .... 

method a)      

method b)      

method c)      

grains in the 
package 

     

average  

 

 
The students make a note on their average as the 

element of the set of averages, like: “Seemingly in our 
package we had just about as many grains as all the 
other groups had I theirs.” 

When finishing the project, the issue of errors often 

occurs again. Namely some grains happen to “disappear” 

somehow: either some youngsters tend to eat them, or I 

find a few on the ground after collecting the equipment. 

The irreducible presence of error in a measurement turns 

into the focus again, thus vouching the previously so 

strange idea.  

Using these data also gives an opportunity to practice 

statistical notions (like modus, median, mean, extent, 

etc.) for the math class.  

III. CONCLUSION 

Methodological research is in the service of better 

science education. Insertions of hands-on activities are 

present on the palette of classroom events. Also, our 

students need our help to evaluate and make the use if the 

Information Society for the best.  

As an example, I planned and developed an optional 

chapter for the secondary school physics courses on 

Measurement Theory. I considered the use of the internet 

to motivate and engage in an active way our students.    
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