


Young Scientist 

Research

Contents 

Editor in Chief:

Dr. Dina Izadi

Associated Editors 

 Physics Education, National Polytechnic Institute 

IPN, Mexico 

Researcher & President, AYIMI & ADIB
info@ayimi.org 

Dr. Masoud Torabi Azad
Professor, Physical Oceanography, 

Islamic Azad University &
 Board Member, AYIMI
torabi_us@yahoo.com 

Nona Izadipanah

Geophysicist, Scientific Committee & 
Board Member, AYIMI 

daisyip67@gmail.com

Dr. Cesar Eduardo Mora Ley

Professor, Physics Education,  National 
Polytechnic Institute, IPN, and
 CICATA Principal , Mexico 

ceml36@gmail.com

Dorna Izadipanah

 Microbiologist, Scientific Committee &  
Board Member, AYIMI 

dorna_izadipanah@yahoo.com

Dr. Carmen del Pilar Suarez Rodriguez 
Faculty Member, Physics Education,

UASLP, Universidad Autónoma 
de San Luis Potosí, Mexico

pilar.suarez@uaslp.mx 

Designers: 

Nona Izadipanah

Address:
Unit 14, No.32, Malek Ave., Shariati St.

Post Code: 1565843537

Tel:+9821-77507013, 77522395

Dorna Izadipanah

          

Falling Tower  ............................................................................................3

Irreversible Cartesian Diver  .....................................................................4

         
The Intelligent Diagnosis and Treatment.................................................11

     

Magnetic Field ........................................................................................16

Epidemiology (Covid-19) ........................................................................19     
  

Genotoxic and Cytogenic Effect of Four Loko in Human Cells................23

Augmented Reality as a Didactic Tool in Education ...............................27

         The Effect of Salt on Ice Melting (33-35) ............................................... 33

Slope Warning System ...................................................................................36

The Effect of B�ofilters on Water Qual�ty Parameters and.......................38

Nephron Model For Course Teaching Material Purpose..........................44

The Coefficient of Restitution of Rebounding Capsules .........................48

ZEPHYROS a Habitat on Mars ...............................................................51  

A New Sampler Invention....................................................................... 53

Ümit Karademir,
Dr. Cansu İlke KURU ,

Dr. Meltem Gönülol Çelikoğlu and 
Belit Karaca

Buca Municipality Kızılçullu Science and 
Art Center, Turkey

 info@bucaimsef.org

dinaocean@gmail.com 

YOUNG SCIENTIST RESEARCH
Journal in Science Education
ISSN: 2588-5111

mailto:info@bucaimsef.org


2

Young Scientist Research Journal

WELCOME TO THE
 INTERNATIONAL JOURNAL of 
YOUNG SCIENTIST RESEARCH

Young Scientist Research is a research journal based on 
scientific projects and  we are pleased to present our  
students’ work in scientific activities. This open-access 
journal includes young students' research in any field of 
science which publishes full-length and abstract research 
on any aspects of applied sciences in relation to work 
presented in both national and international conferences, 
competitions and tournaments  of all types. 

Programs that have educational opportunities for high 
school students to present their distinguished projects from 
regional, national and international events such as 
International Conference of Young Scientists (ICYS), 
International / Persian Young Physicists’ Tournament 
(IYPT/ PYPT), International / Iran Physics’ Tournament 
(IPT/ IRPT), International Music , Science , Engineering 
Fair (IMSEF).

New manuscripts sent to the Journal will be handled  by 
the Editorial Office who checks compliance with the 
guidelines to authors. Then a rapid screening process at 
which stage a decision to reject or to go to full review is 
made. 

By submission of a manuscript to the Journal, all authors 
warrant that they have the authority to publish the material 
and that the paper, or one substantially the same, has 
neither been published previously, nor is being considered 
for publication elsewhere. 

This journal belongs to Ariaian Young Innovative Minds 
Institute, AYIMI, and one to two issues are published in a 
year. All details are on the  YOUNG SCIENTIST 
RESEARCH Journal website (http://journal.ayimi.org )

Editor in Chief
Dr. Dina Izadi   
Researcher & President of
AYIMI , International Research Institute 
ADIB, Cultural and Artistic Institute
http://www.ayimi.org
http://adib.ayimi.org
http://journal.ayimi.org
Email:   info@ayimi.org
Unit 14, No. 32, Malek Ave., Shariati St.,
Post Code: 1565843537
Young Scientist Research Journal, ISSN: 2588-5111
Tehran/ Iran

CURRENT ISSUE

Vol 5 NO 1  DEC 2021

COPYRIGHT © INTERNATIONAL JOURNAL OF YOUNG 

SCIENTIST RESEARCH  (http://journal.ayimi.org)

Young Scientist Research, Vol. 5, No. 1 (2021)

http://www.ayimi.org
http://www.ayimi.org
http://www.ayimi.org
http://www.ayimi.org
http://www.ayimi.org
mailto:info@ayimi.org


1  Introduction
 This experiment is about the motion of identical discs 

that are stacked on top of each other if we apply a sudden 
horizontal force to the bottom disc, the tower might remain 
standing.  

When the sudden force is applied to the tower, other discs 
will start to move versus each other. If the center of mass of 
the discs passes through the last point of the bottom disc 
more than a critical time, the tower will topple because of 
the torque which is applied to the discs of the tower (Fig.1).

Fig. 1: Falling tower modeling (passing through the last point of 
the bottom disc)

Three kinds of movement have been observed in 
experimental results. The first kind was when we applied 
the sudden force to the bottom disc and the tower remain 
standing and also the movement between the discs of the 
tower is insignificant so we can consider it as a rigid body. 
The second kind is when the tower will remain standing but 
the movement between the discs of the tower is significant. 
This situation show the tower had the tendency to fall down 
and the third was when the tower topple (Fig. 2 a-c).

          ( a)                     (b)                       ( c)
     

Fig. 2: a) Rigid body tower, b) Not Rigid body tower           
 c) Falling tower

In this paper, we are going to investigate in which cases 
the tower will remain standing and rigid, not rigid or it will 
fall.

2  Theory and Experiment
In experimental setup, the sudden force has been applied 

to the bottom disc with a ruler and some wooden discs are 
used as tower. The thickness of the discs was 1.5cm with 
different diameters (4,6,8,10cm). 

2-1  Pattern of the Tower
When the sudden force is applied to the bottom disc the 

force will be transferred to the other discs as well but this 
transformation will happen with delay, so the first disc will 
start to move sooner than the other discs and it makes the 
distance between first discs to be shorter rather than the last 
discs as the pattern is observed in Figure (3). 

Fig. 3: Pattern of the tower after transformation

2-2  Rigid Body Tower
We need to prevent this transformation with delay to have 

a rigid body tower. To avoid this transformation, the second 
disc must not start to move and accelerate. So the 
summation of the forces affecting the second disc must be 
zero (Fig. 4). 

Fig. 4: Second disc free diagram

FALLING TOWER
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his research is about the motion of identical discs that are stacked on top of each 

Tother when we apply a sudden horizontal force to the bottom disc, the tower 

might remain standing.  We are going to investigate in which cases the tower 

will remain standing and rigid, not rigid or it will fall. Is it affected by the friction between 

the discs or other parameters?
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According to equations (1-3) the static friction affecting 
the disc from the upper discs and the kinetic friction from 
the lower disc must be equal to each other.

                                                                                       (1)
   
                                                                                       (2)

                                                                                       (3)
so: 

                                                                                       (4)

By decreasing the amount of  S the second disc will move 
less so the possibility of staying rigid will increase as well 
(Eq. 4). S have been investigated in different cases (Fig. 5).
  
 

Fig. 5: Investigating the number of the discs

As much as the number of the discs increases , S will 
decrease (Eq. 5). Also the inertia of the tower will increase 
as well so in high tower, hitting the bottom disc makes the 
angular acceleration of the tower less (Eq.6).
So increasing the number of the discs increases the 
possibility of staying rigid as well (Fig. 6). 

                                                                                       (5)
                                                                                      
                                                                                       (6)

Fig. 6: The second disc doesn't move a lot because of the high 
number of the discs

But when the number of the discs decrease, the pattern can 
be observed. According to Figure (7) the acceleration of the 
discs are equal to each other. So when the amount of  S 
increases the tower will not stay rigid.

Fig. 7: Final pattern of the tower with low number of the discs

2-3  Falling Tower
The toppling will happen in not rigid cases after the 

pattern is observed. The center of mass of this pattern must 

be investigated.

Fig. 8: Place of the center of mass 

If the summation of x is more than zero (that means the 
center of mass of the tower passes through the last point of 
the bottom disc is more than a critical time), the tower will 
topple when it is still over the bottom disc (Eq.7). 

                                                                                       (7)

When the tower is coming down, it will hit the bottom 
disc for a short time This phenomenon will change the 
angel of the tower and it makes the torque to be applied to 
the disc of the tower. Torque makes the discs of the tower to 
move versus each other so the place of the center of mass 
must be investigated again.

If the equation (7) become more than zero in figure (9) the 
tower will topple in the moment that it hits the ground. 
Otherwise the tower will remain standing in a not rigid 
pattern (Fig. 10).

Fig. 9 : Changing the angle of the tower 

Fig.10:  not rigid tower 

3  Effective Parameters
Some effective parameters are introduced in this section. 

also the effect of the parameters on possibility of toppling 
has been explained. 

3-1  Friction Coefficient between the Discs
According to Fig. (11), the acceleration given to discs is 

equal to           .
When we increase      the acceleration given to each disc 

will increase. That makes the second disc to have a greater 
velocity. So the distance between the discs will increase 
and a not rigid pattern can be observed and this increases 
the possibility of toppling. 
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               (a)                                             (b)

Fig. 11:  a) Lower friction modeling, b)Higher friction modeling 

3-2  Mass of  the Discs
From equation (7) we concluded when mass of each disc 

increases the inertia of the tower increase. So the angle of 
the tower doesn't change when it hits the bottom disc and 
the possibility of toppling decreases. 

3-3  Radius of Each Disc
In cases that the radius of each disc is high, the tower will 

be stable. The duration that the center of mass of the tower 
passes through the last point of the bottom disc will less 
than a critical time. But when the radius decreases the 
center of mass passes through the red line sooner so the 
tower will topple (Fig. 12).

Fig. 12: Different radius of the discs

3-4  Speed of the Hand 
When the speed of the hand is low, the duration that the 

tower and the bottom disc are touched with each other will 
increase (Eq. 8). So the second disc will have a greater 
velocity and not rigid pattern will be observed and that 
makes the tower to topple. 

                                                                                       (8)

4  Experimental Procedures

4-1  Number of the Discs and Radius of each Disc 
Different number of the discs have been investigated (4 

cm diameter) of each disc (Fig. 13).

Fig. 13: Possibility of toppling per Number of the discs(4cm)

As much as the number of the discs increases the S will 
decrease and it makes the tower to remain standing. It is 
also the same in figure (13) the possibility of staying rigid 
increases with number of the discs. When the radius of each 
disc increases, possibility of toppling increases with the 
number of the discs (Fig. 14). 

  
       
                      (a)                                                  (b)

                                            
                                              (c)

Fig. 14: . Possibility of toppling per Number of the discs, a) 8cm; 
b)10 cm; c) 6 cm

When the radius of the discs increases, the tower will 
have a stable situation so increasing the number of the discs 
will make it stable to a critical point. After that critical 
point, the effect of the speed of the hand will be important. 
When the speed of the hand is low the tower will topple 
because the second disc will have a high velocity otherwise 
the tower will remain standing.

4-2  Changing the Friction Coefficient
Some papers have been attached to the discs to change the 

friction coefficient. Therefore, when the friction coefficient 
is high the acceleration of the discs increases and the 
possibility of toppling increases as well and this matches 
the charts. 

4-3  Height of Each Disc 
Two discs have been attached to each other to increase the 

height of each disc. When the height of each disc increases, 
n will decrease so  S decrease and the tower will topple 
(Fig. 15). 

                                               (a)

                                               (b)

Fig. 15: F32. Possibility of toppling per height of the discs , a) 6cm; 
b) 4 cm
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In all , discs in 3cm height had a higher possibility of 
toppling rather then 1.5 cm.

5  Ratio 
A variable has been defined  to conclude the effect of height 
and radius of the discs.

It can be concluded that by increasing the ratio, the 
possibility of toppling increases as well but the slope is 
decreasing after a while (Fig. 16) . That is because of the 
inertia. When the number of the discs is higher than a 
critical number, the inertia of the tower affects the tower a 
lot so the tower will not rotate when it hits the bottom disc. 
So the possibility of toppling will start to decrease again 
when the number of the discs increases.

Fig 16: Possibility of toppling in each ratio 

6  Conclusion
Three kinds of movement have been observed is this 

phenomenal. Rigid body, not rigid body and toppling. The 
pattern of the tower has been explained. These kind of 
movement have been explained according to the theory. 
We found in which cases there is a rigid body or not rigid 
body and also in which cases the tower will topple.

Some affective parameters have been investigated 
theoretically and experimentally and possibility of 
toppling have been investigated too.

When we increase       the acceleration given to each disc 
will increase. That makes the second disc to have a greater 
velocity. So the distance between discs will increase and a 
not rigid pattern can be observed and this increases the 
possibility of toppling. 

In cases that the radius of each disc is high, the tower will 
be stable. The duration that the center of mass of the tower 
passes through the last point of the bottom disc will be less 
than a critical time. But when the radius decreases the 
center of mass passes through the red line sooner so the 
tower will topple. 

When the height of each disc increases, n will decrease in  
so S decreases and the tower will topple.
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1  Introduction
The problem statement says “ A simple Cartesian diver 

(e.g. an inverted test tube partially filled with water) is 
placed in a long vertical tube filled with water. Increasing 
the pressure in the tube forces the Cartesian diver to sink. 
When it reaches a certain depth, it never returns to the 
surface even if the pressure is changed back to its initial 
value. Investigate this phenomenon and how it depends on 
relevant parameters.”

In our initial observation, when we squeeze the bottle, the 
diver sinks to the bottom of the bottle and after crossing a 
certain depth, it spontaneously sinks and doesn't come back 
to the surface when we decrease or release the pressure.

What happens to a simple Cartesian diver? The behavior 
of a Cartesian diver is unique and doesn't occur with 
normal buoys, but why?

When we squeezed the bottle, the air inside the diver 
compressed and water enters the diver. So part of the initial 
volume of the air that is inside the diver gets replaced by 
water. As we know, the density of water is much bigger than 
the density of air. Thus, the density of our diver increases, 
which causes our diver to sink. 

When we release the pressure, water comes out of the 
diver. So the volume of the air increases and reaches its 
initial value. As a result, the density of our diver returns to 
its initial value. So our diver returns to its first position that 
was floating on the surface of the water.

The density of our diver changes due to the external 
pressure, so by increasing the pressure, the diver sinks. 
Now let's take a look at our diver. Here we have the initial 
length of air and water columns in our diver (Fig. 1).  

 Fig.1: by increasing the pressure, the diver sinks

Air is compressible water is not. So by the rise of the total 
pressure, the air inside the diver compresses, and its 
volume decreases. So it allows more water to come inside 
of the diver. Thus the volume of water inside of the diver 
increases. As a result, the density of our diver rapidly 
increases, and it causes our diver to sink.

An irreversible Cartesian diver is a simple Cartesian diver 
with this difference; it remains at the bottom of the bottle, 
even when the pressure is released. 

2  Theory and Methods
These are our assumptions: 

- The air bubble in the diver feels only the ambient pressure 
plus the pressure exerted on the surface of water.
- The temperature of the water and the air trapped in the 
diver is constant during the experiment.
-Water is practically incompressible, so its density is 
constant and does not change with depth.
-The trapped air behaves like an ideal gas.

At first glance, we have the forces acting on our diver: The 
buoyant force, the diver's weight, and the dissipative force 
proportional to velocity (Fig. 2).

Fig. 2: Forces acting on the diver

Both of our theories show that we have a certain depth in a 
bottle of an irreversible Cartesian diver, which is called 
“Critical depth”. When the diver goes beyond that depth, it 
spontaneously sinks and doesn't come back to the surface 
when the pressure is released.                                                                                                                                             

 But in a simple Cartesian diver, the bottle usually isn't 
long enough. So the diver always remains above that depth. 
So when it reaches the bottom of the bottle, the buoyant 
force will return it to the surface when we release the 
pressure. If we don't consider the drag force, we will realize 
that beyond the critical depth, the buoyant force that 
applied to our diver is lower than the diver's weight. So it 

IRREVERSIBLE CARTESIAN DIVER
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Tlong vertical tube filled with water. Increasing the pressure in the tube forces the 

Cartesian diver to sink. When it reaches a certain depth, it never returns to the 

surface even if the pressure is changed back to its initial value.  We are going to find how it 

depends on relevant parameters such as pressure, depth, initial velocity and other 

parameters.
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diver at the bottom and the buoyant force won't be enough 
to overcome it and return the diver to the surface when the 
pressure is released (Fig. 3).

Fig. 3: The condition for never returning

So we wrote this equation of motion, without considering 
the drag force.

                                                                                       (1)

                                                                                       (2)

Now let's investigate the behavior of the diver in different 
pressures.  Suppose we have this test  tube,  in 
 P   pressure. The length of air column inside of it is l and 0 0 

the length of the test tube is L. And suppose we have this 
bottle that the pressure of the air inside it is P. We place the 
test tube inside the bottle. The new length of air column in 
the diver is l, which is obviously smaller than l We have x, 0. . 

that is the distance between the end of the diver and the free 
water level and     that is part of the of the air column in the 
diver that is submerged. We suppose our diver is the 
trapped air plus the test tube's glass (Fig. 4).     
 

Fig. 4: The behavior of diver in different pressure

When we increase the pressure of the air inside of the 
bottle, x become lower until at a point, it equals to 0, at that 
point, the pressure is the “critical pressure”; that is defined 
as the pressure in which the end of the diver is at the same 
level as the liquid's surface. If we increase the pressure pass 
the critical pressure, our diver spontaneously and 
completely will sink. 

Now let's discuss the first static equilibrium of our diver; 
when the pressure of the air inside of the bottle is P and in 
equilibrium position     is        ( Fig. 5) .          

    

Fig. 5: The equilibrium position

The mass of the trapped air inside of the diver is negligible 
compared to the mass of the test tube so according to 

Archimedes' principle, we can rewrite this equation. The 
first term is the buoyant force exerted on air that is 
submerged and the second term is the buoyant force 
exerted on glass that is submerged.

                                                                                       (3)

Now we have the equilibrium equation when P is P* and
 is equal to l . So we can write this equation as equilibrium 
in critical pressure. This quantity depends only on 
geometrical parameters and on the two densities (Fig.6) .

Fig. 6: Equilibrium with critical pressure

                                                                                       (4)

We suppose x  is much smaller than L so we can neglect it e 

and then       is approximately equal to      and we suppose 
the trapped air inside of the diver behaves like an ideal gas, 
and temperature is constant during the experiment (Fig. 7). 
So according to Pascal's principle and Boyle's law we can 
rewrite what we wrote in the previous step.

                                                                                       (5)

                                                                                       
                      so it is neglected.

                                                                                              (6)                                                   

                                                                                      (7)                                                                                                                                            
                                                                              
                                                                                       (8)

                                                                                       (9)
                                                                                                                                                                                                           

                                                                                      
                                                                                      

Fig. 7: First static equilibrium
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Now let's take a look at the dynamics of our diver. In order 
to derive the equation of motion, we have to use Newton's 
second law. There are 4 forces acting on our diver: The 
buoyant force on air, the buoyant force on glass, the diver's 
weight and the dissipative force.

                                                                                   (10)

Now we have a differential equation should be solved to 
reach x(t), where b is the constant coefficient of velocity, 
and for a cylinder,      is 0.82, according to our reference.

    
      is approximately equal to 0. So          is smaller than      .
The net force that is acting on the diver, might become 
negative and it causes the diver to sink.

                                                                                      (11)

Our diver sinks when it reaches the no return depth. In that 
depth, x is equal to        and     is equal to      . So       is 
calculated.  

                                                                                     (12)

By simulations and using tracker, the ordinary differential 
equation is solved  So we used this library in python by the 
initial conditions: x and         .

Fig. 8: using Simulation and tracker to solve equation

3  Experiments and Results
In this experimental setup, we used a cylindrical tube as 

the bottle, with 1 meter height and 10 centimeters diameter, 
a removable lead, at the top of the cylinder, a test tube, as 
the diver, that we marked it with black tape so that we are 
able to track it with Tracker, a pomp, to apply pressure on 
the liquid's surface, a three-way stopcock, to control the air 
admittance, a one-way stopcock, to control and maintain 
the pressure, a medical digital manometer and a ruler. So 
we are mechanically applying pressure on the water's 
surface and we are able to measure it.

Also several test tubes were used in our experiments (Fig. 
9) .

Fig. 9: Experimental setup

In this experiment, we are displacing the diver from its 
first static equilibrium a little; it creates some damped 
oscillations in the diver, around its equilibrium point.

Fig 10: Damped oscillations of the diver around its equilibrium 
point

In other part of experiment, we have the irreversible 
Cartesian diver. When we increase the pressure, the diver 
sinks, even if we keep the pressure constant, when we reach 
      and when we release the pressure, the diver remains at 
the bottom of the cylinder.
Here we used several identical test tubes, with different      .  

Fig. 11: Different motions of a Cartesian diver with different 

The diver d immediately sinks when we put it in the 
cylinder and when we increase the pressure, the diver c 
sinks. By increasing the pressure further, the diver b sinks 
too; because its critical pressure is lower than the diver a 
and higher than the diver c. But the diver a remains on top 
because its critical pressure is too much that we are not able 
to apply it. When we release the pressure, the diver b 
returns to the surface, but the positions of other divers 
won't change. 
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For the next experiment, we used one diver, with a 
specific    but varying its initial velocities in constant 
pressure. Here are the graphs of the depths versus time 
when the initial velocities of our diver are :  

                                                                                  
With initial velocity      , the diver goes down but because 

it doesn't reach the no return depth, it returns to the surface 
and has some damped oscillations around its equilibrium 
point.                                                                                                                                               

      is bigger, so the diver goes deeper but it doesn't sink 
completely and has a similar motion to the first situation, 
because it doesn't reach the no return depth either. But in 
the next situation, the diver crosses that depth and 
completely sinks and doesn't return to the surface. If we 
compare these graphs with those from the simulation, there 
is s good agreement between the theory and experiment 
(Fig. 12).

Fig 12: Different motions in the diver with different initial 
velocities

For the next experiment, we used one diver, but changing 
its       and measuring the critical pressure for its amounts it 
is found they have a linear correlation (Fig. 13).  

Fig 13: Linear relation in a diver between critical pressure 
and 

In comparison between the theory and the experiment for 
each of theses two     and               we can find a good 
agreement (Fig. 14). 

Fig 14: Comparison between theory and experiment 

4  Conclusions
In this research we wanted to make a Cartesian diver that 

doesn't come back to the surface when the pressure is 
released, and to find the relevant parameters. Our theory 
said these following parameters are important and by 
adjusting them, we can have a Cartesian diver that when it 
goes bellow a certain depth, it never returns to the surface.                                                                                                                              
But the irreversible Cartesian diver also can be achieved by 
some other ways, for example by using two liquids in the 
bottle with different densities, using absorbent material in 
the diver, etc.

When the external pressure is changed and the diver goes 
below a certain depth at the same time, we can have an 
irreversible Cartesian diver. That critical depth depends on 
the pressure and the initial amount of water in the diver.

When we give a small perturbation to a diver at its 
equilibrium point, it has some damped oscillations around 
its equilibrium point.                                                         

By using identical divers but with different initial 
conditions (   , initial velocity, etc.) we can observe 
different motions.

The diver completely sinks when it reaches its no return 
depth and when the pressure is rose to the critical pressure it 
spontaneously sinks and also we observed a good 
agreement between the theory and the experiments.
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1  Introduction
In postural deformities, there is an imbalance in the loads 

imposed on different areas. Where loads exceed normal 
physiological limits consistently and over prolonged 
periods of time, structural changes occur in the skeletal 
bones. These structural changes cause postural 
deformities, such as: genu valgum, genu verum, 
asymmetric shoulders, Kyphosus and etc. [1]. These 
deformities are spreading among people and mostly among 
students and workforces because of the environment they 
work in.

1-1  Postural Deformities in Workforces 
A research was done in Romania to present the risk 

factors in hand-arm tasks leading to neck and upper limb 
mascula skeletal disorders (MSDs) among workforces. In 
this research the relative occurrence of the type of work-
related health problem was calculated and as shown, 
workforces mainly suffered from disorders related to the 
skeleton structure (Fig. 1). 

 Fig.1: Relative occurrence of the type of work-related health 
problem[2].

1-2  Postural deformities in students 
A research was done to identify the prevalence and the 

main risk factors of poor posture among school children in 
Czech Republic. As shown in the table, in average about 40 
percent of the students suffered from having a poor posture 
(Table 1). 

Table 1: Trends in the Incidence of Poor Body Posture and Its 
Component in Relation to Age in Czech School Children [3]

1-3  Kinect Camera 
The Kinect sensor for Xbox360 (from now on Kinect 1.0) 

is an active camera. Unlike other human-based control 
devices lunched by other firms it allows users to play and 
completely control the console without having to hold any 
kind of device, but only by the use of voice and gesture. The 
Kinect is a low-cost sensor that allows the real-time 
measurement of depth information (by triangulation) and 
the acquisition of RGB and IR images at a frame rate up to 
30 fps. It is composed of an RGB camera, an IR camera, an 
IR-based projector, a microphone array, a tilt motor and a 
3-axis accelerometer (Fig.2). 

Fig. 2 : Kinect for Xbox one

The implementation of this project requires specific data 
from the user's body such as the coordination of the joints 
and their orientation that this camera provides alongside 
other features like motion capturing and gesture building 
used for implementing other phases of the projects. Since 
the project is based on a medical purpose its necessary that 
it imparts sufficient accuracy.  Given that Kinect camera is 
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low-cost, portable and does not require any sensors to be 
attached to the body, it could provide numerous advantages 
when compared to established marker- or wearable sensor 
based system. The Kinect V2 has the potential to be used as 
a reliable and valid clinical measurement tool [6].

2  Objectives  and Importance of the Project
The objectives of this project are: 
- Decreasing the costs for diagnosing and treating the 

deformities by using the proper equipment and methods  
- Accelerating the whole amelioration process by 

gathering the phases in one system 
- Reducing the requirement of an orthopedic doctor by 

increasing the accuracy of the system as far as possible
As mentioned before postural deformities are increasing 

among people and becoming a serious issue in school 
children and workforces. Diagnosing and treating these 
deformities instantaneously not only prevents further 
damages caused on your health but also saves money and 
time. Yet many people neglect the importance of 
diagnosing and treating these deformities for reasons like: 
the heavy fees for doctor's referral, not being able to spare 
some time for the amelioration process, living in a 
disadvantaged area and etc. The designed system can solve 
these problems by costing less than visiting a doctor, being 
accessible and having visual attraction that increases the 
user's interest in doing the amelioration process. 

  
3  Methodology

This research is in the form of a software, created using 
the Unity game engine which was proper for creating a 3D 
concept. The environment of this system is designed as a 
doctor's office to increase the interaction between the user 
and the program (Fig. 3).

Fig. 3: Experimental environment

Having this system in unity, one of the things we were 
able to do was creating a hypothetical skeleton of the user's 
body with 3D objects using the Kinect camera. The main 
feature of this camera which was the most practical for our 
purpose was the body tracking feature. When the user 
stands in a proper distance from the camera, it tracks the 
body of the user, the tracked body comes with some data 
that is also received from the user's body such as the 
coordination and the orientation of the 25 joints .

Fig 4: The drawn skeleton 

Having the coordination of the joints in three dimension 
(x, y and z) we were able to draw a skeleton of the user's 
body in 3D by having a rigged skeleton object and setting 
its joints' coordination to the coordination that was 
received from the user's body (Fig. 4).

Having the skeleton in 3D had medical purposes, for 
instance if the doctor or the user wants to examine the 
skeleton they can zoom in and examine it closely (Fig. 5).

Fig. 5: Zooming in the skeleton

3-1  Creating a Profile for the Patient
Before entering the program users will go through a 

profiling process in which some personal information will 
be received from them and will be held in a profile with a 
profile number that will be also provided for the users. As 
the profile is created an email will be send to the patient's 
doctor so that the doctor would have access to this data. The 
reason for sending this personal info to the doctor which 
includes the patient's name, height, weight and age, is that 
in some cases the doctor needs to be able to check if the 
deformity is caused because the patient is overweight or it's 
because of the patient's age or etc. After the final diagnosis 
the intensity of the user's deformity will also be send to the 
doctor via an email (Figs. 6-8). 

Fig. 6: Entering in the user's account

Fig. 7: Receiving the personal info  

Fig. 8: providing a profile number
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The amelioration process is divided into two parts: the 
diagnosis and the treatment. The diagnosis phase includes 
the diagnosis of three deformities: wry neck, asymmetric 
shoulders and genu verum. The diagnosis of these 
deformities is mostly based on the coordination of the 
joints received by the Kinect camera. Having the joints' 
coordination of the user's body we could do the diagnosis 
by comparing the position of the user's joints with the 
standard position they must have.

3-2  Diagnosis of the Asymmetric Shoulders 
In standard posture the shoulders are supposed to be in the 

same axis meaning that their variable y must be almost 
equal, as much as the subtraction of their y variable 
increases the intensity of the deformity also increases (Fig. 
9).  

Fig. 9:  As shown in the figure       is the determinative variable for 
the intensity of the asymmetric shoulders, as the        increasers the 

shoulders will be more in an asymmetric position 

Having     we could diagnose the deformity by comparing 
the given data from user's body and medical references in 
which the standard of these data is discussed.

3-3  Diagnosis of  Wry Neck
In Wry Neck the patient's neck is not in a straight line and 

the neck is bended toward his/her left or right shoulder. The 
method for diagnosing this deformity is to compare the  x 
variable of the head and the neck of the user's body 
(Fig.10).

Fig 10: As shown in the figure         is the demonstrative variable 
for the intensity of the wry neck, as         increases the neck is more 

bended towards the right or left shoulders
 

This deformity is also diagnosed by comparing the 
Kinect's data and the discussed data in the medical 
references.

3-4  Diagnosis of Genu Verum 
In this deformity when the patient is standing in a 

standard position (legs closed) the distance between the 
knees will be calculated using the x variable of left and 
right knees, based on this distance the deformity will be 
diagnosed by comparing this distance to standards 
available references (Fig. 11).

3-5  Drawing the Live Charts

  Using the methods declared above we were able to 
diagnose three deformities. To provide the user with this 
diagnosis, we showed the diagnosis done on each frame on 
a live chart. The data of these live charts that includes the 
intensities of these deformities, will be updated each frame. 
Each chart has four possible data, zero, one, two or three; 
and each number states an intensity except for number zero 
which will be discussed later. When one is shown it means 
that the deformity is not seen in the person's body, two 
means the deformity is clearly seen in the user's body, when 
the data of chart is three the deformity is highly intense in 
the user's body(Fig. 12). 

Fig. 11:  As shown in the figure          is the demonstrative variable 
for the intensity of the genu verum, as        increases the knees are 
more distanced from each other and the intensity of this deformity 

also increases.

Fig. 12 : The drawn live charts for the intensities of the user's 
deformities

3-6  The calibration process 
Two parameters will affect the results during the 

diagnosis process: the posture that the user is having and 
the distance that the user has from the camera. The user 
must stand in a normal posture in front of the camera, 
meaning the user's body must be held in an upright 
position, so if the user stands in a T-pose or has the arms 
crossed or legs open, we wouldn't be leaded to a valid 
diagnosis. Another parameter is the distance of the user 
from the computer, Kinect camera has an exact scope that if 
the user doesn't stand in it (getting to close to the camera), 
the skeleton of the body wouldn't be drawn accurately so 
there will be an error in our diagnosis too (Fig. 13).

Fig.13: The user is standing in an improper distance from the 
camera so an alter is shown, the skeleton is disabled and the 

intensity of the deformities are shown zero.
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Therefore, we added the calibration process. In this 
process when the user enters the diagnosis phase before 
doing the final diagnosis the posture and the position of the 
user will be checked to declare whether the user is in the 
proper distance and having a normal posture or not, if the 
user is standing too close to the camera or has an invalid 
posture he/she will get an alter for that and the data of the 
live charts will change to zero and the skeleton of the user 
wouldn't be drawn anymore until the user changes his/her 
posture (Fig. 14).

Fig. 14:  while the person is standing in an improper posture the 
same sequence of actions will happen but the distance of the user is 

prioritized from the posture of the person. 

3-7  The Marker-Based Method 
Kinect camera's body recognition is a marker-less 

process which is done using machine learning. Any device 
using this method can come with inaccuracies. Accuracy of 
Kinect V2 landmark movements was moderate to excellent 
and depended on movement dimension, landmark location 
and performed task. Signal to noise ratio provided 
information about Kinect V2 landmark stability and 
indicated larger noise behavior in feet and ankles [7]. These 
joints don't effect the diagnosis of the deformities except 
for genu valgum which is diagnosed using ankles' x   
variable. In this condition for the ankles' joints the 
suggested method was the marker-based method. In this 
method specific markers will be attached on the user's 
ankles and the coordination of these markers will be 
calculated using an image processing procedure. During 
the diagnosis of this deformity the coordination of the 
markers will be used instead of the coordination that are 
calculated by Kinect camera. As the accuracy of the 
marker-based method is way more than the marker-less 
method, this method was discussed for the solution to this 
problem.

4  Averaging Process
Another method that was used for increasing the accuracy 

of the system was the averaging method. Kinect camera 
receives about 30 frames per second depending on different 
parameters. Doing the final diagnosis based on the data of 
one frame wouldn't be accurate enough, so to have a valid 
diagnosis we averaged the data of the user's body (the 
coordination of the joints) in 90 frames and did the 
diagnosis based on the averaged data (Figs. 15-17).

Fig. 15: The final diagnosis that is based on the averaged data 

Fig. 16 :  If the user's posture gets out of the valid form during the 
averaging process an alter will pop on to check whether the user 

wants to save the data of the averaging  or wants to do the process 
all over again

Fig.17: as the final diagnosis finishes the intensities of the 
patient's  deformities will be saved in the user's profile.

5  The Treatment of Deformities
The treatment of these deformities are based on their 

diagnosis and they are usually in a form of an exercise. The 
treatment for each deformity is also defined in the medical 
references, the repetition and the timing of the exercise is 
based on the intensity of the deformity. The instruction for 
each exercise is given to the user in the beginning of the 
treatment phase. The motion capturing capability of Kinect 
device gave us the ability to control the user's movements 
and to clarify whether the user is doing the exercises 
correctly or not. Visual Gesture Builder is a software for 
defining a gesture or movement for Kinect camera. We 
used this software to teach Kinect these exercises as the 
correct movements that must be done by the user (Figs. 
18,19).  

Fig.18: as the user enters the treatment of the asymmetric 
shoulders an instruction for the exercises will be given to the user

Fig.19: The monitoring section of the treatment phase has two 
parts, in the first part if the user does the exercise correctly the 

statement will be true and in the second part the completeness of the 
exercise that varies between 0 to 100 will be in the range of 80-100
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6  The Raw Data Section 
This section is created for doctors and medical purposes. 

In this section the user can have access to the data that the 
diagnosis of the deformities were done using it; this data 
consists of the      of knees,      of shoulders, the angle of 
knees, the slope of the shoulders, markers' coordination 
and the       of head and neck joints. We provided this data, 
so that the doctor would be able to see the information of 
the user's body himself/herself for any medical purposes 
(Fig.20). 

Fig. 20:  The raw data panel will be opened as the user clicks on the 
receiving the raw data and the coordination of the markers are also 

shown on this panel

7  Results
 To measure the accuracy of the system it was examined 

on 90 adolescence in the age of 16 between 18 (the 
examination was done on this age range because the 
deformities are more common in these ages). The results 
are shown on the chart below (Fig. 21).

Fig.21: The results are compared in different deformities

The accuracy of wry neck was calculated 90 percent, for 
the asymmetric shoulders it was calculated 91 percent and 
the genu varum was about 86 percent; therefore, the 
validity of the system in average was about 89 percent.

8  Conclusions 
Combining Kinect camera's features with the marker-

based and averaging method gave us a system with the 
reliability for a medical diagnosis.  This system can be 
practical in places that the environment often leads to the 
cause of these deformities such as schools and workplaces, 
also this system can be used instead of a doctor in places 
like disadvantaged areas in which there is a lack of medical 
workforces; it also can be used in any places with large 
number of users such as clinics, alongside these, any 
person having access to this system can go through the 
amelioration process individually. In all of these 
conditions, this system is going to be used for several years 
instead of hiring a doctor each time which leads to a 
reduction in the costs, also this system may absorb the 
user's interest for doing the amelioration process because 
of the game-like atmosphere of the system.
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1  Introduction
In magnet science, scientists achieved an extreme 

progress. We have many famous laws and famous 
scientists in this science, such as: Faraday's law, Lenz law, 
Joseph Henry (inductance), Hans Christian Oersted 
(magnetic fields).

There are motors which work via magnets and magnetic 
fields; but all of them use an external energy to meet the 
needs of themselves such as electricity or fossil fuels.

In mechanism that I've investigated and worked on, we 
can make electricity current and kinetic energy via 
magnetic fields. Actually, if we inspire and optimize this 
theory's consequences; we can use them in many places. 

In this article, we analyze three phenomena as follows, 
which are caused and happened by magnetic fields:

a) to make electricity current by the means of magnetic 
field (Fig. 1)

 Fig.1: Current by magnetic field

b) making magnetic turbine by magnetic fields around the 
carrying current wire (Fig 2)

 Fig.2: Magnetic turbine by magnetic field

c) magnetic engine: moving a round metal by magnet and 
heat (by magnifier) (Fig. 3)

Fig. 3: Magnetic engine

2  Experimental Setup
In a mechanism that I've investigated and worked on, we 

can make electricity current and kinetic energy via 
magnetic fields(Fig. 4). The main theories are explained to 
find the real and relevant parameters in our magnetic 
engine and also some equipment  for our experimental 
setup such as:
- A conductive shaft (ferro alloy) 
- Wire staple
- A diode
- Magnet

Fig. 4: Experimental setup

Magnetic flux                   : it is the number of magnetic 
field lines passing through a surface (Fig. 5).

For increasing the flux, we can increase the A (area).
B = constant
S = increasing area
Bˊ= magnetic field that is made by the induced current

Magnetic Field 
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n this research we can make electricity current and kinetic energy via magnetic fields 

Iwhich actually can  be used in many places. Here three phenomena, which are caused 

and happened by magnetic fields are analyzed. 
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Fig. 5: Magnetic Flux

Faraday's law's details: if you want to make lots of EMF, 
then you have to find a way to change the flux near the 
conductor. Then more change the flux near the conductor, 
the more EMF you make (Eq. 1).

                                                                                     (1)

Lenz's law: As we know that the nature is against to the 
magnetic flux, by flux's changes, the induced EMF in the 
circle is opposite to the first EMF; because, the new 
magnetic field have to be made opposite to the first 
magnetic field (Eq. 2).

                                                                                     (2)

In this process;
For making the drift velocity in wire, we use magnet to 

make magnetic field.
We imagine that the magnetic field which is made by the 

magnets, is constant. Because of the magnetic flux in the 
wire; it makes magnetic field to prevent the magnetic flux. 
By increasing the area (A), magnetic flux increases too; 
and more magnetic flux, more EMF. By shaft's falling 
down (because of the gravity); induced current will be 
made in the circle; this current causes the diode's lightness 
(Fig.6) (Eq. 3,4,5).

                                                                                     (3)

                                                                                     (4)

                                                                                     (5)

Fig. 6: Induced current

2-1  Magnetic Turbine
As shown in Figure (7),  we have a main current inside 

wire                 and a vane which is on the main wire (1) and 
it has another wire (2) just under itself related to the main 

wire. 

Fig. 7: Magnetic Field due to the current inside the wire

We know that electrical current which flows in wire 
makes magnetic field and according to the right-hand rule, 
we have two opposite forces which cause the vane's 
turning. According to the magnetic field we have some 
options to increase the force                   :
- Increasing the (B) by increasing the  (I),  
- Increasing the length of the wire (L) and increasing the 
current (I) 

2-2  Curie Point Engine
The dipoles are aligned by external magnetic field. We 

define magnetic materials as small rings that an electron (e) 
rotates around it by the speed of (v) and angular 
acceleration (Eqs. 6-9).

                                                                                       (6)

                                                                                       (7)

                                                                                       (8)

                                                                                       
                                                                                       (9)

For different metals, we have specific temperature (curie 
point); in this temperature, ferromagnetic metals, lose their 
permanent magnetism and their atoms convert to magnetic 
polarization (Fig. 8).

Fig. 8: Curie Temperature

When the temperature of a ferromagnetic material arrives 
to its curie point,  they lose their magnetic basins and their 
dipoles will be free and unlimited and by getting the force 
which enters to them from the magnet, their magnetic 
polarizations will move and it causes the surface's moving 
(Fig. 9).

Fig. 9: Curie Point engine
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3  Conclusion & Results
a)We can use this theory (Induced Current) to make  

electricity current.
By slopes  we can save electricity such as the (U) which is 
used in amusement parks. People can play with them and at 
the same time the (U) makes electricity (Fig. 10).

Fig. 10: U makes electricity in amusement parks

b) In our cities, we have many cables and AC currents 
which can make magnetic turbines on them (Fig.11).

                                                                                      

Fig. 11: AC Currents and magnetic turbines

C) We found out that in this phenomenon, we can rotate 
something by bringing the temperature to the curie point. 
We can use magnifier instead of heaters and we don't need 
to use gas and fuels for doing this, we just need solar 
energy. And also we can use its turning for making 
electricity the same as turbines. And also we can use rewind 
around them and by moving the surface and rewind in 
magnetic field, we can make current and electricity (Fig. 
12).

Fig. 12: rotating something by bringing the temperature to the 
curie point
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1  Introduction
Coronaviruses that can infect animals and humans and 

cause respiratory distress; these discomforts may be as 
mild as a cold or as severe as pneumonia. In rare cases, 
animal coronaviruses infect humans and then spread 
between them. You may remember the SARS virus from 
2002 to 2003; The virus was an example of the corona 
virus, which was transmitted from animals to humans. 
Another important and newer breed of the virus is the 
coronavirus, which was discovered in the Middle East in 
2012 and, according to scientists, the virus was first 
transmitted from camels to humans, and the new virus, 
Covid 19 or SARS Covid 2, which is an acute respiratory 

syndrome. ، a new branch of coronavirus discovered in 
2019 in Wuhan, China. Pandemic is an epidemic that has 
spread to a large area, for example on several continents or 
around the world, but Pandemic not a widespread 
indigenous disease with a constant number of infected 
people. A pandemic occurs when a disease spreads to 
expectations around the world and people are not prepared 
for it. A pandemic is an epidemic that has spread to at least 
three WHO countries. An epidemic occurs when the 
number of cases of a disease, which of course can only be 
specific to a community or country, suddenly increases.

In this research we want to analyze some epidemiological 
data about controlling or strength of virus that our base 
virus is Covid-19 and some mutant covid-19 that again our 
base mutant virus is Delta Covid-19.

But a problem that researcher was thinking about it was 
how this virus transmit. According to the Centers for 
Disease Control and Prevention, person-to-person contact 
is thought to be the main route of transmission of the 
coronavirus. Suppose you are sitting in a meeting room 
with a person with a coronary infection and the patient 
suddenly sneezes or coughs. If the person does not cover 
their mouth and nose, they will be able to send breathing 
drops through your mouth or nose. In this case, the droplets 
that sit on you probably contain a virus. Or suppose you 
meet a person infected with the virus who has touched their 
nose and mouth with their hand. In this case, when you 
shake hands with this person, the viruses are transmitted 
from his hand to yours. In this situation, if you touch your 
nose or mouth with a dirty hand without rinsing, you may 

accidentally provide a point for the virus to enter your 
body. A recent small study suggests that the virus may also 
be present in faces and may contaminate toilet stones or 
baths. But more research is needed to prove this claim.

2  Tests to Diagnose Covid-19
We have several tests such as PCR and antibody tests to 

diagnose covid-19 .  
An infectious disease test can tell you if you are currently 

infected with Covid-19- causing coronavirus. This is the 
same test that will be done if you are referred by your 
doctor based on symptoms and other factors for the Covid-
19 test. In PCR the technician inserts a 15 cm cotton swab 
into either side of your nose and moves it for about 15 
seconds. This movement will not hurt, but it may cause 
discomfort. The swab is then sent to a lab to test materials 
inside your nose.

An antibody test can show if you have ever been exposed 
to or infected with the Covid-19 virus, and if your body has 
made an antibody in an attempt to defend itself. It takes at 
least twelve days after exposure to the virus for the body to 
make enough antibodies to detect in the test. Blood or 
antibody tests (serology) look for antibodies. Your body 
makes antibodies when you have an infection. Covid-19 
tests detect two types of antibodies:

- IgM, which the body builds for two weeks and then 
drops.

- IgG, which the body builds up more slowly (about 4 
weeks) but usually lasts longer.

Swabs or sputum samples can only show the presence of 
the virus in the body at present, but a blood test will show if 
you have ever been infected with the virus, even if you have 
no symptoms. This is important in finding the prevalence of 
Covid-19 by researchers.

Aside from antibody tests, researchers are studying 
antibody therapies for Covid-19. The drug targets how the 
virus attaches to and enters the cell.

3  Methods 
In this research we want to analyze epidemiological data 

such as age, gender, geographical spread and the most 
common symptoms of the disease.

3-1  Geographical spread 
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Many countries that have historically survived the 
widespread outbreak of infectious diseases had a younger 
population than others. According to scientific researches, 
young people are more likely to develop a mild form or 
without symptoms of infectious diseases. Young people are 
also less likely to develop underlying diseases that make 
Covid 19 worse.

The incidence of the new corona virus in Africa has been 
lower than in other continents. So far, only about 45,000 
cases of the virus have been reported in Africa. 60% of 
Africa's population is under 25 years old (Fig.1). In 
contrast, the Italian population, in which the new type of 
corona virus is widespread, is considered to be older. The 
Italian population, in which the new type of corona virus is 
widespread, is considered to be older. The average age of 
Italians is over 45 years. The outbreak of Covid 19 has so 
far killed nearly 29,000 people in Italy (Fig. 2).

On the other hand, the immune system of young people is 
stronger than the elderly. This helps them fight the new 
corona virus in their body.

Fig. 1: Confirmed Coronavirus cases in South Africa

                                                                                      

Fig. 2: The spread of Coronavirus in Italy

3-2  Cultural Factors
Specialists believe that cultural factors in some 

communities, including greater social distance, have 
helped them cope with the outbreak of the new 
coronavirus. Citizens in India and Thailand, for example, 
often greet each other by maintaining physical distance.

The use of masks during illness is also one of the effective 
cultural factors in preventing the spread of the new Corona 
virus. People in Japan and South Korea are accustomed to 
wearing masks when they are sick. However, the use of 
masks was not common in European countries before the 
outbreak of the new Corona virus. The continent of Europe 
has seen the highest mortality rate among the continents 
due to Covid 19 disease. Keeping the elderly at home 
instead of in a nursing home is another cultural factor 
influencing the spread of the new Corona virus. Countries 
with higher nursing home populations had higher mortality 
rates due to the outbreak of Covid 19 (Fig. 3).

3-3  Action of Governments Against the Spread of the 
Virus 

Countries whose governments responded quickly to the 
outbreak of Covid 19 with quarantine and social distancing 
were less likely to be harmed in practice than other 

countries. Vietnam and Greece are two countries that 
quickly adopted measures for social distance.
Of course, the speed of vaccine injection also helps to 
control the virus, and of course, the higher the speed of 
import or production of the vaccine, and of course the 
speed of injection, the lower the prevalence of the virus. Of 
course, there are different vaccines of different types with 
the required number of doses and, of course, different 
levels of effectiveness around the world, and we want to get 
information of this type.

Fig. 3 : Geographic  Distribution

There are different vaccines in the world with different 
effectiveness on covid-19 and mutant covid-19 .

1- Pfizer Vaccine
Vaccine type: RNA proteins
Product: America and Germany
Confirmations: FDA License - Emergency Use License
2-Moderna Vaccine
Vaccine type: RNA proteins
Product: America
Confirmations: FDA approved
Efficiency percentage: more than 90%
3. Strazenka Vaccine
Vaccine type: Genetically modified virus
Product: England
Confirmations: FDA approval
Efficiency percentage: 76%

3-4  Weather conditions 
Examining the areas where the new type of corona virus 

has become widespread, it can be cautiously concluded 
that the virus is less prevalent in hot and dry areas. Other 
types of coronavirus were less common in hot, dry areas in 
the past. The new corona virus spread late winter in 
countries with temperate climates such as the United States 
and Italy. In contrast, countries with tropical climates such 
as Chad and Guinea did not see the outbreak. However, 
scientists emphasize that it is not possible to rely solely on 
rising temperatures to deal with the corona. Brazil, for 
example, which has a tropical climate, is now the most 
important outbreak of Covid 19 in South America.

Scientists believe that the heat of summer, which leads to 
more people leaving their homes and indoor environments, 
may help reduce the transmission of the new corona virus. 
One of the effective factors in the spread of this virus is the 
long-term presence of people in closed environments with 
the infected person.

A study from a university in the US state of Connecticut 
shows that UV rays from direct sunlight can be effective in 
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in killing the new Corona virus. In this way, contact with 
surfaces exposed to direct sunlight is unlikely to transmit 
the virus.

3-5  Human Disease 
3-5-1 Underlying Disease (both in delta Covid and Covid-

19)
According to studies, the most common underlying 

diseases in people with Covid are 19 cardiovascular 
diseases and diabetes. In cases leading to death, the most 
common underlying diseases have been cardiovascular 
disease and diabetes.

A: Why are some people have a higher percentage of 
underlying diseases?

The results of a recent study show that high cholesterol, 
which most diabetics and heart patients suffer from, is 
associated with an increase in cell infection.

According to the Daily Mail, people with metabolic 
conditions such as diabetes and cardiovascular disease are 
more likely to have severe coronary heart disease. Chinese 
researchers are now investigating the cause in a recent 
study.

Most people with diabetes and cardiovascular disease 
have high cholesterol; For this reason, researchers at the 
Chinese Academy of Military Medical Sciences in this 
study examined the role of "good" cholesterol, known as 
high-density lipoprotein (HDL), in coronary heart disease.

In this study, the researchers specifically looked at the 
SR-B1 receptor, which binds to cholesterol molecules and 
is found in cells in the human body, including the lungs, 
which are targeted by the coronavirus.

The researchers found that SARS-CoV-2, which infects 
Covid-19, could not directly utilize the receptor, but could 
use the process of binding cholesterol to SR-B1 to 
penetrate cells.

The researchers found that SARS-CoV-2 uses cholesterol 
molecules in a taxi to penetrate cells to reach the cell 
surface; Then, when Covid-19 reaches the cell surface, its 
"spike" protein attaches to the ACE2 receptor and infects 
the cell. ACE2 is a receptor that allows the corona virus to 
enter human cells.

This study showed that the corona virus uses cholesterol 
molecules that bind to the SR-B1 receptor to enter the cell. 
The researchers then found that blocking the SR-B1 
receptor and neutralizing it could prevent the infection. 
Targeting the SR-B1 receptor could be a potential way to 
develop therapies for coronation in the future, they say.The 
results of this study show that SR-B1, the SARS-CoV-2 
cell binding procedure, facilitates the virus to enter cells 
and infect them. Thus, SR-B1 may be a potential 
therapeutic target for limiting SARS-CoV-2 infection (Fig. 
4).

Fig. 4: Death and Infection data
3-5-2   Age
Most death in Covid-19 was in 70 to 79 years old group 

and most infection in 50 to 59 years old and also in Delta 
covid infection is most in 1to14years and the most death in 
60 to 74 years old (Tables 1and 2).

Table 1: Covid-19 Death and Infection data

Table 2: Delta Covid Death and Infection data

3-5-3  Gender
Evidence suggests that although the incidence is the same 

between men and women, the mortality rate is higher 
among men than women. This may be due to differences in 
the immune responses of the two sexes or differences in 
different behavioural characteristics is gender.For 
example, the pattern and prevalence of smoking vary 
between the genders. But in general, differentiated data on 
gender are not enough.

But the findings that women are less likely to get sick or 
have a stronger immune system are not unique to Quid 19. 
In the case of other viral diseases, such as the flu or AIDS or 
hepatitis, it has been proven that women experience more 
severe episodes of the disease than men. What has been 
considered so far are some reasons

1- Excessive smoking by men compared to women
2- Differences in daily conditions and hygiene between 

men and women. More men in business and community 
than women

3- The role of two hormones, estrogen and testosterone
The female hormone estrogen is able to stimulate the 

immune system, while the male hormone testosterone is 
likely to do just the opposite.

Estrogens are a group of sex hormones that create and 
maintain female characteristics in the human body.

Testosterone is a hormone that is present in both women 
and men, but is found in smaller amounts in women and 
more in men (for example, hair growth in the body is one of 
the factors affected by the presence of testosterone in the 
body).

The question of what functions an extra X chromosome 
does in women (women have two X chromosomes and men 
have only one X chromosome that contains the female 
immune response) has long fascinated researchers. The 
answer to this question, according to many researchers, is 
that this chromosome is involved in the immune system.
* Stronger immune response in women, of course, has 
disadvantages, because women are more likely than men to 
develop autoimmune diseases such as arthritis, rheumatoid 
arthritis and lupus. In these diseases, the immune system 
attacks the body's own organs and tissues. 80% of people 
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have female autoimmune disease.

4  Cytokines and T Lymphocytes
What is a Cytokine?
When comparing male and female patients, the 

researchers found significant differences in the immune 
response in the early stages of infection. These differences 
included higher levels of different types of inflammatory 
proteins called cytokines in men.

Research has shown that severe cases of Covid-19 lead to 
a mysterious condition that disrupts the immune system; 
Instead of attacking only infected cells, the immune system 
attacks healthy cells as well. This condition is known as 
cytokine storm. Cytokines are used as part of the body's 
innate immune response. They are the first public 
counterattack to attack pathogens. However, in severe cases 
of Covid-19, the overproduction of cytokines, known as 
"cytokine storms,"   causes fluid to accumulate in the lungs, 
depriving the body of oxygen, and potentially causing 
shock, tissue damage, and lack of The proper functioning of 
different organs. Higher concentrations of cytokines earlier 
in men cause these symptoms to occur earlier. In contrast, 
scientists found that female T lymphocytes function more 
strongly than male T cells.

What is T lymphocyte?
It is a type of blood lymphocyte that is involved in the 

body's specific defences. T lymphocytes are initially made 
immaturely in the bone marrow. It then circulates to the 
thymus. There it is able to detect foreign factors, mature and 
return to the blood. Therefore, the site of bone T lymphocyte 
production and maturation is the thymus.

* The thymus is a gland in front of the trachea that is 
located behind the sternum.

T lymphocytes are responsible for cellular immunity. 
These cells have antigen receptors on their surface that are 
complemented by only one type of antigen. That is, they are 
able to specifically identify an antigen of cancer cells or 
virus-infected cells. When T lymphocytes are exposed to 
this cell, they multiply to form the following two types of 
cells:

1- Deadly T lymphocyte
After attaching to foreign target cells, these lymphocytes 

secrete a substance called perforin. Perforin is a protein that 
causes cavities in foreign cells when it comes in contact 
with them. As a result, lethal T lymphocytes can program to 
kill enzymes, enter the foreign cell, and eventually kill it.

2- Memory T cell
These cells are the body's immune memory. These T cells, 

like T lymphocytes, are sensitive to an antigen and play a 
role in the body's secondary immunity, meaning that when 
we are exposed to the same foreign cells for the second time, 
more deadly T lymphocytes and T cells are produced and 
the body produces more memory. Shows a faster immune 
response.

As a result, the poor response of T lymphocytes in men 
leads to worsening of the disease. Also, the lymphocyte T 
response in older men was significantly worse than in young 
male patients. 

Researchers have now suggested that the treatment 
developed for Covid-19 should be such that, even with 
these differences, it can treat patients. 

5  Results
According to the conducted researches in a determined 

period of time and a determined social community (during 
my research): 
 Infection : Men:57% , Women:43%

Death  : Men: 59%   , Women :41%    
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1  Introduction
1-1  Justification
Four Loko® is an energetic beverageconsumed by young 

people in parties and social events, it contains 12% alcohol, 
wormwood, furfural and taurine between others. This 
beverage has been banned in several countries for its 
secondary effects. The deputy María Mercado Sánchez 
requested Cofepris to realize toxicologic studies for this 
beverage since many young people have been hospitalized 
by drinking it, and even launched an inciative to withdraw 
it of the Mexican market. Students from the CUM made a 
research to determine the lethal dosis of Four Loko® in 
Drosophila melanogaster, yet the higher concentration 
which could be tested was of 40% because the alcohol 
levels of the beverage exceed the tolerance levels of the fly. 
The SMART test revealed around 11 mutations with mwh 
and flare3 markers (Ferral, et al, 2019, P: 3-5). For this 
reason we decided to continue with the Project, evaluating 
its genotoxicity in lymphatic human cells using the 
micronucleus (MN) technique employed by Castillo and 
Fujita in 2011, which allows to determine the damage in 
cellular DNA (Fig.1).

Fig. 1: Mutations in flies’ trichrome

1-2  Problem Statement
Many alcoholic beverages that are sold in convenience 

stores like Four Loko® don’t have preliminary toxicologic 
studies which confirm a secure intake, furthermore, they 
are sold unrestrictedly to minors which turns them into a 
health risk. This is the reason which lead us to raise the next 
project where we evaluate the genotoxic effect of Four 
Loko® in lymphatic cells by the determination of 
micronucleus (Fig. 2).

Fig 2: Four Loko Black

1-3  Hypothesis
If Four Loko® contains cutogenic and/or genetic 

substances, then we will observe in the lymphatic cell the 
presence of MN, if they are small then it will have 
clastogenic compounds and if they are big then it will have 
aneuploidogenic substances.

1-4  Research Purpose
- Evaluate the genotoxic and cytogenic effect of Four 

Loko® in lymphatic cells. 
- Observe the behavior of the lymphatic cell which were 

exposed to the different Four Loko® concentrations.

2  Theoretical Framework
Four Loko is mainly consumed by Young people between 

15 and 24 years old because of it easy access and 
unrestricted sale in 24 hours convenience stores. This 
sweet beverage has caused important reactions in the 
young people who drink it and some have even been 
emergency admitted to hospitals. In the section of 
“Nación” in the Mexican newspaper “El Universal” 
(07/17/2019) it says: Cofepris analyzed the content of this
beverage and as a result of their analysis in batches 
L19338354 and L1751338 it was detected the presence of 
furfural in quantities outside de Official Mexican Norm 
NOM-142-SSA1/SCFI-2014 Alcoholic Beverages.
Furfural is an ethanol metabolite which in high quantities 
can cause: headache, nausea, diarrhea, abdominal pain and
malaise in general, the preliminary results in reproductive 
studies and of feeding in mice and rats demonstrate the 
possibilities of birth and reproductive defects (Rivera, S. 
M. y Aguilera, R. J., 2000).
Micronucleus are spherical cytoplasmic corpuscles which 
are detected in the interphase, smaller and with the same 
characteristics of the cell nucleus; they are origintaed by 
the loss of chromosomic fragments or entire chromosomes 
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therefore in this project we evaluated the genotoxic effect of Four Loko® in lymphatic 
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be caused by clastogen agents such as radiation that breaks chromosomes and 

aneuplodogen agents which damage mitotic spindle such as vincristine. 
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suring the cellular division and they have value in the 
diagnosis of genotoxicity (Castillo, Guevara-Fujita y 
Fujita, 2011, P: 1) (Fig. 4).

Fig. 3: Micronucleus formation by the loss of an entire 
chromosome and chromosomic acrocentric fragments in mitotic 

anaphase. The scheme shows the blockade with cytochalasin-B and 
the resulting formation of binuclear cells

Micronucleus may be caused by clastogenic agents (such 
as radiation that breaks chromosomes) and by 
aneuploidogenic agents that damage the mitotic spindle 
such as vincristine. Micronuclei are known in the field of 
hematology as Howell-Jolly bodies and their shape is 
generally round or almond-shaped, with a diameter of 0.4 
to 1.6 microns. If the compound studied is a clastogen then 
a small micronuclei will be formed; however, if a large 
micronucleus is formed it will be an aneuploidogenic. 
(Zúñiga, G. G. & Gómez, M. B, 2006, P: 1- 3). The year 
1999 was crucial for the MN test since the technique was 
validated worldwide and considered as an effective 
biomarker of DNA damage. In order to validate the 
technique an international human micronucleus program 
(HUMN: Human Micro Nucleus Project) was created to 
collect the basal frequencies of MN obtained in different 
laboratories around the world.  (Zalacain,  M., 
Sierrasesúmaga, L. y Patiño , A., 2005, P: 3,4).

3   Methodological Process of the Project Development
The research took place from October 7, 2019 to March, 3 

2020 at the CUM’s laboratory. The independent variable 
was the concentration of a commercial beverage known in 
the market as Four Loko® and the dependent variable was 
the presence of micronucleus in lymphocytes.5 ml of 
peripheral blood were extracted from 3 healthy donors and 
between the ages of 15 and 18 years old(Fig . 4).

Fig. 4: Blood Extraction

0.5 ml of heparin were added to the blood sample and this 
was collocated in centrifuge tubes (Fig. 5).

Fig. 5: Tubes with Heparin

 The samples were centrifuged for 30 minutes at 3000 rpm 

to separate the components by density (Fig. 6). 

Fig. 6: Blood separation by density

The lymphocyte interface was separated and 5 ml of 
PBMAX (gibco) were added; then it was incubated at 37°C 
for 48 hours (Fig. 7).

Fig. 7: Addition of the culture medium

After 48 hours, 6 samples of Four Loko® black were 
formed and the concentration was added. In the first 
sample, 0.5 ml at 100%, in the second 0.5 ml at 80%, in the 
third 0.5 ml at 60%, in the fourth 0.5 ml at 40%, in the fifth 
0.5 ml at 20%, and finally, the sixth where as positive 
control, mitomycin C (MMC-Signma MO503) was used 
and, as negative control, ethyl alcohol at 12% was 
added(Fig. 8).

Fig. 8: Four Loko concentrations are added

After 24 hours, 2 drops of colchicine were attached and it 
was incubated at 37°C for another 24 hours. 96 hours later, 
all the tubes were centrifuged at 3000 rpm for 5 minutes. 
The overlying was decanted and one drop from the beaker 
was collocated on a clean glass slide doing a smear (two 
repetitions in each sample).

Fig. 9: Tubes ready for the final decantation. The lymphocytes 
buttons are observed

The samples were set for 5 minutes with an acetic acid 
solution and methanol 1:1. Then, they were dyed with 
giemsa colorant at 5% for 8 minutes and they were looked 
through with a microscope at 100X using immersion oil.

 

Fig. 10: Staining of samples
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IDN of binucleate cells was calculated, for genotoxicity 
the number of cells were divided with a micronucleus for 
concentration between the total cells quantified. For 
cytotoxicity the number of nuclei per multinucleated cells 
between the number of total cells.

4  Results

Fig. 11:Mononucleated cell,
alcohol with water

                                 (a)                                 (b)
   Fig. 12: a)Binucleated cell,  b)  Multinucleated cell,                     

100% concentration

Fig. 13: On the left, cell with cromatine and on the right,
binucleated cell with a 50% concentration

Table 1: Four Loko effect in human lymphocytes
     

Fig. 14: Genotoxic and cytogenic effect of Four Loko

5  Analysis and Discussion
Photographs of the experiment allow to appreciate 
different micronucleus; the smaller correspond to 
clastogens substances and the bigger to aneuploidogens. 
(Fig. 14) shows that the genotoxic and cytogenetic of Four 

Loko® effect is observed in lymphocytes. We confirm our 
hypothesis since the presence of micronucleus in 
lymphocytes reveals the damage that Four Loko® causes 
to cellular DNA In Table (1), IDN concentration in this 
beverage is very high; it is almost 50% of mitomicyn. This 
is a substance highly mutagenic. We would like to make a 
spectrophotometric of gases to verify the real content of the 
substances included in this beverage and analyzed them 
separately.

5-1  Future Research Lines
This project opens an important line of investigation 

concerning people’s health care. It is important that any 
food or product (medical or cosmetic) complies with the 
quality standards established by the norm to guarantee the 
safety of the consumers. Young population is considered a 
vulnerable group due to the tendency they have to follow 
"trending stuff" and "fashions" that could represent an 
irreparable damage to their reproductive and medical 
health since, nowadays, genotoxicty is being linked to 
some severe diseases such as cancer.

6  Conclusions  
In all tested concentrations it is shown that Four Loko® is 

a toxic substance that alters cell division causing the 
rupture of mitotic spindle or the fragmentation of 
chromosomes generating multinucleated cells . 
Lymphocytes exposed to the different concentrations of 
Four Loko® present MN in all of the concentrations, 
therefore it contains aneuploidogenic and clastogenic 
substances which cause DNA cellular alterations. Four 
Loko® is a genotoxic substance, the presence of 
micronucleus demonstrates it and the concentration of the 
beverage is related to them since the higher the 
concentration, the bigger the number of multinucleated 
cells. Therefore, we accept our hypothesis, and we propose 
to make similar studies for every Four Loko® component.

We recommend to take it out of the market until further 
research is conducted, and to put all of its ingredients on its 
nutritional label for the public.

7  Acronym List
Cofepris – Federal Comission for Protection Against 
Sanitary Risk
MN – Micronucleus
mwh – multiple wing hairs. Flies line with cellular marker 
of trichomes in wings
flr3 – phenotype resistent
ADN – Deoxyribonucleic Acid
HUMN – Human Micro Nucleus Proyect
CUM – Centro Universitario México
SMART – Somatic Recombination and Mutation Test
NOM – Mexican Official Norm
IDN – Nuclear Division Rate
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1  Introduction
At present, information and communication technologies 

(ICT) have allowed a new form of interaction in the 
teaching-learning processes. The rapid evolution of 
computers and the growing use of mobile devices is 
making both students and teachers use new media and 
resources to enhance and acquire knowledge and thus 
facilitate learning. 

One of the many tools that can be used in education to 
enhance knowledge is Augmented Reality (AR). AR is a 
technology that uses virtual objects (created by computer) 
for the user to perceive the real environment "augmented". 

For example, with AR applications, in geography the 
parts that make up a volcano can be shown to the student, 
how the DNA of human beings is made, some math 
problems can be exemplified. All of this by using 3D 
models that are more attractive, visual, and fun. 

The purpose of this project is to create an AR application 
that uses 3D models to enrich certain contents in 3 subjects 
of the secondary education curriculum: Geography, 
Science and Mathematics. 

1-1  Justification
This project has been designed with the aim of favoring 

the development of disciplinary competencies and active 
learning, facilitating secondary education students the 
appropriation of disciplinary knowledge and transfer it in 
subjects related to Mathematics, Science I and Geography. 

This will undoubtedly update the old didactic means of 
teaching science in which there are only images through 
sheets or, at best, with an explanatory video. 

On the other hand, both students and teachers will benefit, 
as long as they know the benefits of AR technology, such as 
the  use  of  three-dimensional  models  and the 
experimentation, as well as the generation of Learning 
Objects (LO) through the available tools, favoring the use 
of ICT and the development of future research on its impact 
on the teaching-learning process, and the design of 
strategies that can incorporate AR as a teaching resource. 

1-2  Problem Statement
Most of the academic material that serves as a 

complement to the teaching material in the classes is based 
on the use of text that incorporates images, video, 

animations, and sound. When using this type of resources, 
students become more interested, however, more visual 
and attractive media are needed so they allow them the 
ability to analyze, making them participate in a more 
collaborative and motivating environment. 

Therefore, it is necessary to gradually provide teachers 
with innovative AR resources that allow students to 
understand a concept, content, or procedure, based on the 
exploration of knowledge with the body, since AR helps the 
learning process of students among other reasons due to the 
high degree of interaction it provides. 

This form of teaching is the "learning by doing" 
approach, also known as active learning and "learning by 
playing", in this way it contributes to the achievement of 
the constructivist approach that allows the user to be able to 
modify, build, test ideas, and get actively involved in 
problem solving. 

In addition, the use of AR in the classroom, and 
specifically, the use of mobile devices, overcomes the 
limitation of time and space in learning environments.  

1-3  Objectives

�Choose topics from the Geography, Science I and 
Mathematics subjects where 3D models can be used to 
generate an AR application that works on mobile devices. 

� Find, download, and optimize 3D Aumentaty Creator 
models to use in the AR application. 

� Create simple 3D models using the Tinkercad tool to 
use them in the AR application. 

� Use the RA Aumentaty platform to develop the 
augmented reality application and view the content on a 
mobile device. 

2  Theoretical Framework
  2-1  What is Augmented Reality 

Augmented reality is the technology that complements 
the real environment with computer-generated 
information, in this way reality is combined with virtual 
elements, providing a mixed or augmented reality in real 
time. (Fig. 1). 
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For an application to be defined as an AR application, it 
must meet the following requirements: 
a) Combine virtual objects with the real world. 
b) Be interactive in real time. 
c) Present virtual objects in three dimensions. 

Fig. 1 :Textbook with augmented reality 

   2-2  Types of Augmented Reality 
  There are basically two types of AR, Augmented Reality 
based on markers or images and Augmented Reality based 
on position. 

   2-2-1  Augmented Reality Based on Markers or Images
  This type of Augmented Reality uses markers or images, 
in which some type of information (images, 3D objects, 
video) is superimposed when they are recognized by a 
certain software(Fig.2). 

Fig. 2: Augmented Reality based on markers 

   2-2-2   Augmented Reality Based on Position
  In this type of applications, Augmented Reality browsers 
are used, these applications use the hardware of 
smartphones (GPS, compass and accelerometer) to locate 
and superimpose a layer of information on points of 
interest (POI) in our environment. 

When the user moves the smartphone capturing the image 
of their surroundings, the navigator, based on a data map, 
shows the nearby POI. (Fig. 3). 

Fig. 3: Augmented Reality based on position 

   2– 3  How Augmented Reality Works
  In any augmented reality system, four fundamental tasks 
are necessary to carry out the augmentation process. 
1. Scene capture 

2. Scene identification 
3. Mixed reality and magnification 
4. Visualization. 
2.4 Uses of the Augmented Reality. 

  Due to its benefits, AR can be used in an infinity of areas 
and topics of interest such as: 
• Mobile marketing 
• Online searching 
• Tourism 
• Medicine 
• Architecture
• Interior design 
• Science 
• Education 
• Videogames 
Figure (4) shows an example of an AR application in video 
games. 

Fig. 4: Augmented Reality in videogames

 2-4   Augmented Reality in Education
The applicative possibilities of AR, with respect to the 

elaboration of didactic materials and learning activities, are 
multiple and heterogeneous in practically all subjects. It 
can provide learning experiences outside the classroom, 
more contextualized, displaying links between reality and 
the learning situation in which students participate. Any 
physical space can become a stimulating academic setting. 
For example, students of Archeology, History or 
Anthropology, could have applications that reconstruct 
exceptional historical sites (Fig. 5). 

Fig. 5: Augmented Reality in a history class 

2.5   Aumentaty 
Aumentaty is a free software that allows users to create 

augmented reality scenes, it is the ideal Augmented Reality 
content generation tool for those who do not know how to 
program, but it does not have an editor or creator of 3D 
models(Fig.6). 

Fig. 6: Environment of Aumentaty development 
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Aumentaty Creator is the desktop version of 
Augmentaty to create our augmented reality applications. 
It is currently only available for Windows. Once the project 
is created, the Scope application is needed on our mobile 
device to view the AR. To start using creator, follow these 
steps: 
1. Register at Increntaty.com 
2. Verify your email 
3. Click on new project and fill in your project information 
4. Add files to your project 
5. Choose what type of QR code to launch your file 
6. Add what type of AR element you want to carry that 
marker
7. Publish the project

Aumentaty Scope is the Aumentaty application that 
allows you to view all the AR projects that have been 
created with the Creator tool. To use it, simply access the 
Android store. Once downloaded, you can enter the app as 
a guest without registration or you can register. Within the 
application, you can search for the project in the section 
searches, or scan with the camera in search of the project. 

The application allows you to save the projects so that it is 
not necessary to search for them every time you want to 
view them, it also tells you if there is a new update to it and 
gives you the option to download the new version. 

3  Methodological Design
3-1 Construction of the Target Image

To make use of Aumentaty Creator it is necessary to 
register on its portal and verify the registration by means of 
an email that the app sends you. 

The next step is to download the software and install it, 
and then log in with your registration data (Fig.7). 

Fig. 7: Aumentaty Creator log in

Once logged in, we find on the left side a vertical menu 
with four options: profile, news, search, and projects. The 
latter is where the applications that can be made with this 
tool are built (Fig. 8). 

Fig.8: Aumentaty Creator log in

The process of creating projects in Aumentaty begins 

when you click on new project and enter a name and 
description(Fig. 9). 

Fig. 9: Aumentaty Creator new project 

Then the necessary files that the project will carry are 
added, they work by using different types of markers which 
can be: QR code type, image type or geolocation type 
(figure 10). For the three projects we carried out, files with 
image type makers were used. 

Fig. 10: Adding files to a project

The next step is to add elements to our scene which can 
be: 
Ÿ Image 
Ÿ Text 
Ÿ  Vídeo 
Ÿ  3D Models 
Ÿ  Link 

In the case of the math project, the scene consists of 4 
elements: one 3D model, two images, and one video (Fig. 
11). 

Fig. 11: "Cube" project elements of the mathematics subject 

The options on the right-side menu are used to place each 
element in the desired position, as well as to modify its 
dimensions. 

Once we have finished adding files and elements, we 
proceed to the publication of the project, for this we return 
to the main screen of the project and click on the publish 
button (Fig.12).

Fig.12: Publication of the finished project
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Figures (13) and (14) show the other two projects related 
to the subjects of Science and Geography, in each of them 
we incorporate elements such as the 3d model, videos and 
images. 

Fig. 13:  DNA Project for the science subject 

Fig. 14: Volcano project for the geography subject 

3-2  How to Use Tinkercad. 
This application is very good to make 3d models and 

animations. To start using it, you must first enter its website 
and then sign in with your Google or Apple account(Fig. 
15). Once logged in, on the left side there is a vertical menu 
with several options from which we will occupy three, 3d 
designs, circuits, and code blocks (Fig. 16). In the latter you 
can make 3d animations. 

Fig.15: Tinkercad log in 

Fig. 16: Tinkercad main page 

3-3  Creation of 3D Animations 
The procedure to make animations is when you click on 

Create new Code Block (Fig. 17). Immediately, you will 
find a box that gives you the option to choose a design or 
make a new design. For the animations of the "Cube" and 
"Rotation and Translation" projects, the option of "a new 
design" was used. 

Consequently, the animation is made with code blocks 
which are found on the left side (Fig.18), these give us tools 
to: 

• Form 

• Modify 
• Control 
• Mathematics 
• Data 
• Mark 

Fig. 17: Choosing 3D design

Fig. 18:Code blocks for the Cube animation

When our animation has already accomplished what we 
wanted to achieve, we will proceed to save it as a video and 
then use it in Aumentaty Creator. For this, you click on the 
share button which is in the upper right part. Next, a box 
will appear where you will click on Animated Gif, button at 
the bottom right (Fig. 19).

Fig. 19: Saving the Cube animation 

Later the gif will be downloaded automatically. 

3-4  How to Use Scope Aumentaty
This is a mobile application which helps us to visualize 

the figures in 3D, figure 20. To use it you must first 
download it, then open it, you can enter with your user or 
enter as a guest, then you will find the initial page where 
you will find the following: 
Ÿ  Marker 
Ÿ Browser 
Ÿ Searcher 
Ÿ Downloads 

Next, to visualize the Cube Project, we will open the 
search magnifying glass and then enter the name of the 
project, once found, you click on the image, then the 
project will appear and then at the bottom you click on 
download. (Fig. 21). 

Afterwards, you click on the open button, then on the 
lower left button that shows a camera in order to focus on 
the marker and observe the 3D figure, along with the 
images and videos (Fig. 22). 
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Fig. 20:   Aumentaty Scope log in 

Fig. 21: Searching and downloading the Cube project 

Fig.22: Verify Cube Project on AR 

4  Results
To verify the acceptance of the application, a survey of 9 

questions was applied using a Google form and the 
following results were obtained (Figs.23 -30). 

Fig. 23: Do you think that Augmented Reality is an innovating 
technology? 

Fig. 24: Do you consider that Augmented Reality can be applied 
in education? 

Fig. 25: In your opinion, Do you think that the project 
"Augmented Reality as a didactic tool in education" can help to 

enhance knowledge? 

Fig. 26: Which subject showed the best 3D models?   

Fig. 27: Did the videos in the application reproduce without 
problems? 

Fig. 28: Were the images in the Project legible? 

Fig. 29: Was it easy to download the Aumentaty Scope app to 
visualize the projects in Augmented Reality? 

Fig . 30: Which other subjects can use the Augmented Reality 
projects? 

5  Conclusions 
After the completion of this project, we were able to 

conclude that: 
- Augmented Reality is very useful and can be used as a 
pedagogical tool in basic education .
- Teaching materials are needed to promote active student 
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learning, and AR projects can help to achieve this. 
- The Aumentaty platform provides the possibility to create 
AR applications in a quick and easy way. 
- The people who tested the application we developed like 
it and there were comments and observations that will 
undoubtedly help to improve it in some respects and create 
future versions. 

5-1 Future Lines of Research
Based on the observations and recommendations that 

teachers and students shared with us, in future versions of 
the project it is proposed to use better designed and more 
detailed 3D models, for this we must use specialized tools 
for the creation of those models 

This also raises the possibility of using a development 
tool such as Unity 3D to develop mobile applications so as 
not to depend on an online platform. 
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1  Introduction
This problem tries to tell us how salt can melt ice and what 

are these factors can affect this phenomenon. It relates to 
our daily live, for example in winter when it snows, we 
need to know which materials are better in terms of various 
criteria such as the availability of material or the speed and 
strength of melting snow and ice. First, we have to know 
salt is a mineral composed primarily of sodium chloride 
(NaCl), a chemical compound belonging to the larger class 
of salts; salt in the form of a natural crystalline mineral is 
known as rock salt or halite. Also, there are different types 
of salts categorized into monovalent, bivalent and other 
categorized according to the periodic table. 

Colligative properties is the ratio of the number of solute 
particles to the number of solvent particles in a solution. 
These properties do not depend on the nature of the 
chemical species but the number of soluble particles affects 
the boiling point, freezing point, and vapor pressure. The 
higher the number of solute particles in a solution, the 
faster the dissolution. It is an important factor especially 
when we are comparing the salts based on their 
concentration. The next factor is the surface-to-volume 
ratio that checks the rate of one surface in which its volume 
helps us especially when we are comparing the speed of ice 
melting based on their size. In chemical reactions where a 
solid is in contact with a solution, the ratio of surface to 
volume is an important factor in reactivity. Consider a pot 
and a jug, the pot has a bigger surface than the jug. 
However, the volume of the pot is more than the jug. 
Therefore, if you fill both of them with water and return 
them simultaneously, you will see that the time for the jug 
to be empty will be shorter than the time needed for the pot. 
It means the surface-to-volume ratio of the jug is less than 
the surface-to-volume ratio of the pot (Fig.1). 

                                                                                 
                                                

              

Fig. 1:   Surface to volume ratio 

Therefore,  these rules can affect on our experiments. At 

first when the experiment starts, we can see temperature 
drops down for a time and then it is constant. The main 
factors are:

1- Concentration of salts 
2- Size and shape of the ices
3- Different types of the salts   
According to our experiments it is found NaCl is the most 

useful salt for melting the ice with smaller cubes (Fig. 2).

Fig. 2: Comparing two types of salt affecting on ice melting , KCl 
20% and CaCl2 20%  

2  Experiments and Methods
At first, it was observed that salt can melt ice in 2 forms when 

we sprinkle the salt on ice or dissolve it in water at room 
temperature. Then, some questions were asked and some 
hypotheses were assigned accordingly.

The first hypothesis was the rate and speed of the melting 
have a relationship with the size and shape of ices. Second 
hypothesis was the rate and speed of the melting have a 
relationship with the concentration of salts and the last one 
was the type of salts and other factors like room temperature or 
shape of containers that can affect this phenomenon. 

Different determined parameters included:
- Concentration of salts
- Shape, size, and color of containers
- Different types of salts
- Room temperature 
- Shape and size of ices 

First Experiment: , the distilled water had been put in 
two different ice molds and not just for once because the 
number of ices was a lot and put them in the freezer to make 
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ices. Then with a digital scale, the amount of salt was 
chosen ( 20% and 40% ). The ice molds were divided into 
crushed ice and ice cubes which was the variable parameter 
and the melting ice was measured in different times (Fig. 
3). 

Fig. 3:Temperature versus time in ice melting by sodium chloride 
20% 

0It's clear that starting point of each line is 0 C (because 
0the temperature of the water was 0 C and one of the fixed 

parameters) and also both of the lines have a minimum 
which is lower in the crushed ice .Then the temperature is 
getting higher and higher but in the part that shows in a 
chart with the red circle, the fluctuations  are low. This part 
is calling the latent heat. We have different latent heat, like 
latent heat of fusion, latent heat of vaporization, etc., 
however, the duration of the latent heat of the salts are the 
same. These experiments have been done with 20% and 
40% of sodium chloride for both crushed and ice cube with 
the same results (Fig. 4).

Fig.4:Temperature versus time in ice melting by sodium chloride 
40%

Also, these experiments were done with two types of salts 
which were Calcium chloride (CaCl2) (20% and 40%) in 
order to make sure that the results are the same for each 
type of salts and concentration (Fig. 5).

Fig. 5: Calcium chloride (20%) on ice melting.

Second Experiment: The second experiment is about 
salt concentration affecting on ice melting, requirements 
for doing these experiments were the same as the previous 
section only four types of salt are used (NaCl -KCL-MgCl2 
and CaCl2) . The results for 0/2/4/6 and 8 % of sodium 
chloride  in one diagram are compared with each other 
better (Fig.6). 

Fig.6: Sodium Chloride on ice with different concentration

  According to the  different concentrations of salt, the 
temperature gradient is different which is more in 8% 
sodium chloride salt compared to the other percentages. It 
is repeated again for other kinds of salt (Figs.7 a,b,c).

(a)

(b)

Fig.7: a)Potassium Chloride  and  b) Magnesium Chloride on ice 
with different concentration

Third Experiment: In this experiment, monovalent and  
bivalent salts (Fig. 8) at a same concentration are compared  
in ice melting. 

Fig. 8: Comparing between monovalent and bivalent salts in ice 
melting

In this case, according to the periodic table, monovalent 
salts are in one column & bivalent salts are in one column 
and according to the colligative properties the salts in one 
column in general form has the same structure and 
molecules so in this case, monovalent and bivalent salts are  
used together.

3   Discussion and Results 
In our experiments, when the size of ice gets smaller, it 

can melt earlier and faster. Because by increasing the size 
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 size of ices, the molecules of ice get more because they 
have more volume and they can have more overlap with 
water and hydrogen molecules,  therefore, they would melt 
faster.

0In all diagrams all lines start at 0.5 C & all had a negative 
gradient in temperature due to the heat energy from the 
overlap of ice molecules with salt, which generates heat 
and lowers the temperature. According to the different 
concentrations of salt, this gradient  is different, which  by  
increasing of salt concentration, it  becomes more severe. 
This gradient in 4% is twice more than 2% or 8% is four 
times more than 2% because of colligative properties. By 
increasing the concentration of salts, the time of latent heat 
decreases and then temperature increases. 

 According to these properties, the higher the number of 
particles in the ingredient, the more it reacts with other 
molecules. In this case, more concentrated salt would 
overlap and overheat faster which leads to produce energy 
and the ice melts faster and the latent heat lasts less. After 
latent heat, the slope of the sodium chloride diagram in 8% 
is higher because more heat is generated and therefore, the 
temperature rises more. 

In the monovalent section, sodium locates above 
potassium, and in each column in periodic table , the more 
we go down, the more will be metallic characteristic. 
Potassium has more metallic features than sodium due to 
its position so the temperature gradient of potassium is 
more than sodium and the latent heat of that is shorter too. 
But, according to this, the overlap of potassium salt with 
ice is more exothermic and releases more heat. Therefore, 
it would reach the exothermic point sooner and after that, it 
is less inclined to continue the reaction due to the 
production of stable ions. For this reason, sodium chloride 
can act more than potassium chloride.

The negative gradient temperature for magnesium is 
more than sodium , because magnesium is bivalent and 
sodium is monovalent. Therefore, the number of MgCl  2

atoms is higher than NaCl so it overlaps with more 
molecules of ice. 

Due to the higher number of particles, we consider the 
latent heat for magnesium runs out sooner but, the time of 
latent heat is the same too which of these two salts reaches a 

0temperature of C sooner? Sodium chloride. In 
Mendeleev's table, the more we move from left to right, the 
higher mass of the metal will be. After the latent heat, 
Magnesium salt which has the less metallic features does 
not tend to continue the overlap since more heat is 
generated and the time of latent heat for sodium makes less 
or the same as magnesium, and temperature increases for 
sodium to get more. Therefore, sodium is more effective in  
ice melting.

According to the table of solubility of salts in water (25 
0C)  in ambient temperature, for example,  NaCl dissolves 

0only 35.9 grams in 100 cc of 25 C water , but magnesium  
can be dissolved up to 52.9 g, which means that when we do 
this with 40% concentration of these salts, some of the 
NCL salt is precipitated and its molecules are not released 
so that they can overlap with the ice molecules. 

Due to the overlap of (water, hydrogen) molecules with 
ions and electrons of salt, ice melts by produced 
heat.Actually, the time and speed of ice melting belongs to 
the following factors :

o Ambient temperature
o Level of the ambient light
o The amount of solvent (cc) 
o Salt concentration
o ice material

o type of salt 
o shape and size of ices 
o the place and wheatear
o the type of water 
We concluded that although the size of ice gets smaller, 

the amount and speed of melting the ice increases. 
According to the colligative properties, when the number 
of Solvent molecules gets more, it can react with non-metal 
such as ice.

Type of salts can affect this phenomenon and with NaCl 
sodium chloride) we could melt more ice and also it is the 
most available salt in the world that we use in our daily 
lives. So according to the following order salts can be used  
on  ice melting as: NaCl>KCl>MgCl2>CaCl2 
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1  Introduction
Accidents experienced by motorcycle drivers on curvy 

roads are among the most frequently encountered news. 
The vast majority of these accidents occur when the rider 
loses control of the motorcycle while cornering as a result 
of excessive leaning while cornering. Based on these 
findings, it is aimed to develop a warning system that can 
prevent motorcycle accidents in corners and inform the 
user about the slope of the vehicle.

"Arduino" card and MPU6050 acceleration sensor were 
used in the warning system produced in the study. The 
MPU6050 acceleration sensor can measure the angle and 
thus gives the motorcycle user information about the angle 
of the engine with the ground momentarily. In case the 
engine leans 8, 16, 24, 32 or 40°, it warns the driver with 
changing lamp colors such as blue, yellow and red and 
increasing sound. In this way, the driver will be aware of 
the degree of incline while cornering, thanks to the colored 
signals and audible warning, and will be able to prevent a 
possible accident by taking immediate action according to 
the danger situation.

By developing the system, it is also aimed to produce a 
product that will notify the driver of whether the tipper is 
open or closed in dump trucks. In addition, it is aimed to 
find a solution to the overturning problem as a result of the 
work machines that we hear frequently when they reach a 
certain slope while working. 

2  Entrance to the Problem
Many traffic accidents occur every day in Turkey. 

According to the Turkish highway accident statistics 
published by TURKSTAT for the years 2009-2018, 
thousands of people lose their lives due to traffic accidents 
every year. The leading causes of these accidents are fast 
entering the bends, skidding on the bends, and tilting on the 
bends (www.kgm.gov.tr/).

The accidents caused by the engines in the corners are 
frequently mentioned in the newspapers and news. When 
the statistics of the motor accidents that occur, it is obvious 
that the motor accidents that occur in the corners should not 
be underestimated. According to 2018 data, approximately 
16% of the accidents in our country occur on bends (Table 
1). Curves are one of the most important issues and 
problems for highways. In terms of road safety, the 

geometric standards of the bends should be adjusted very 
well. It is very important to raise the awareness of the 
drivers in the bends that may create an accident hazard for 
the drivers to reduce the accident rates. Entering the bend at 
a high speed will cause the vehicles to skid on the bends 
(http://ogmmateryal.eba.gov.tr/). Drivers need to be aware 
of the incline of their engines and trucks while cornering 
and whether the grade of the incline is dangerous for them.

Table 1: Statistics of the motor accidents (2018) 

Figure (1) also shows the rate of the issues which cause 
motorcycle problems. It is seen that 38.2% of the 
motorcycle accidents are the result of over-shooting bends 
and not knowing the danger of the slope.

Fig.1: Motorcycle problems

When the measures taken to prevent these accidents were 
investigated, it was seen that some of the bends were 
inclined to support the rider in case of losing control, but 
this configuration was not a solution to prevent motorcycle 
accidents. We decided that ignoring this problem will allow 
the increase in accident and death rates. So that an 
effective, applicable, innovative, and cost-effective 
solution should be produced as soon as possible.

In addition, especially in recent years, many accidents 
have occurred because truck dumpers are often left open 
and these accidents have caused loss of life and property. 
There is no solution to prevent these accidents due to the 
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absent-mindedness of the driver. Similarly, no system can 
warn the construction equipment operators in case of 
danger of tipping due to excessive bending while working.
To prevent the user from losing control and causing an 
accident while the motorcycle is turning as it is leaning on 
the bend, a system has been developed to determine the 
inclination of the motorcycle and warns the rider with 
visual and auditory signals. While developing this system, 
the principles of rotational physics (Fig. 2) were taken into 
account (Giancoli, 2009).

Fig. 2: The force on the motorcycle in a rotational road

The produced light and audible warning system warns the 
rider of the slopes of the motorcycle to the right or left 
during the journey, and riders will be informed about the 
degree of inclination of their motorcycle and whether that 
slope is dangerous or not, with colored signals and an 
auditory warning system, thus taking immediate action in a 
dangerous situation, the rider can prevent an accident.

3  Material and Method
Firstly, motorcycle users were interviewed to determine 

the root cause of the accidents on curvy roads.
Motorcycle users mentioned that they tilted the engine 

while turning the corners and that the engine skidded 
because they did not know the slope.

Fig. 3: MPU6050 acceleration sensor and circuit

Based on this, the hypothesis that "the driver knows the 
slope of the engine while driving around the bend and the 
driver is warned in case the slope reaches dangerous points 
prevents possible accidents" was established. While 
developing a prototype, the MPU6050 acceleration sensor 
included in the "Arduino" coding kit was used (Fig. 3) In 
addition, 10 mushroom LEDs and 1 buzzer were used for 
the warning system. The codes, inspired by open-source 
codes and optimized for prototype circuits. 

4  Results and Discussion
The created circuit informs the right or left inclination of 

the motor. The first blue lamp lights up when the motor tilts 
8° to the right from the vertical axis. When tilted at 16°, two 
blue lamps are on.

When the engine is tilted at 24°, two blue and one yellow 
lamp are on. At the same time, the buzzer starts to beep 
intermittently. When the engine leans 32° to the right, two 
blue and two yellow lamps are on and the buzzer beeps 
intermittently. When the engine leans 40° to the right, two 
blue, twoyellow, and one red lamp are on. In addition, the 
buzzer beeps continuously when the red lamp is on.

As explained above, the light and sound warning system 

work effectively on slopes to the right, as well as on slopes 
to the left. Thus, a system was produced that informs the 
motor driver how many degrees the motor is tilted to the 
right or to the left (Fig. 4).

Fig. 4: The produced warning system and integrated system on a 
prototype

By establishing a similar system, the tipper clearance 
warning system for dump trucks and the rollover warning 
system of the construction equipment will be developed. In 
addition to the materials used in the system we have 
developed for the tipper and construction equipment, a 
screen will be added so that the user can see the angle of the 
tipper and construction equipment with the horizontal.

There is no other product produced to prevent or reduce 
the accidents caused by motorcycles on bends.

No system indicates whether the truck dumpers are open 
or not and informs the inclination of the construction 
equipment. A viable, innovative, and cost-effective 
solution has been developed that will prevent many fatal 
accidents and property damage. A system to be developed 
similarly will be integrated into trucks, and a possible 
accident will be prevented by measuring whether the tipper 
is open or not and warning the rider by measuring the angle 
of the tipper. With the same system, the tipping problem 
will be solved by informing the user of the slope of the 
work machine while it isoperating.
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1  Introduction
In today's world, a lot of �norgan�c fert�l�zer �s g�ven to the 

env�ronment to get more products from the un�t area to 
meet the nutr�t�onal needs.  However, the �ntroduct�on of 
chem�cal fert�l�zers has caused env�ronmental pollut�on 
and ser�ous health problems. Organ�c fert�l�zers used as a 
solut�on prov�de s�gn�ficant effic�ency �ncrease �n y�eld and 
qual�ty(Badr ve Fekry, 1998; Ar�sha ve ark., 2003).

Aquapon�c systems are an ecolog�cal system conduc�ve 
to susta�nable agr�culture. By reus�ng water �n the system, 
natural fish waste meets the fert�l�zer needs of plants and 
water consumpt�on �s m�n�m�zed. 2 P�lot akuapon�c 
systems were operated s�multaneously and �n parallel w�th 
each other, �nclud�ng control and exper�mental group. 
Dur�ng the process of our project, 3 d�fferent contents filter 
were prepared. Our a�m �s to �nvest�gate the effect of 3 
filters w�th d�fferent contents on water qual�ty and 
effic�ency �n the aquapon�c system.

Water qual�ty �s the sum of all phys�cal, chem�cal, 
b�olog�cal and aesthet�c propert�es that affect the benefic�al 
use of water.(Tepe ve Boyd, 2002). It �s �mportant to 
�dent�fy var�ous factors that change the qual�ty of water �n 
terms of aquaculture. F�sh are stressed when exposed to 
s�tuat�ons other than these values. Water qual�ty parameters 
followed dur�ng the project process temperature, pH, 
d�ssolved oxygen, total hardness and alkal�n�ty, sal�n�ty, 
conduct�v�ty, ox�dat�on ORP, TDS, TAN.

Akdogan (2014) reported that fish farm water �ncreases 
y�elds �n the aquaculture system. Güzel et al. (2014), �n a 
research project on the cult�vat�on of carp and lettuce �n the 
aquapon�c system; they stated that fish and lettuce can be 
grown together, water �s cleaned and reuse and prov�des 
better performance accord�ng to the system. Tyson (2007) 
stated that the appropr�ate pH range �s 7.5-8.0 �n h�s study 
on determ�n�ng the appropr�ate pH range �n b�olog�cal 
filtrat�on of ammon�a �n aquapon�c env�ronment. Trang and 
Br�x, (2012) exam�ned the funct�on of the b�ofilter placed 
�n the �ntegrated aquapon�c system w�th�n the system. 
Lorena et al. (2008) �n her study for the product�on of 
sturgeon and lettuce �n an aquapon�c system reported that 
throughout the ent�re study, water parameters rema�ned 
w�th�n opt�mal l�m�ts to ensure opt�mal growth. 

2  Methods

The tr�al assembly of our project was created �n August 
2021 �n G�resun Sc�ence H�gh School B�ology laboratory 
and ended on January 15, 2021. Made w�th 3 repeaters. 

F�g. 1: P�lot-1 and P�lot-2 aquapon�c systems

In the aquapon�c system; In the p�lot-2 group des�gnated 
as the exper�mental group, the effect of 3 b�ofilters on water 
qual�ty parameters and effic�ency was �nvest�gated �n 
d�fferent character�st�cs �n wh�ch wastewater from the fish 
tank was filtered. In our project, an aquapon�c system was 
created for the fish tank us�ng ko� fish (Cypr�nus 
rubrofuscus) and vegetable bed Cabbage (Brass�ca 
oleracea) plant. In the tr�al groups, a total of 30 p�eces 
we�gh�ng an average of 5-6 g were placed �n each fish tank 
(2 �n total, 1 control, 1 exper�mental group) (F�g.2).

Fig. 2: Ko� fish and Cabbage 

In our project, F�lled Env�ronment, Tank System was 
preferred from aquapon�c des�gns. The equ�pment used �n 
th�s system �s small and the result�ng product �s lower 
(F�g.3).

Fig. 3: F�lled Med�a Tank System 
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quapon�c systems are ecolog�cal systems su�table for susta�nable agr�culture. 

AW�th the reuse of water �n the system, the fert�l�zer needs of plants are met 

w�thnatural fish waste and water consumpt�on �s m�n�m�zed. In our project, a 

control and exper�ment group cons�st�ng of 2 p�lot aquapon�c systems cons�st�ng of a fish 

tank and a hydropon�c vegetable tank work�ng �n parallel has been establ�shed. In add�t�on, 

B�ofilters �s des�gned for the Exper�mental group. Ko� fish was used �n the fish tank and 

Kale was used �n the vegetable tank. Blue LEDs were used due to �nsuffic�ent sunl�ght.

Key words: Aquapon�cs, B�ofilter, Water qual�ty, Ko�, Black cabbage
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2- 1  F�sh Tanks and Vegetable Tanks
P�lot-1 control group (F�sh tank and vegetable tank) 

akuapon�c system was accepted, wh�le p�lot-2 system was 
determ�ned as Exper�mental group (F�sh tank, vegetable 
tank and B�ofilters) (Fig. 4) (Table 1).

Table 1: Group symbols and contents

F�g. 4. Our aquapon�c system

In the des�gn of the aquapon�c system, the rack system �s 
used �n the profile �ron structure (F�g. 5) 

F�g.5 : Metal Rack system

In our aquapon�c system, vegetable bed 1 and 2 were 
obta�ned by us�ng 50 l�ter volume PE can�sters 

3(60x35x25)cm  for vegetable grow�ng env�ronment (F�g. 
6). 

F�g. 6.:   Vegetable Tank des�gn

3For fish tanks, 2 50x20x30 cm  and 30L volume 
aquar�ums were used (F�g.7). 

F�g.7: Internal F�lter and F�sh tank 

Waste water �s sent to the b�ofilter w�th the aquar�um 
�nternal filter motor �n fish tanks (Fig. 8).

F�g.8: Hydrotone 

Styrofoam was used for the placement of v�olas (F�g.9).

F�g.9: Styrofoam

2-2   B�ofilter Des�gn
In add�t�on to F�gure(10) and Table (2), Sponge, F�ber, 

Act�vated Carbon, �nternal filter motor was used when 
prepar�ng b�ofilters. 

Table 2: Types and Contents of B�ofilters

   a-B�olog�cal F�lter Sponge and F�ber             b- Plast�c B�oball

             c- Ceram�c R�ng                          d- Act�vated Carbon and Zeol�te

e- �nternal filter and b�ofilters
F�g.10: External filter mater�als (a,b,c,d,e)

2-3  Operat�on of the Aquapon�c System
In our project, two s�multaneous and parallel p�lot 

akuapon�c systems were operated. In the P�lot-1 
aquapon�c system, the wastewater control group �s 
pumped �nto the vegetable tank w�th the help of an �nternal 
filter motor from the control group fish tank. In the P�lot-2 
aquaphon�c system, the exper�mental group fish tank 
waste water �s sent to the b�ofilter system des�gned w�th 
the help of the �nternal filter eng�ne and the filtered water 
�s transferred to the exper�mental group vegetable tank 
w�th the help of the b�ofilter motor and after be�ng used by 
Cabbage, �t �s transm�tted back to the fish tank w�th the 
p�pe system and the turnover �s ensured. 

2-4  Oxygen Requ�rement 
Oxygen in air motor and air stone are saturated in the  

fish tank and vegetable bed (Fig.11).

2-5  L�ght Source and Feed�ng of F�sh
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A blue str�p LED was used as the l�ght source. Da�ly feed 
was g�ven as 3% of the we�ght of the fish (F�g.12).

F�g.11: A�r motor and A�r Stone

F�g.12: Str�p Led and F�sh Food

2-6  Ardun�o System
W�th the Ardun�o system, pH, temperature and water 

level were measured da�ly. If the data from the sensors �s 
appropr�ate, the green LED w�ll l�ght up and alert �f not.
2.1.2. D�ssolved Oxygen, Saturat�on, ORP, TDS, E.C. and 
Sal�n�ty measurement. Orp, TDS, E.C. and Sal�n�ty were 
measured w�th The Hach brand measur�ng dev�ce w�th 
D�ssolved Oxygen, Saturat�on and YSI pro1030 
mult�parameter dev�ce (F�g.13). 

F�g.13:TU-1810 UV-VIS Spectrophotometer 

2-7  TAN Analys�s
TAN 1 and TAN 2 solut�ons were used to determ�ne total 

ammon�a n�trogen. 635 nm wavelength read�ng was 
made. TU-1810 UV-VIS model Spectrophotometer was 
used . 

2- 8  He�ght Track�ng �n a Vegetable Tank
A total of 40 cabbages were grown and he�ght 

measurements were made for 20 control and 20 
exper�mental groups �n vegetable tanks.

2-9  One-Way Var�ance Analys�s (ANOVA) 
It was made w�th ANOVA �n SPSS 22 program �n 

compar�son of plant s�zes.

3  Results
3-1  Temperature, D�ssolved O2 and Saturat�on
The find�ngs of p�lot-1 and p�lot-2 system are g�ven 

below.
Accord�ng to the results of 93 measurements, B�ofilters 

caused an �ncrease �n D�ssolved O2 and an �ncrease �n 
B�ofilter-1 and B�ofilter-2 D�ssolved O2 �n F�sh tanks 
(Table 3). The water temperature was found to be between 
16.18 and 16.28. It �s seen that there �s an �nverse rat�o 
between temperature and D�ssolved O2. Saturat�on P�lot-
2 gave the h�ghest result of F�lter-2 �n both vegetable tank 
and fish tank. Accord�ngly, accord�ng to the water 
pollut�on control regulat�on, the qual�ty of the water �s 1st 
class (Fig. 14-17). 

Table 3: D�ssolved O2 and Saturat�on

Fig. 14: A   Control Group Vegetable Tank  Tr�al Group Vegetable 
Tank

Fig. 15:B   Control Group F�sh Tank Tr�al Group F�sh Tank

Fig. 16: Dissolved O2
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Fig. 17: Saturation

3-2  Alkal�n�te, Hardness and pH
F�lter-3, P�lot-2 Wh�le �ncreas�ng alkal�n�te �n the 

vegetable tank and fish tank; F�lter-2 �ncreased hardness 
�n the Vegetable tank and F�sh tank (Table 4, F�g.18). The 
Alkal�n�ty and Hardness values of the b�ofilter output 
water samples are smaller than the values of the 
Exper�mental group Vegetable tanks from wh�ch th�s 
water �s poured. F�lter-3 has been shown to cause the pH 
values of the Vegetable tank and F�sh tank to decrease. 
Dur�ng F�lter-2, the p�lot-2 pH value was found to average 
7.84 and p�lot-1 pH averaged 7.79, but dur�ng F�lter-3, the 
p�lot-2 pH value was 7.65 and p�lot-1 pH averaged 7.60 
(F�gure 4.3). In the l�ght of these results, �t shows that the 
qual�ty of the water �s 1st class accord�ng to the water 
pollut�on control regulat�on. 

Table 4: Alkal�n�ty and Hardness

Fig. 18: Alkal�n�te and hardness results

Fig. 19: pH results

3-3  TAN
B�ofilter-2, control group vegetable tank TAN value was 

found to be 30.6% lower than Control Group F�sh Tank 
and reduced vegetable tank TAN value. B�ofilter-2 
reduced the exper�mental group F�sh Tank TAN from 
0.121 mgL-1 to 0.115 mgL-1, but the Vegetable tank TAN 
�ncreased to 0.153 mgL-1. In the b�ofilter-3 process, the 
Control Group Vegetable tank TAN value �s 91.2% lower 
than the Control Group F�sh Tank and the vegetable tank 
decreases the TAN value. B�ofilter-2 Exper�mental group 
F�sh Tank �ncreased the value from 0.188 mgL-1 to 0.193 
mgL-1 and the Vegetable tank reduced the TAN value by 
38.03% to 0.140 mgL-1 (Table 5 and F�g. 20). 

Table 5: Alkal�n�te and Hardness results

F�g. 20: F�lter 2 and F�lter 3 

3-4 TAN result Electr�cal conduct�v�ty (E.C.), 
TDS, ORP and Sal�n�ty (Table 5).

Table 5: E.C.  Results 
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 E.C., TDS, ORP values are h�ghest �n b�ofilter-3 and 
lowest result �s seen �n B�ofilter-1. Sal�n�ty values were 
not changed �n all amb�ent cond�t�ons and were 0.3. In 
l�ght of these results, the qual�ty of water accord�ng to the 
water pollut�on control regulat�on �s 1st class (Table 5).

  
3-5  Cabbage S�ze Measurements
Control and exper�mental groups :There were 5 seedl�ng 

losses �n 7 exper�mental groups �n the Control group of 20 
cabbage seedl�ngs preferred �n the Vegetable tank. head of 
Project  and end-of-project s�ze measurements for each of 
the 28 seedl�ngs are seen �n Table (6). 

Table 6:  Cabbage S�ze Measurement results

4  Discussions
In our project, �n the Aquapon�c system conta�n�ng Ko� 

fish and cabbage plant; In the p�lot-2 group, the effect of 3 
b�ofilters on water qual�ty parameters and effic�ency was 
�nvest�gated �n d�fferent character�st�cs �n wh�ch 
wastewater from the fish tank was filtered. P�lot-1 
aquapon�c system Wh�le the control group (fish tank and 
vegetable tank), P�lot-2 aquapon�c system Exper�mental 
group (fish tank, vegetable tank and B�ofilter) was 
accepted. When the temperature results were evaluated, 
the �deal water temperature values for Ko� fish �n 
aquapon�c systems were 15-20 degrees and a total of 93 
measurements were made dur�ng our project and the water 
temperature was determ�ned to be between 16.18 and 
16.28. Unsu�table water temperature cond�t�ons regrow 
the growth of fish, larvae can not get feed or feed. 
D�ssolved oxygen �s one of the �mportant parameters for 
aquapon�c systems. In the measurements, �t was seen that 
vent�lat�on was suffic�ent. P�lot-2 All B�ofilters �n 
vegetable tanks led to an �ncrease �n D�ssolved O2 and an 
�ncrease �n B�ofilter-1 and B�ofilter-2 D�ssolved O2 �n 
F�sh tanks. Accord�ng to the saturat�on results, P�lot-2 
gave the h�ghest result of F�lter-2 �n both vegetable tanks 
and fish tanks. In the l�ght of these results, �t shows that the 
qual�ty of the water �s 1st class accord�ng to the water 
pollut�on control regulat�on.

The appropr�ate pH range for plants and fish �n 
aquapon�c systems �s 7-8. In the P�lot-2 Aquapon�c 
system, F�lter-3 �ncreases alkal�n�te, wh�le F�lter-2 
�ncreases hardness. When look�ng at the pH results, �t �s 
seen that F�lter-3 causes the pH to decrease. Dur�ng F�lter-
2 for P�lot-1 and P�lot-2, the pH value was 7.84 and 7.79, 
respect�vely, but F�lter-3 was 7.65 and 7.60. Accord�ng to 
the measurements made, the pH range �n the system �s 

su�table. When we look at the stud�es �n the l�terature, the 
pH value of an aquat�c env�ronment should not endanger 
l�v�ng l�fe and should not exceed the l�m�t value of 6.5-8.5 
�n order for th�s water source to be used for fish farm�ng 
purposes (Kara and Potteryoglu, 2004). Pass�ng water 
through act�vated carbon filters reduces pH and hardness.  
The total alkal�n�te des�red �n the aquaculture 
env�ronment �s between 20-300 mg/L as CaCO3. Low 
alkal�ne waters w�th a total alkal�n�te of less than 20 mg/L 
and h�gh alkal�ne waters of more than 300 mg/L are not 
conduct�ve. Alkal�n�te; plays a role �n �ncreas�ng the effect 
of tox�c substances �n terms of aquaculture (Göksu, 2003). 
From th�s po�nt of v�ew, alkal�n�te and hardness values 
were appropr�ate for fish l�fe (Boyd, 1990). l�terature.

Total ammon�a n�trogen (TAN) �s the sum of �on�zed 
ammon�um w�th non-�on�zed ammon�a found �n water. 
When tan results were evaluated, �n the b�ofilter-2 
process, on average, the Control Group reduced the value 
of vegetable bed TAN from 0.136 to 0.104, desp�te fall�ng 
from 0.121 to 0.153. However, dur�ng b�ofilter-3, �t 
decreased from 0.188 to 0.140. In l�ght of these results, �t 
shows that the n�tror�ficat�on process was more successful 
�n the B�ofilter-3 (Ceram�c R�ng and Zeol�te) process. In 
add�t�on, the lack of oxygen �n the B�ofilter-3 process 
compared to B�ofilter-3 �nd�cates that d�ssolved oxygen �s 
used by m�croorgan�sms �n the n�tror�ficat�on process. 
P�lot-1 The decrease of the average of the fish tank TAN 
by 30.5% �n the B�ofilter-2 process and by 91.2% �n the 
B�ofilter-3 process �nd�cates that there �s a cost-free 
removal by Cabbage �n the aquapon�c system. P�lot-2 F�sh 
tank TAN average decreases by 33.92% �n b�ofilter-3 
process �nd�cates a cost-free removal by Cabbage �n 
aquapon�c system.

Electr�cal conduct�v�ty �s an �mportant parameter �n 
stud�es related to water qual�ty. In the P�lot-1 aquapon�c 
system, the average electr�cal conduct�v�ty values were 
519.5 mS/cm �n the Vegetable Bed and 496.7 �n the fish 
tank. In the P�lot-2 aquapon�c system, the values of 
B�ofiltre1, B�ofiltre2, B�ofiltre3 were 489 mS/cm, 549 
mS/cm, 584 mS/cm and 490.5 mS/cm, 550.1 mS/cm, 
583.8 mS/cm, respect�vely, �n the F�sh Tank. B�ofilter3 
conta�n�ng Ceram�c R�ng and Zeol�te gave the best result 
w�th an average of 583.8 mS/cm. It �s reported that there 
are no fish shelter �n waters w�th an electr�cal conduct�v�ty 
value exceed�ng 1000 μS/cm at 25°C, and the 
conduct�v�ty of the water to be grown should be �n the 
range of approx�mately 12.50-1800 μS/cm (Göksu2003).

 In the p�lot-1 aquapon�c system, the mean TDS values 
were 407.3 mg/L �n the Vegetable Bed and 388.5 mg/L �n 
the fish tank. TDS values of P�lot-2 aquapon�c system 
B�ofi l t r e1 ,  B �ofi l t r e2 ,  B �ofi l t r e3  were  377 .5 
mg/L,422.4mg/L, 463.6 mg/L and 378 mg/L, 426 mg/L, 
463.3 mg/L for vegetable bed, respect�vely for F�sh Tank. 
B�ofilter3 conta�n�ng Ceram�c R�ng and Zeol�te gave the 
best result w�th an average of 463 mS/cm. The h�ghest 
results of E.C., TDS, ORP values are seen �n B�ofilter-3  
and lowest results are �n B�ofilter-1Sal�n�ty values were 
not changed �n all amb�ent cond�t�ons and were 0.3. It has 
an �nverse relat�onsh�p between sal�n�ty concentrat�on of 
water and oxygen solub�l�ty, and as sal�n�ty �ncreases, the 
amount of d�ssolved oxygen decreases (Tepe and Mutlu, 
2004). In the l�ght of these results, �t shows that the qual�ty 
of the water �s 1st class accord�ng to the water pollut�on 
control regulat�on.

Accord�ng to the results of cabbage s�ze measurement of 
28 seedl�ngs �n vegetable tanks, p�lot-1 vegetable tanks 
(control group) averaged 14.07 cm �n �n�t�al he�ght and 
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harvest s�ze average was 15.07 cm; P�lot-2 Vegetable 
tanks (Exper�mental group) was found to have an average 
�n�t�al he�ght of 14.2 cm and a harvest s�ze average of 16.2 
cm. In the aquapon�c system where b�ofilter �s appl�ed, 
cabbage lengthen�ng �s thought to be greater, but �n the 
absence of suffic�ent elongat�on, amb�ent temperature and 
lack of sunl�ght due to w�nter season negat�vely affect. As 
a result of the one-way var�ance analys�s, no s�gn�ficant 
d�fference was found between stat�ons stat�st�cally 
(p<0.05).

Our project tyson (2007) stated that the appropr�ate pH 
range �n b�olog�cal filtrat�on of ammon�a �n a aquapon�c 
env�ronment �s 7.5-8.0, Trang and Br�x, (2012) exam�ned 
the funct�on of the b�ofilter placed �n the �ntegrated aqua 
aquapon�c system, Lorena et al. (2008) reported that water 
parameters rema�ned w�th�n opt�mal l�m�ts to ensure 
opt�mal growth throughout the aquapon�c system study, 
and Graber and Junge (2009) reported that aquaculture 
waste �t supports �ts work, wh�ch shows that �t can be used 
�n ebze cult�vat�on, and the study of Güzel et al. (2014), 
wh�ch the aquapon�c system states allows water to be 
cleaned and reused.
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1  Introduction
The main purpose of today's education is; It should be to 

raise people who can ask questions, say no, take critical 
decisions, use initiative, have sufficient communication 
skills, cope with new environments and establish new 
relationships. Today's individuals are not "knowledge 
memorized" individuals who grew up in the traditional 
school; must be "learning individuals"(Okutan, 2004). 

Today, science education focuses on improving the 
science literacy of individuals. A successful science 
education aims to provide individuals with the knowledge 
and skills they will need in their daily lives (Anderson, 
2010). Since science literate individuals have the skills to 
access and use the information they need to solve the 
problems they encounter, they have more advanced 
problem-solving skills (Kaptan, 1998). 

Biology is very difficult to teach and learn because it 
includes complex relationships between foreign and 
abstract concepts. In biology teaching, both educational 
situations and the abstract and complex nature of biology 
concepts cause students to have difficulty in understanding 
some subjects and to learn by memorizing without 
understanding (Kılıç ve Sağlam, 2004). In order to solve 
this problem, the use of educational technologies in 
biology lessons is extremely important. Well-prepared 
pictures, three-dimensional models, animated animations, 
interactive environments, etc. It makes it easier to 
understand the targeted information (Çömlekçioğlu ve 
Bayraktaroğlu, 2001). 

In order to convey learning and teaching in a real sense, 
technology has a great importance as well as the use of 
tools and equipment in biology education. Tools in the 
learning-teaching process are generally used to support 
teaching, well-prepared tools enrich the teaching process. 
It is known that meaningful learning occurs when the 
concepts are modeled or visualized as much as possible, 
and even when videos explaining the related concept are 
used in the science lesson (Coştu, Beler, Coştu, 2017). 

Recent studies in the cognitive field show that students 
learn better when their minds are actively engaged in 
research, moving from (traditional) teaching and learning 
to exploratory learning (Harris et al, 2001). 

The lack of importance given to laboratory activities in 
schools and the difficulties in preparing materials related to 

11th grade human physiology make it difficult to teach 
concepts. Therefore, it is important to prepare and use the 
material of the nephron model, which is the basic part in 
understanding the excretory system. 

The aim of our project; To prepare visual materials that 
will facilitate students' understanding of the structure and 
function of the Nephron, which is one of the subjects of the 
excretory system, in the 11th grade Biology course of 
secondary education. 

1-1  Constructivist Approach in Education 
The reorganization of the curricula according to the 

constructivist approach in the Turkish Education System 
can be described as the biggest change. Curriculums are 
based on student-centered and active participation 
teaching activities rather than teacher-centered teaching 
(Arslan ve Özpınar, 2009; Peker ve Halat, 2008). However, 
in studies on new curriculums in Turkey, teachers' opinions 
are frequently encountered regarding "significant 
disruptions in the implementation of the curriculum due to 
the lack of structures, tools, materials and materials" 
(Akça, 2007, Peker ve Halat, 2008, Şahin, 2010). 

Constructivism is based on the understanding that 
learning is a process that takes place in the mind of the 
individual. For this reason, information cannot be stored by 
transferring it to the human mind, and the human mind is 
not an empty place where all information is stored (Yaşar, 
1998, s.69).Therefore, constructivism is the meaning that 
an individual produces in his mind as a result of perceiving, 
processing, evaluating and reasoning about the events in 
the outside world (Ersoy, 2003). Constructivism is 
concerned with solving problems that best fit real-life 
situations. This theory requires students to make choices 
about what and how to learn. Students learn by working 
collaboratively in groups and achieve success by trying 
solutions to problems and developing a presentation, not 
just as the teacher conveys (Kaptan ve Korkmaz, 2000). 

The main feature of constructivist theory lies in defining 
the role of students. In this process, the student actively 
constructs his/her ideas and perceptions, instead of 
passively receiving them from other sources or teachers. 
Structuring means that the learner uses their thoughts and 
perceptions shaped by their previous experiences to 
associate and expand their new experiences. This can be 
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associate and expand their new experiences. This can be 
achieved through mental activities or sometimes through 
physical activities, that is, by doing and living (Harlen, 
2000). 

1-2  Material Development and Model Teaching Method 
With the developing and changing conditions, educators 

and those who need other presentation technologies can 
easily find the teaching tools and materials they need in the 
market. However, these can sometimes be difficult, time-
consuming and expensive to achieve. In these cases, 
teachers can prepare some of the tools and materials they 
need themselves, or they can have students prepare by 
guiding them (Şahin Yanpar-Yıldırım, 1999; İşman,   
2008).What makes the use of materials in education so 
valuable is the linear relationship between learning and 
sense organs. Students learn 83% of their learning by sight, 
11% by hearing, 3.5% by smell, 1.5% by touch and 1% by 
taste. In addition, people remember 10% of what they read, 
20% of what they hear, 30% of what they see, 50% of what 
they see and hear, 70% of what they say and 90% of what 
they do and say (Ergin, 1995; Kılıç, 1997). The effect of 
seeing and hearing on learning at this rate makes the design 
of visual materials extremely important. 

Model Teaching Method; It is a teaching method applied 
with the help of examples of real objects made of the same 
or other material, and objects brought to the classroom 
from their natural environment. Models can be larger or 
smaller than the original object, or they can be exactly the 
same size and structure as the real object they replace 
(Çilenti, 1985). 

Models are recognizable imitations of the real object. It 
may or may not be in working condition like the real object. 
However, the original is similar in everything except size. 
In addition, there are models that are visible inside or very 
simplified ones that are free of all details (Okan, 1993). 

Concept education is basically providing the formation of 
cognitive schemas of the concepts to be learned and the 
winners by the students. It aims for students to acquire 
concepts from abstract to concrete, from complex to 
simple, according to their accessibility or descriptive order 
(Baba & Öksüz, 2015). Concept training is done with 
methods and techniques to reach a concept in the easiest 
and most meaningful way. Especially in the field of 
science, it is important for students to acquire concepts that 
are difficult to reach, dangerous, inaccessible even though 
they are abstract or concrete, both visually, audibly and 
descriptively by using models in the classroom 
environment and by making use of today's technology 
(Gülen, 2018; Tömen, Akdeniz, Odabaşı Çimer ve Gürbüz, 
2013). 

1-3  Filtration Unit "NEFRON" in Kidney 
When the microscopic structure of the kidney is 

examined, structures called nephron are seen. The most 
important structural-functional unit of the kidney is the 
"filtration unit. The nephron, located in the shell region of 
the kidney, forms the core region of the kidney (Fig.1). 

Fig. 1: Parts of the Nephron 

The Malpighi body is the end or beginning of the 
nephron, the Bowman's capsule. The transmitting artery 
entering the Bowman's capsule divides into capillaries that 
form the glomerulus tuft. These capillaries join and exit the 
Bowman's capsule as the efferent artery. This ascending 
artery divides into renal capillaries, surrounds the nephron 
canals, and then joins together to connect to the renal vein. 
The nephron canal consists of three parts: Proximal tube, 
loop of Henle and Distal tube. In addition, urine collection 
channels open into the pool. 

1-4  Renal Vessels 
The renal artery enters the kidney from the pit and divides 

into thinner branches. Dirty in terms of O2 rich residue; 
however, metabolic waste products, except CO2, are 
abundant in his blood (Urea, NH3, uric acid and other 
chemicals to be excreted). Renal vein is clean in terms of 
CO2-rich residue. 

I. Glomerulus capillary system (First capillary cyst): The 
branches entering the kidney are divided into thinner 
branches in the core and shell region and form the 
glomerulus capillaries. 

II.Efferent Artery:Carries blood from the glomerulusto 
the 2nd blood system. 

III. Second capillary system: The efferent artery 
emerging from the glomerulus divides into renal 
capillaries and forms the "second capillary system" that 
surrounds the nephron canals. 

IV. Renal vein: These capillaries separate from the 
nephron canals and form the renal vein. 

2  Materials and Methods 
In our project, we designed a teaching material in order to 

make the structure and function of the Nephron, which 
performs the filtering-reabsorption-secreting function in 
the kidney, which is one of the subjects of the 11th grade 
b io logy  course ,  excre tory  sys tem uni t ,  more  
understandable. 

Material development method was used in the study. This 
method is used in educational materials developed based 
on the sensory, cognitive and psycho-motor characteristics 
of the student (Karamustafaoğlu, 2006). 

Our project was carried out in the biology laboratory of 
our school. The construction stages of our project are as 
follows. 

2-1  Ground Preparation of the Nephron Model 
An upright floor was obtained by using 80 cm long and 50 

cm wide chipboard and Styrofoam of the Nephron model 
(Figs. 2 and 3) .

Fig. 2: a)hardboard b)PVC pipe c)styrofoam 

Fig. 3: final state 
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2-2  Nephron Model and Placement with PVC Pipe 
The Nephron Model was designed using a PVC pipe with 

a diameter of 2 cm and a length of 155 cm used for water 
installation (Figs 4 and 5). 

Fig. 4: Glomerulus design stage 

Fig. 5: Preparation of PVC pipe in appropriate dimensions 

2-3 Placement of Blood Vessels Around the Nephron 
Model 

For the blood vessel display in the nephron model, a 1 cm 
diameter and 220 cm long transparent tube shown in figure 
3.5 was preferred. The transparent pipe was fixed to the 
Styrofoam floor with copper wires (Fig. 6). 

Fig. 6: Fixing the transparent tube for blood vessels to the model 

2-4  Ensuring Blood Flow in the Transparent Tube 
In order to ensure the movement of blood in the 

transparent tube, the aquarium in a container filled with red 
acrylic paint placed at the back of the nephron model was 
moved with the help of an internal filter motor. The 
functions of the parts of the nephron, which are shown 
blood flow, are pasted on the Styrofoam as notes (Fig. 7). 

Fig. 7: Ensuring Blood Flow in the Transparent Tube 

2- 5  Representation of Absorption Percolation Zone in 
the Nephron Canal 

A glass sugar bowl was used for the Malpighi body 
filtration Bowman capsule. Glomerulus is shown with a 
transparent tube filled with red acrylic paint. One-way 
filtration occurs from the glomerulus capillaries to the 
Bowman capsule (Fig. 8). 

Fig. 8: Malpighi body 

3  Conclusions
In order to symbolize the absorption of water, glucose, 

amino acids, vitamins, ions and urea absorbed from the 
filtrate in the proximal tube, a transparent tube filled with 
yellow acrylic paint was preferred. In addition, the syringe 
used was used to symbolize the absorption of suction from 
the proximal tube into the blood. In order to symbolize the 
absorption of the water absorbed from the filtrate into the 
blood in the descending arm of Henle, a transparent tube 
filled with green acrylic paint was preferred. In addition, 
the syringe used was used to symbolize the absorption of 
suction from the Henle descending arm into the blood. A 
transparent pipe filled with black acrylic paint was 
preferred in order to symbolize the absorption of salt 
absorbed from the filtrate into the blood in the arm leading 
out of Henle. In addition, the syringe used was used to 
symbolize the absorption of suction from the arm of Henle 
into the blood. In order to symbolize the absorption of 
water, Na, Cl and HCO3 absorbed from the filtrate in the 
distal tube, and the reabsorption of water and urea from the 
urine collection canal, a transparent tube filled with blue 
colored acrylic paint was preferred. In addition, the syringe 
used was used to symbolize the absorption of suction from 
the Distal tube and urine collection channel into the blood 
(Fig.9). 

Fig. 9: Malpighi Bodies 

4  Discussions
A successful science education aims to provide 

individuals with the knowledge and skills they will need in 
their daily lives (Anderson, 2010). Since science literate 
individuals have the skills to access and use the 
information they need to solve the problems they 
encounter, they have more advanced problem-solving 
skills (Kaptan, 1998). In biology teaching, both 
educational situations and the abstract and complex nature 
of biology concepts cause students to have difficulty in 
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understanding some subjects and to learn by memorizing 
without understanding (Kılıç & Sağlam, 2004). In order to 
overcome this problem, well-prepared three-dimensional 
models in biology lessons enable the knowledge to be 
grasped more easily (Çömlekçioğlu & Bayraktaroğlu, 
2001). In studies on new curricula in Turkey, teachers' 
opinions are frequently encountered regarding "significant 
disruptions in the implementation of the curricula due to 
the lack of structures, tools, materials and materials" 
(Akça, 2007, Peker & Halat, 2008; Şahin, 2010). Model 
teaching method; It is a teaching method applied with the 
help of examples of real objects made of the same or other 
material, and objects brought to the classroom from their 
natural environment (Çilenti, 1985). 

In our project, the teaching material describing the 
structure and function of the Nephron, which performs the 
filtration-reabsorption-secretion function in the kidney, 
which is one of the subjects of the 11th grade biology 
course, excretory system unit, was designed with the 
"material development method". Chipboard and 
Styrofoam were used for the background of the nephron 
model. For the demonstration of the nephron canal, a PVC 
pipe with a diameter of 2 cm and a length of 155 cm, which 
is used for plumbing, was used. A transparent tube with a 
diameter of 1 cm and a length of 220 cm was used for blood 
vessel display in the nephron model. In order to ensure the 
movement of blood in the transparent tube, the aquarium in 
a container filled with red acrylic paint placed at the back of 
the nephron model was moved with the help of an internal 
filter motor. Glomerulus capillaries with glass sugar bowl 
and transparent tube filled with red acrylic paint were 
shown in Bowman capsule design to demonstrate 
infiltration in Malpighi corpuscle. Transparent tubes and 
syringes filled with acrylic paint were used to symbolize 
the parts of the nephron where absorption and secretion 
from the blood occur (Proximal tube, descending and 
ascending limb of Henle, Distal tube and urine collection 
duct). In addition, the functions of the parts of the nephron, 
showing blood flow, were pasted on the Styrofoam as 
notes.

Acknowledgment
 I would like to thank my Consultant Murat KODAT, who 

guided me with her knowledge and experience at all stages 
of our project and provided all kinds of scientific support. 

 
References
[1] Akça, S. (2007). İlköğretim 5. sınıf 2005 matematik 
programının öğretmen, yönetici ve ilköğretim müfettişleri görüşleri 
doğrultusunda değerlendirilmesi (Afyonkarahisar ili örneği). 
Yayımlanmamış yüksek lisans tezi, Afyon Kocatepe Üniversitesi, 
Sosyal Bilimler Enstitüsü, Afyonkarahisar. 

[2] Anderson, C. W. (2010). Perspectives on science learning. 
S. K. Abell, & N. G. Lederman (Dü) içinde, Handbook of Research on 
Science Education (s. 3-56). New York: Routledge. 

[3] Arslan, S. ve Özpınar, İ. (2009). İlköğretim 6. sınıf 
matematik ders kitaplarının öğretmen görüşleri doğrultusunda 
değerlendirilmesi. Dicle Üniversitesi Ziya Gökalp Eğitim Fakültesi 
Dergisi, 12, 97-113. 

[4] Baba, M., ve Öksüz, Y. (2015). The effect of the use of 
concept cartoons in gaining of citizenship consciousness of primary 
school students. International Periodical for the Languages, Literature 
and History of Turkish or Turkic, 10(15), 119-136. DOI Number: 
http://dx.doi.org/10.7827/TurkishStudies.8866 

[5] Coştu, F., Beler, Ş., ve Coştu, B. (2017). Fotosentez 
konusunda öğrencilerin grafiksel becerileri ve karşılaştıkları 
güçlükler. Scientific Educational Studies, 1(1), 41-63. 

[6] Çilenti, K. (1985). Fen Eğitimi Teknolojisi. Kadıoğlu 
Matbaası, Ankara  Çömlekçioğlu, U. ve Bayraktaroğlu, E. (2001). 
Biyoloji ve Bilişim Teknolojileri. Kahramanmaraş Sütçü İmam 
Üniversitesi Fen ve Mühendislik Dergisi, 4 (1). 

[7] Demirel, Ö., Altun E. (2007). Öğretim Teknolojileri ve 
Materyal Tasarımı, Ankara: Pegem A Yayıncılık. 

[8] Ergin, A. (1995). Öğretim Teknolojisi ve İletişim. Pegem 
Yayınları, Ankara. 

[9] Ersoy, Y. (2003). Fen Bilimleri Öğretiminde Yeni 
e ğ i l i m l e r  v e  Ö ğ r e t m e n  E ğ i t i m i , 
http://www.geocities.com/ioffes2002/yersoy.html, Erişim tarihi: 
06.11.2003. 

[10] Gülen, S. (2018). Using volume of concept in the class 
environment. Journal of Technology and Science Education, 8(4), 
205-213. https://doi.org/10.3926/jotse.362 

[11] Harlen, W. (2000). Teaching Learning Assesing Science 5-
12, London: Paul Chapman Publishing Co. 

[12] Harris, K., Marcus, R., Mc Laren, K., Fey, J. (2001). 
Curriculum Materials Supporting Problem-Based Teaching. School 
Science & Mathematics,101(6), 9-310. 

[13] İşman, A. (2008). Öğretim Teknolojileri ve Materyal 
Geliştirme. Pegem A Yayıncılık, Ankara. 

[14] Kaptan, F. (1998). Fen bilgisi öğretiminin niteliği ve 
amaçları. S. Yaşar (Dü.) içinde, Fen Bilgisi Öğretimi (s. 13-30). 
Anadolu Üniversitesi, Açıköğretim Yayınları. 

[15] Kaptan, F. ve Korkmaz, H. (2000). Yapısalcılık 
(Constructivism) Kuramı ve Fen Öğretimi, Çağdaş Eğitim Dergisi, 
265, 22-27. _____. (2002). Fen Eğitiminde Proje Tabanlı Öğrenme 
Yaklaşımının İlköğretim Öğrencilerinin Akademik Başarı, Akademik 
Benlik Kavramı ve Çalışma Sürelerine Etkisi, Hacettepe Üniversitesi 
Eğitim Fakültesi Dergisi. 22, 91- 97. 

[16] Karamustafaoğlu, O. (2006). Fen ve teknoloji 
öğretmenlerinin öğretim materyallerini kullanma düzeyleri: Amasya 
ili örneği. Bayburt Eğitim Fakültesi Dergisi, 1(1), 90-101. 

[17] Kılıç, R. (1997). Görsel Öğretim Materyalleri Tasarım 
İlkeleri. Millî Eğitim Dergisi, Sayı 136, 74 

[18] Okan, K., 1993, Fen Bilgisi Öğretimi. Okan Yayınları, 
Ankara. 

[19] Okutan, M. (2004). Bilgi Toplumunun Öğretmeni Nasıl 
Olmalıdır? Eğitimde Çağdaş Yaklaşımlar. Samsun (8 Mayıs 2004) 

[20] Peker, M. ve Halat, E. (2008). İlköğretim I. kademe 
matematik programının eğitim durumları boyutunun öğretmen 
görüşleri doğrultusunda incelenmesi. Selçuk Üniversitesi Ahmet 
Keleşoğlu Eğitim Fakültesi Dergisi, 26, 209-225. 

[21] Rıza, E. T. (2003). Eğitim Teknolojileri Uygulamaları ve 
Materyal Geliştirme. (6.Baskı). İzmir: Birleşik Matbaası 

[22] Şahin Yanpar, T. ve Yıldırım, S. (1999). Öğretim 
Teknolojileri ve Materyal Geliştirme. Anı Yayıncılık, Ankara. 

[23] Yaşar, Ş. (1998). Yapısalcı Kuram ve Öğrenme-Öğretme 
Süreci, Anadolu Üniversitesi Eğitim Fakültesi Dergisi 8 (1-2), .68-75. 

47 Young Scientist Research, Vol. 5, No. 1 (2021)

Nephron Model For Course Teaching Material Purpose (44-47) 



1  Introduction
When tablets collide during manufacturing and handling 

operations they rebound with a force and velocity that is 
determined by the collision conditions and the properties of 
the materials. This collision rebound behavior of solid 
bodies can be described using a parameter known as the 
“coefficient of restitution” (CoR). The CoR varies with the 
mechanical properties of both colliding bodies and is lower 
for more plastic collisions and higher for elastic collisions.

2  Basic Theories
The coefficient of restitution, e, is a parameter that 

quantifies the energy losses during collision and is defined 
as (Eq. 1):

                                                                                     (1)

where Vr and Vi are the rebound and impact relative 
velocities of the colliding objects. The collision is said to be 
perfectly elastic if e = 1 and completely inelastic if e = 0. 
For a freely falling object under the influence of gravity, 
Eq. (1) simplifies to the form [1](Eq. 2):

                                                                                     (2)

To solve this problem the capsule-shaped object is 
divided by 2 hemispheres, then integrating them in each 
axis              and summing up would be the main approach 
(Fig.1).

Fig. 1: capsule-shaped object is divided into 2 hemispheres

Defining force as a function of momentum-time, gives (Eq. 
3):

                                                                                       (3)

thand for calculating N  height of the capsule, it is released 

with:                     then : 
                                                                                        
                                                                                       (4)
where                           .

If we assume the second restitution as an ideal parabola 
(neglecting air drag), Then for the second height being 
greater than the initial height,
will be maximized; but                                       then the 
angle       between the radius (r), the geometric center and 
impact ground and               would be equal to 0; so: 

Since there is waste force acting upon the capsule then it 
wouldn't reach the initial height. In this case:  
                                                                                       (5)

where e is the coefficient of restitution                            So, 
the ideal angle          would be    /4.
Now three different shapes are analyzed: 
a) Cylinder 

                                                                                       (6)
                                                                                       
b) Capsule

                                                                                     (7)

                                                                                     (8)

c) Sphere

                                                                                     (9)

Lagrangian Mechanics (Released Height – Impact 
Ground) : 
 

                                                                                   (10)

Acquiring the equitation of motion by the Euler-Lagrange 
method: 

                                                                                     (11)

The Coefficient of Restitution of Rebounding Capsules
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                                                                                     (12)

In our 3D model the capsule is made out of two hemi-
spheres and one cylinder where               [2] , then we write 
our impact        as followings:

                                                                                     (13)

                                                                                     (14)

                                                                                     (15)

                                                                                     (16)

                                                                                    (17)                                                             

3  Experiments
For finding the ideal height for                                   we 

would write the PDF ( Probability Distribution Function ). 
When the capsule hit the ground it starts gong up and down 
but with two different motions linear and rotational. We 
need to know why this phenomenon happens (Figs. 2 and 
3).  

Fig.2: Capsule hits the ground without considering friction

Fig.3: Capsule hits the ground with considering friction

In linear and rotional motion , total energy will be: 

                                                                                                  (18)

                                                                                   (19)
                                                                                   

                                                                                   (20)

                                                                                   (21)

                                                                                   (22)

                                                                                   (23)

                                                                                   (24)

When the capsule collide the ground the coefficient 
restitution which is a function of the velocity before and 
after hitting will be as follows:

                                                                                   (25)

                                                                                   (26)

                                                                                   (27)

By Euler - Lagrangian equation:

L                                                                                   (28)

                                                                                    
                                                                                     (29)

                                                                                     (30)

The components of forces in two directions , x and y: 
                                                                                     
                                                                                     (31)

                                                                                     (32)

                                                                                     (33)

   
                                                                                     (34)                                                                                

                                                                                     (35)

                                                                                     (36)

The angular velocity in x, y and Z (Fig. 4): 

                                                                                   (37)

Fig. 4: Angular velocity of the capsule in x, y and z directions

                                                                                 (38)                                                                                 

        12                           10

                                                                                  (39)

 Iz                                                                                    (40)             
        12                       6
                                                                                                                                                                                               
For finding the ideal height  several experiments are done 

in different heights.
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4  Results and Conclusions
To write the PDF ( Probability Distribution Function ),  

the capsule-shaped object is spined 10 times in different 
angular velocities in 10 different heights according to the 
experimental setup (Figs.5,6, 7 and 8). 

Fig.5: Probability versus height

Fig.6: Probability versus height

Fig.7: Probability versus height

Fig. 8: Experimental Setup

Maximum and minimum of the angular velocities in our 
experiment are calculated in different collision times as 
shown in figure (9).  

Fig. 9: Angular Velocity versus collision time 
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1  Introduction
The main aim of this research is to find how we can find a 

place to live in space and what parameters should be 
considered as the most important ones. 

What is ZEPHYROS ?

2  Explanation
The name Zephyros sparked our interest becauseZepher 

is the ancient Greek God of Spring. We felt that this name is 
perfect for our house on Mars because this is a new idea that 
will bloom just like a flower in Spring. Zephyr was also the 
God of the winds, which often symbolize change, new 
ideas and environments, literally and figuratively. 

We let the wind of inspiration take us to a place of 
ambition and hope, which lead to us designing this ideal 
habitat on Mars. 

With this wind leading us to do the unexpected, we finally 
maintain our standards and achieve our goals. Our Mars 
habitat is well designed and thought through, and if 
someday we achieve to make it a reality, we can assure that 
it will be 100% safe and livable. 

To explain the ZEPHYROS , it is started from its different 
parts.

For safety reasons, we will locate our shelter inside a 
crater on Mars' surface. That is because the radioactivity 
levels are lower and since the shape of the crater is proper 
for protecting the habitat from hurricanes and dust storms 
(which occur often on Mars). The lower level of the habitat, 
which includes the bedroom, the space toilet, the shower 
unit and the H2O and O2 tanks will be built underground 
where radioactivity protection is maximized, while the 
other two floors will be above the surface of the ground. 

The shelter consists of three floors, which, because of the 
gravitational acceleration on Mars (3.69m/s^2) will be 
7,25 m each. The greenhouse will be 9,63 m tall. The 
underground (-1 level) floor's area will be 23m^2, while the 
other two floors will be 25m^2, which means that the total 
area of the house will be 72m^2 and the greenhouse will be 
17m^2. Our shelter will approximately accommodate 3-6 
people and more beds will be designed accordingly. One 
local Mars resource we will use (and the most important 
one) is the soil from Mars' surface we will use to construct 
the outer casing of the upper floor. A series of processes will 

create a hard consistency that forms a brick. Most materials 
will be 3D-printed using a static construction rover and the 
rest will be gathered from the surface of the Red Planet 
(Martian soil to make bricks). We decided to place two 
airlock doors, one that connects the external environment 
with the airlock area and one that connects the airlock area 
with the internal environment, as an entrance to prevent 
loss of oxygen or pressure. The astronaut-helmet structure 
of the building (Extra vehicular Visor assembly) will 
provide protection from radiation, along with the housetop, 
which will be made of bricks of Martian soil. The aerogel 
Insulation Layer which will be applied to the house's 
human-interfacing surfaces will function as an extremely 
effective insulator, protecting from infrared radiation and 
ensuring thermal comfort. The residents' rooms will be on 
the-1 level, while they will be exercising at the gym on the 
ground floor. Working needs can be covered by the 
communication system and proper facilities, which will be 
installed in the living room area. 

In order to ensure safe, reliable, long-lived power systems 
to provide electricity andheat for the residents, we will 
combine three different power sources for the shelter: 

solar panels, 
NASA RTG (Radioisotope Thermoelectric Generator, 

which converts heat directly into useable electrical 
energy), 

and fuel cells, which produce electricity by chemical 
reactions. 

There will be two main sources for water; the first one is 
related to the process of collecting all the liquids such as 
sweat and mostly urine and converting them, via the space 
toilet, to water. The second source is the water that will be 
provided through the fuel cells, as water production could 
be a by-product of power generation. The food source will 
mostly be planted vegetables that will be growing 
constantly in the habitat's greenhouse. More specifically 
foods that can be cultivated on Mars are: Dandelions 
because, they grow quickly, every part of the plant is edible 
and they have high nutritional value. Other nutritional 
foods that will thrive are micro greens, lettuce, arugula, 
spinach, peas, garlic, kale and onions. They could serve up 
to 3100 per day for 3-6 astronauts over a 600 day excursion 
to the Red Planet. Last but not least, the waste will be 
disposed via an airlock into space.
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 disposed via an airlock into space .

3  Several parts in Zephyros (Figs. 1):
1- Airlock front door: two  doors separated by a short 

corridor to create airlock
2- Window wall: made from high temperature 

polysulfone plastic (like in astronauts’ helmets). Inner 
visor, made of ultraviolet-stabilized polycarbonate. filters 
ultraviolet rays and rejects infrared rays. Outer visor filters 
visible light and rejects ultraviolet and infrared rays . 
Together, they form an effective thermal barrier. 

3- Housetop: made out of Martian Soil.
4- Aerogel Insulation Layer: applied to the house’s 

human interfacing surfaces to ensure thermal comfort.
5- Greenhouse: vegetables will be grown with Martian 

soil, LEDs will ensure that the plants get enough sunlight 
and sheets of silica aerogel will make plant growth 
feasible.

6- Silica Aerogel 
7- Small Greenhouses
8- Fuel Cells: used for providing extra electricity, heat, 

water, and CO  . The fuel will be the H generated from the 2

electrolysis. 
9- Solar Panels: to generate energy 
10- Radioisotope Thermoelectric Generator (RTG): 

to convert heat directly into useable electrical energy
11- UHF Antennas: close range antennas functioning 

like walkie-talkie compared to the long range of the low 
gain and high gain antennas

12- Pneumatic (Vacuum ) Elevator
13- Kitchen
14- Living Room
15-Spacesult Storage
16- Home Gym (gravity on Mars being 38% of Earth, 

humans could run the risk of muscle wastage and other 
health issues.

17- Bedroom
18- UWMS (space Toilet): will feed pre-treated urine 

into a regenerative system, which recycles water for further 
use

19- Shower Unit
20- Oxygen Tanks: will be generated with electrolysis by 

running electricity through water, water will be seperated 
into H and O  gas.2

  Floor height: 1 level: 7,15 meters
        0 level: 7,25 meters
        -1 level: 7,25 meters
         Greenhouse height: 9,636 meters
 Waste disposal: via an airlock into space

  

Fig. 1: Several parts of Zephyros
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1  Introduction
If you are a researcher in biology laboratories, you are 

definitely familiar with micropipette as one of the most 
important equipment. Human error is an inseparable part of 
an experiment. One of the most common human errors that 
occurs when working with a micropipette is that the 
sampled well is lost in a 96-well plate due to the proximity 
of the wells, low transfer volumes (<1000µl), adding a 
colorless solution (which prevents visual control of the 
sampling process), environmental factors (such as noisy 
devices and overcrowded rooms), and mental states of the 
operator (work stress, fatigue, and lack of concentration). 
The unit of volume in a micropipette is microliter, so the 
slightest error causes the largest variations in the test 
results. Most of the time, the researcher does not notice the 
error that changes the overall result of the experiment. At 
best, the researcher realizes the error and has to repeat the 
experiment, resulting in a waste of materials and time. 
Accordingly, this error became the basis for this project and 
an attempt was made to solve this problem by providing a 
simple, creative and low-cost model that is available to all 
laboratories. We made a counter sampler using a magnet 
B/sensor and an electrical counter, which were installed in 
the piston and body of micropipette. Installation of the 
sensor into the body has caused the counter can count the 
number of sampling only when piston button was pressed 
to the second step. So, drawing up liquid is not included in 
the count. Low price, portability, and being user friendly 
are the advantages of our plan.

1-1  Pipette
Working in laboratories and doing experiments is one of 

the most important parts of a research. Among the various 
instruments which are used to perform laboratory test, 
some equipment such as pipettes and samplers are very 
useful. Pipettes are mostly used in a few fields like 
genetics, chemistry, microbiology and pharmacology. A 
range of pipettes with different accuracy is manufactured 
and designed based on their applications. They can be a 
non-standard piece of glass or plastic designed to transfer a 
single volume of liquid or can be precious instruments with 
more complex structures for transferring a couple of 
volumes (Fig. 1).

Fig. 1: Pipettes

1-2  Micropipettes 
Micropipettes, also called samplers, are the most accurate 

pipettes which are widely used to collect and transfer a very 
little amount of volumes in microliters. They are 
favourable instruments for many researchers working on 
some precious researches, especially in the field of cell-
molecular biology, chemistry and pharmacy. Moreover, lab 
technicians are likely to learn to use it in the first steps of 
their experiments and to spend most of their time on using 
it. Accordingly, samplers can be classed based on  their 
different characteristics, some of which are mentioned 
below.

1-2-1  Adjustable and Fixed Micropipette
Adjustable pipettes are those that can be adjusted to a 

range of specific volumes. These pipettes usually have 
such labels as "10-100 microliters" that indicate the desired 
volumes by which can be transferred. In fact, this type of 
samplers can only draw the adjusted volumes; However, 
the pipetting system will be disrupted if users use sampler 
out of the defined ranges.

On the other hand, fixed volume micropipettes are those 
whose volume is unchangeable. Compared to adjusted 
samplers, there are fewer moving parts in the structure of 
fixed micropipettes, therefore, their mechanism of action is 
simpler, which makes them enable to transfer a specific 
volume more accurately. These kinds of samplers are 
mostly used in laboratories with routine daily works with a 
need of transferring some specific volumes (Fig. 2).

Fig. 2:Variable (A) and fixed (B) samplers
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he unit of volume in a micropipette is microliter, so the slightest error causes the 

Tlargest variations in the test results. Most of the time, the researcher does not 

notice the error that changes the overall result of the experiment. At best, the 

researcher realizes the error and has to repeat the experiment, resulting in a waste of 

materials and time. Accordingly, this error became the basis for this project and an attempt 

was made to solve this problem by providing a simple, creative and low-cost model that is 

available to all laboratories. We made a counter sampler using a magnet B/sensor and an 

electrical counter, which were installed in the piston and body of micropipette. 
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1-2-2 Single-Channel Samplers and Multi-Channel 
Samplers

There is a difference between single-channel and multi-
channel samplers depending on the number of channels 
attached to their pistons. Most researchers sometimes 
prefer a multi-channel pipette to a single one, e.g. filling 
some wells of a 96-well plate at the same time, so that one-
by-one filling in using a single-channel sampler will take a 
long time during an experiment.

Fig. 3: Single-channel samplers and multi-channel samplers

   1-2-3  Electronic Samplers
The electronic micropipettes were designee by reducing 

the required force to improve the ergonomics of the 
micropipettes. Manually moving the piston is replaced by a 
small electric motor powered by a battery. The work steps 
are set and displayed on a small screen. In addition, 
electronic pipettes can reduce the risk of RSI-type injuries 
(Fig. 4).

Fig. 4: Electronic samplers

The main components of a sampler and mechanism of its 
action are as shown in figures (5 and 6). 

Fig. 5: Components of a sampler

Fig. 6: The schemes of (A) the direct and (B) the reverse pipetting 
methods.

2  A problem Statement
 Since laboratories are complex systems consisting of 
different people and devices, the presence of errors in there 
is undeniable. Basically, laboratory errors are classified as 
pre-analytical, analytical and post-analytical errors. On the 
one side, pre-analytical errors may occur in the procedure 
of requesting a test, collecting a sample, and transferring it 
to the laboratory. On the other side, analytical errors may 
occur during a test in response to either uncalibrated 
equipment or tired, careless technician with high 
workload. Besides, post-analytical errors are present after 
a test during data collection, analysis and reporting.
Since the samplers are usually used for doing an 
experiment, driven errors are analytical. As mentioned, 
poor calibration and quality controls along with technical 
errors of users can be the main sources of this errors. Due to 
the calibration program for most laboratory devices is 
scheduled, some researchers believe that the role of 
technicians in occurring this error might be greater. As a 
result, the awareness of the technicians is the most 
important factor to prevent the occurrence of this type of 
error, which is usually less noticed.

3  The  Main Aims 
The error related to a sampler can be caused by various 

factors, including using an uncalibrated sampler, 
contaminated sampler, unsuitable tips, a broken sampler 
and so on. These errors can be largely eliminated by 
properly training staff and creating a regular program to 
calibrate. However, error is always an integral part of 
human action; as a result, efforts should be made to identify 
drastic errors that have been overlooked in the testing 
process and to take actions to correct them.

The error in counting sampling number is one of the most 
common human errors which can be occurred during a 
work set with sampler. Some environmental factors, such 
as working in a noisy workplace with high workload or 
having a bad working day and getting exhausted, can 
disrupt the focus of technicians, which let them to make 
mistake. In addition, running a test into 96-well plates 
might be another source of analytical errors. That's why 
their wells are too small and close to each other, resulting in 
missampling especially when the transferred volume is 
very small and its visually tracking is practically 
impossible. For example, the researcher forgets in which 
well he has sampled or in which step of adding a solution to 
a mixture s/he has been. On the other hand, the sampler 
transfer volumes in the microliter range, so any error in 
transferring equals more deviation in results. In fact, 
researchers usually do not pay attention to these errors, 
which lead to erroneous results and reports.  Occasionally, 
a researcher recognizes the error and has to repeat the 
experiment, resulting in a waste of material and time. 
Sometimes it is practically impossible to repeat the 
experiment due to a limitation of budget, time and 
materials. For example, the ELISA test is usually one of the 
final stages of a test series; thus, if for any reason the 
researcher makes a mistake in pouring the sample into the 
ELISA plate wells, all the cost and time spent on the series 
of experiments will be wasted.

As a result, in this study, an attempt was made to design a 
sample with the ability to count the number of sampling in 
order to increase the efficiency, accuracy, precision and 
reproducibility of the results by reducing user errors, so 
that it could save materials and time in the laboratory.

4  Methods
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4-1  Solution 1:
Installing the Counter on the Piston Button of a Sampler 
The first scheme was to install the counter on the plunger 

button. Thus, when the experimenter wanted to do 
sampling, he/she had to push the counter which led the 
number on counter to increase by one unit.

There were some disadvantages in this idea; the major 
problem was that it counted each sampling twice because 
the button was pushed one time for filling the disposable tip 
and the other time for discharging the solution. Moreover, 
the other problem was that the surface of the  counter's 
button is slippery and non-user friendly (Fig. 7).

Fig. 7: Solution 1

4-2  Solution 2: 
Installing of the (Diode-Receiver-Transmitter) on Piston 

Base and Piston Button
In this idea, two diodes were used that one of them was 

attached on the plunger rod and the other was placed in 
front of the tip ejector. While the experimenter pushed the 
plunger button, the plunger rod went towards other diode. 
Consequently, an electrical current was triggered and the 
number on counter increase by one unit (Fig. 8).

Fig. 8: Solution 2

To be honest, this idea was practically impossible so that it 
would not be user-friendly.

4-3  Solution 3:
Installing both Receiver and Transmitter on Piston Base 

and Piston Button, Respectively, Along with Adding a 
Shiny Reflective Ring to the Piston Rod

In this idea, both receiver and transmitter were placed on 
the same place (i.e. in the front of the tip ejector) and a 
shiny ring was attached on the plunger rod. The mechanism 
was that the transmitter sent a beam of light as soon as the 
technician pushed the plunger, then these beams got 
reflected by the shiny ring and the receiver received them. 
Consequently, an electrical current added a number to the 
counter. This idea was easier than our 2nd solution but still 
there were some problems. The diodes were expensive and 
needed more energy sources. In addition, the shiny ring 
was able to be destroyed after several uses (Fig. 9).

Fig. 9: Solution 3

4-4  Solution 4: 
Micro-Switch
In this idea, when the experimenter is doing the samplings 

and pushes the plunger button until the second step(the step 
of sampling, which should be count),the plunger button 
hits the micro switch , the counter counts.

The mechanical touch, between the plunger button and 
the switch makes the device not to be able to Work for a 
long time. Also, a switch as small as needed wasn't found 

(Fig. 10).

Fig. 10: Solution 4

4-5  Solution 5: 
Copper Wire and Ring
In this solution, a ring was attached under the plunger 

button, and 2 wires were attached from the counter to the 
sampler body. When the experimenter pushed the plunger 
button for sampling, the wires reached the ring and the 
counter counted.

The disadvantages of this solution was that the copper 
wires and the ring had mechanical connection which let to 
make damage to them after several sampling (Fig. 11).

Fig. 11: Solution 5

4-6  Final Solution 
Magnet/ Magnet key
In this idea, a magnet was put in the plunger rod hole and a 

magnet bee sensor was put on the sampler body, attaching 
by 2 wires to the counter which is also put on the sampler 
body, with a short distance of the sensor. The mechanism 
was that when the experimenter pushed the plunger button 
till the second step of sampling, the magnet became close to 
the sensor; Consequently, an electrical pulse was induced 
which led to adding a number to the counter.

This idea had the most advantages. It was user-friendly 
and easy to use. Moreover, it was simply placed on the 
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other hand, the battery of counter consumed the least 
amount of energy, so it was not able to be destroyed even 
for several years. Furthermore, there was no mechanical 
connection between its component and it could work for 
years (Fig. 12).

Fig. 12: Final Solution 

We also did a 3D print for covering the counter in order to 
look better (Fig. 13).

Fig. 13: Final Design

5 Suggestion
There are some suggestions to expand this work. A 

program could be designed in order the counter be able to 
save the data. It may also be applied in other samplers by 
the sampler companies.
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