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Abstract: The most important competence for any professional is a special mindset. Certainly, the thinking styles of an 

economist, manager, engineer, lawyer, etc. differ. However, they are similar in the part that distinguishes any 

reasonable person. This universal core coincides, to a large extent, with the technical mindset. The author 

discusses the basic facets of the issue and presents some learning strategies developed by him over many 

years of teaching. They can be useful to others, regardless of the subject they teach. Simple, but cunning tasks 

that do not require knowledge outside of school physics, but only quick wits, serves as an excellent touchstone 

for honing style of thinking. Two such exercises are presented here in the hope that the inquisitive reader will 

enjoy it. 

1 INTRODUCTION 

The best epigraph to this article might be a quote by 

Immanuel Kant (1724 ‒ 1804), which in German, 

English and Russian sounds like this: “Sie müssen 

nicht Gedanken lehren, sondern Denken,” “Not 

thoughts need to be taught, but to think,” and “Не 

мыслям надобно учить, а мыслить.” By the way, 

although all three sentences mean the same, the 

peculiarity of the Russian language gives Kant's 

saying an epic flavor. Kant does not deny that 

education is based on the acquisition of knowledge 

(i.e. thoughts) in the process of learning. He claims 

that the highest goal is to form in students the right 

thinking style in accordance with their chosen 

profession. 

Certainly, the thinking styles of an economist, 

manager, engineer, or a lawyer, artist, painter differ. 

However, to a large extent, they coincide in the part 

that distinguishes any reasonable person. In my, 

perhaps, the subjective view of a techie, this universal 

core coincides mainly with the engineering mindset. 

On the other hand, in the modern world, sustainable 

development, along with the improvement of 

administrative and economic structures, is mainly 

provided by technical progress. All these 
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circumstances influenced the choice of the topic for 

discussion. 

Internet responds to requests about the higher 

education issues with a huge number of publications 

from ancient times to present. In particular, the 

general problems of education itself and its 

relationship with society and the economy are 

characterized by (Buchbinder, 1993; Delanty, 2001; 

Quadrado, Galikhanov, Zaitseva,2020; Hakala, 

Ylijoki, 2001; Kogan Pronina, 2022; Nieminen, 

Kaukonen, 2001; Rakitov 2017).  

The goals and objectives of education, as well as 

pedagogical techniques for achieving them, are 

discussed in (Xia, 2017; Simon, Taylor, 2009) and 

(Gormas-Logos, Galarce-Miranda, Hortsch, 2022; 

Xia, 2015; Hmelo-Silver, Barrows, 2006), 

respectively. 

Psychological aspects of teaching, learning and 

interaction between teachers and students are the 

matter of (Eccles, Wigfield, 2002; Falout, Elwood, 

Hood, 2009). 

Rapid advances in computer technology are 

leading to "Digital Everything, Everywhere". Of 

course, this could not but affect teaching and learning, 

creating attractive opportunities for improving 



education (Rhee, Verma, Plaschka, and Kickul, 2007; 

Tchoshanov, 2022). 

However, in some cases there are pitfalls, which 

we should be aware of. Virtual labs that simulate real 

constructions, measuring devices and processes fence 

the student from the world of real technologies, just 

like playing football or fightling on a computer screen 

trains only the skills to move the mouse, nothing 

more.  

2 TECHNICAL MINDSET 

2.1 Why? 

Psychologists consider the technical mindset as a 

universal cognitive technique, regardless of the 

subject of thought. Accordingly, they distinguish four 

types of thinking: causal, dialectic-algorithmic, 

holographic and vortex. 

We will understand by the style of thinking those 

psychological properties of the individual that form 

the basis of his professional competence, and strictly 

speaking, the profession leaves an imprint on his 

mindset. Nevertheless, there is a universal core, 

which is necessary for any professional, and indeed 

for any sane person. For two reasons, this core is 

associated with technical mindset. 

Firstly, the world of technology is not only vast 

and ubiquitous, but it obeys the strict laws of physics, 

providing unlimited space for knowledge and 

creativity.  

Secondly, even for professions governed by 

humanistic conventions of ethics and beliefs, even for 

these professions, quantitative measures (possibly in 

the form of statistical estimates) should be an 

important footing. Otherwise, the following 

situations occur. 

In stores, price tags with nines, say, ₽799.99, are 

very popular. This is because managers believe that 

an ordinary buyer perceives it as 700 rubles 

(according to the first digit). In my opinion, this is 

sheer stupidity, as any modern person cannot but 

understand that it is ₽800 without one kopeck. If I am 

wrong, and the belief of the managers is correct, then 

they commit villainy, exploiting a flaw in human 

psychology. 

Emphasizing the opposite of faith and knowledge, 

Immanuel Kant said, “I had to deny knowledge in 

order to make room for faith.” 

2.2 What is it? 

The following mental capacity and skills are inherent 

in the engineering style of thinking.  

1. Curiosity and aspiration to understand the 

essence of any physical phenomena and laws that 

govern the technical world.  

2. A commitment to the quantitative description 

of the analysed things and physical processes. Three 

skills are important here: 1) the ability to select 

measurable characteristics and parameters for 

essential properties; 2) ignoring non-essential factors; 

3) revealing patterns and relationships that govern the 

problem under consideration; 4) building a 

mathematical description in such a way that it is 

possible to solve the problem. 

3. Possession of an arsenal of mathematical 

methods necessary for solving a wide range of 

problems in the relevant technical field. 

4. Ability to reveal the physics of the analysed 

devices or processes, hidden in mathematical 

formalism. This not only leads to a meaningful 

interpretation of the results obtained, but also can 

often speed up calculations by heuristic assumptions 

and reasonable simplifications. In addition, 

sometimes among the rigorous mathematical 

solutions, only some of them are technically feasible 

or meet other practical constraints. Revealing them 

from formal solutions is impossible without 

understanding the physics behind the mathematical 

expressions. 

Finally, there are two very important facets of the 

technical mindset as engineering competencies: the 

ability to easily immerse yourself from the real 

physical world into the virtual world of mathematical 

descriptions, and just as easily make the return 

transition to physical reality, to the interpretation and 

understanding of formal results.  

3 PEDAGOGICAL ISSUES 

3.1 Good Practices 

The formation of a technical style of thinking requires 

years of study at a university. All types of classes 

(lectures, laboratory work, practical exercises, course 

projects, etc.) make their irreplaceable contribution to 

achieving the goal. It is impossible to do so in result 

of a special course of lectures. 

Over the many years of teaching radio electronics, 

I have developed some pedagogical techniques that 

can be useful in teaching any discipline, not just 

technical. 

To awaken the natural curiosity and ingenuity of 

the young mind, questions and discussions of various 



and seemingly simple phenomena of nature and 

technology are useful. For example, juice from the 

root rises to the top of the tree to dissolve the buds 

and feed the foliage. If a tree is 20 meters high, and 

the bark consists of thin tubes, then a pressure of 

about 2 atmospheres is required to raise the juice by 

20 meters. This estimate follows from school 

knowledge about the Torricelli's emptiness and the 

height of the water column (10.34 meters). However, 

this is impossible! Such pressure will tear the tree 

bark. What do you think, where mistake hides? 

It is natural for young people to be of self-doubt. 

They have the false belief that only scientists write 

formulas to be looked up in textbooks. They prefer to 

get rid of the formulas as soon as possible by 

substituting the data in them. To overcome these 

barriers, demonstrate how richer any math formula is 

in terms of information than the numbers obtained 

with its help. The formula says (loudly, not in a 

whisper) in what proportion and to what extent 

certain quantities affect the result. 

The formula, like litmus paper, reveals the "typos" 

contained in it or your false interpretation of the 

notations. It is enough to substitute the dimensions of 

the variables into the formula and see if the 

dimensions of the left and right parts of the formula 

match. Extremely simple and effective action, isn't it? 

Students need to firmly grasp that, unlike 

mathematicians, we operate with quantities whose 

values depend on the dimension used. Very often 

students write, "The calculated power of the 

transmitter is P = 25.4" I ask, "Will it be a powerful 

or weak transmitter?" They are embarrassed. I clarify, 

"Is it megawatts, watts or something else?" It is 

interesting to note that dimensionless is certainly 

dimension! Indeed, radian, degree, decibel, 

percentage are all the names for dimensionless 

quantities. However, they cannot be summed up! 

3.2 Useful Tasks to Train Creativity 

To encourage the curiosity and creativity inherent in 

the technical mindset, simple but intriguing tasks that 

do not require knowledge above school physics will 

come in handy. For specificity and for the sake of 

inquisitive readers, we give two examples of such 

tasks. 

Task 1. Among the goals of the grandiose project 

"Millimetron" to explore the universe, a photon 

counter should be used to detect the cosmic 

microwave background created by the primary 

explosion. This is where the idea for the first task 

comes from. 

Let a smartphone radiates power P = 6.6 mW 

isotopically at a frequency ν = 1 GHz. Estimate the 

distance R at which its field ceases to be an 

electromagnetic wave and is a discrete photon flux 

(see Figure 1).  

 

Figure 1: Smartphone radiation. 

It is a well-known fact that the electromagnetic 

field is composed of a swarm of photons, in the same 

way as water is made up of molecules. With a huge 

density of photons or molecules, it is ridiculous to 

reckon with the discrete structure of a field or water, 

and we perceive them as something continuous: an 

electromagnetic wave or a liquid, respectively. As the 

field propagates, the volume density of photons 

decreases, and at large distances R there is no longer 

a field, but a discrete photon flux. 

Of course, the boundary R between an 

electromagnetic wave and a photon flux is a vague 

concept, crucially dependent on the value of the 

limiting density. Actually, this is the usefulness of the 

task. The student must act as an expert and, based on 

common sense, "assign" the value mentioned above. 

By the way, the ability and determination to make a 

decision in a situation of significant uncertainty is 

important for any profession. 

Naturally, different people may pave a different 

path while thinking about the same task. Let us denote 

density limitation by the number Dmin of photons that 

fly through the surface area dS in a time interval dt, 

say, bearing in mind dS = 1 mm2, dt = 1 s and Dmin = 

104. 

On the other side, for a period of time dt, the 

smartphone emits energy E = P dt, and since the 

energy of one photon is equal to e = ћ ν (here ћ = 

6,626 10-34 [J s] is Plank’s constant), the number of 

emitted photons is equal to N = P dt /e. At a distance 

R, the area dS intercepts the number of photons equal 

to dN = N dS \ (4π R2). Equating dN and Dmin, we 

obtain an equality from which follows the formula 

 

R = [P dt dS / (4π ћ ν Dmin)]
½ (1) 

 

that gives the desired estimate of about 80 km. 



Task 2. Imitation of a real situation (do not try to 

repeat). 

Returning from the race, the driver felt that the 

rear wheel got pierced (Figure 2). There was no spare 

wheel. The "stable" is far away, emergency service 

would not come for a long time. To drive slowly, the  

tire would be chewed. It is a pity. Late evening, the 

road is empty. 

The driver was an excellent student at school. He 

remembered about the centrifugal force of rotation, 

and the formula surfaced in his memory. He closed 

his eyes, carrying out certain operations in his head to 

calculate at what speed V the centrifugal force would 

stretch the tire, just as air pressure does in a pumped 

wheel. Then, with an exclamation of "Hurrah," he 

pressed the gas pedal and in half an hour reached the 

garage without damaging the tires.  

Estimate the speed at which the sports car should 

move in the described situation. Figure 2c gives you 

a grate hint. Set the radius r and thickness h of the tire 

according to your idea of what a sports car is. You 

will need the density of the rubber that the tire is made 

of. It is almost equal to the density of water: one ton 

per cubic meter. In addition, take the normal air 

pressure in the tire from one to two atmospheres. 

4 CONCLUSIONS 

Students acquire and improve correct mindset 

through lectures, labs, practical exercises, and even 

exams. However, this is most effective when doing 

course projects, if the development is not limited to 

strictly following the template or instructions of the 

manual. 

It is useful if the tutor deliberately puts the student 

in an ambiguous choice and at various stages of the 

project takes the active role of the customer of the 

project, either an experienced consultant or a 

malicious competitor. It is helpful if the teacher 

himself, guiding the student, generates spontaneous 

ideas with excitement and pleasure. 
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Figure 2: A pierced weel: a ‒ still; b ‒ moving; с ‒ its model. 


