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ABSTRACT 

In the paper, the authors present the history of stereology development in Poland from the 1930s until now. 
The authors concentrate on the talented scholars whose hard work, dedication, and enthusiasm contributed to 
popularizing stereological methods of quantitative assessment. From Hugo Steinhaus to now, the evolution 
and increase in popularity of stereology is briefly shown. The most significant achievements are described in 
more detail.  
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INTRODUCTION 

The historical survey contains dates, facts, and 
descriptions of the most important achievements. 
However, in this paper, the authors would like to 
concentrate on the people whose hard work, dedication, 
and enthusiasm contributed to popularizing stereolo-
gical methods of quantitative assessment. In this article, 
we would like to focus not on the institutions, but the 
people; the individuals who have made it possible to 
create the Polish school of stereology. We would like 
to present briefly its characters and achievements and 
attempt to show their impact on the Polish scientific 
community. Next year, in 2018, we will celebrate the 
30th anniversary of the Polish Society of Sterology 
foundation. Thus, it is an excellent opportunity to recall 
the most important achieves of Polish stereologists 
and history of the Polish Society for Stereology.  

FIRST STEPS IN STEREOLOGY AND 
QUANTITATIVE ASSESSMENT OF 
METAL MICROSTRUCTURE  
HUGO STEINHAUS 
The first significant contribution to stereology in 

Poland was made by Hugo Steinhaus (Fig. 1), a dis-
tinguished mathematician and educator who obtained 
his Phd under Gilbert Hilbert at Göttingen University 
in 1911 and became a professor at Jan Kasimir 
University of Lvov (Bodziony and Hübner, 1987, 
Steinhaus, 1973). In Lvov, he helped to establish the 
famous Lvov School of Mathematics with the mathe-

maticians Stefan Banach, Stanisław Ulam, Stanisław 
Mazur, Mark Kac, Władysław Orlicz and others. 

 

Fig. 1. Professor Hugo Steinhaus 
(http://math.uni.wroc.pl/~s266522/steinhaus.html). 

In those days, this group of scientists was an 
extraordinary team of extremely talented individualists 
creating modern functional analysis. Their legendary 
meetings in the Scottish Café resulted, during endless 
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mathematics discussions, in the famous Scottish Book, 
a notebook in which both solved and unsolved problems 
in the field of functional analysis and topology were 
noted. Steinhaus made a significant contribution in 
many branches of mathematics: functional analysis, 
geometry, mathematical logic, and game theory. He 
was also a pioneer of stereology when it had not yet 
arisen as a branch of science (Kac, 1974).  

In 1930, he published the paper Zur Praxis der 
Rektifikation und zum Langenbegriff (Fig. 2) (Steinhaus, 
1930), in which he proposed a method for measuring 
the length of a curve. In his method, Steinhaus 
approximated the length of the line by means of a 
square grid of size d, drawn on a transparent sheet, 
which was used as an aid to measure the length. 
Measurements had to be carried out a couple of times 
for each image of the curve by rotating the square 
grid to different angles as this gives results that are 
more accurate.  

In this method he generalized the Crofton formula 
(Bodziony and Hübner, 1987): 
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where, L – the length of the arc of plane curve is 
equal to π/2. 

He proposed estimation of the length of the curve 
by applying trigonometric method. He considered n 
directions disposed uniformly at 2π/n intervals and 
obtained: 

  iW
n

L
2


, (2) 

Final version of line length measurement pro-
posed by Steinhaus started from representation of the 
Crofton formula in the following manner: 
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where Ak is a measure of set of straight lines L 
intersecting A exactly in k points. 

As he wrote, the idea of solving the line length 
measuring problem came to him when his daughter 
was told to measure the length of the Vistula on a 
map (Steinhaus, 1973). Measurement of the contours 
of leaves or perimeters of plane sections of trees 
revealed another problem: the results depend on the 
precision of the instrument employed. He published 
his method in a periodical for geographic teachers and 
cartographers attaching a transparent sheet of three 
grids turned against each other by 30°, consisting of 
lines spaced equal distance 3.82 mm. 

 

 

Fig. 2. Copy of Hugo Steinhaus’s Zur Praxis der Rektifikation und zum Langenbegriff (Steinhaus, 1930). 
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This tool was developed originally by Steinhaus 
and called longimeter. The curve length was assessed 
by counting the total number of crossing the curve 
with grid lines. (Steinhaus, 1932). Steinhaus also deve-
loped a geographers’ method of quantitative characte-
rization of the surface configuration of a territory. He 
proposed determining two parameters: average steep-
ness (Steinhaus, 1947b) and the index of the vertical 
configuration (Steinhaus, 1947a) and restricted them 
to the utilization of information given on or obtainable 
from maps. His scientific activity involved applied 
mathematics and resulted in cooperation in other scien-
tific fields like medicine. He developed a method for 
spatial localization of foreign bodies using X-ray 
images, which facilitated the removal of bullets from 
soldiers wounded during the war (Steinhaus, 1938).  

The golden times for Polish mathematicians were 
ended by the World War II, during which many 
talented people died. Steinhaus luckily survived the 
war, despite many adversities, such as the need to hide 
from the Nazis because of his Jewish origin. After the 
end of the war, Steinhaus moved to Wroclaw, where 
was involved in establishing a new university. He 
attempted to recreate the atmosphere of Polish mathe-
maticians before the war; however, without Banach, 
Ulam, and many other unusual characters, it was no 
longer possible. He returned to scientific and teaching 
activities at the University of Wroclaw. He died in 
1972 in Wroclaw. 

JAN CZOCHRALSKI 
At the same time, another outstanding Polish scientist, 
chemist, and metallurgist, Jan Czochralski (Fig. 3), 
developed the first method for quantitative description 
of material microstructure. He is well known all over 
the world for inventing in 1916 a method of growing 
crystals which is now used to obtain single crystals of 
semiconductors: the Czochralski Growth Process. For 
the first time on a production scale single silicon 
crystals were grown using the Czochralski method in 
1951 and this method is still used for industrial pro-
duction of silicon for electronics, thus emphasizing the 
importance of Czochralski’s discovery. Almost all semi-
conductor devices are made of monocrystalline silicon, 
the method of producing the wafers from which the 
chips are cut is crucial due to the demand for high 
purity. The history of prof. Jan Czochralski shows 
him as a tragic character. He was born in Kcynia, in 
the Prussian Province of Pomerania. He was educated 
at Charlottenburg Polytechnic in Berlin, where he 
specialized in metal chemistry. From the beginning, 
his scientific interests were related to materials for 

electronics; in his early publications, he dealt with the 
possibilities of using aluminium for electronics. 

His other very important achievement was the deve-
lopment and patenting in 1924 of Metal B, a tin-free 
bearing alloy for railways that revolutionized them by 
increasing the speed and reliability of trains. On the 
request of Polish President Ignacy Mościcki, he 
decided to come back to Poland in 1928 and create 
the Institute of Foundry and Material Science. World 
War II interrupted his scientific work: after the war, 
he was arrested and accused of colluding with the 
German fascists during the war and although he was 
cleared of the charges, he was excluded from the 
scientific community and never returned to the Warsaw 
University of Technology. He died forgotten and 
rejected in 1953. He did not live up to the moment 
when the first transistor was produced using his 
monocrystalline growth method. 

 

Fig. 3. Jan Czochralski, Wikipedia. 

He was an author of 170 articles and is now one 
of the most cited Polish scientists. In 2011, he was 
rehabilitated and the memory of him and his great 
achievements restored.  
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Much less is known about the achievements of 
prof. Czochralski that were closely related to his 
material studies, but his contribution to quantitative 
assessment of metal microstructure was very interes-
ting. He developed a method of quantitative deter-
mination of non-metallic inclusions (Czochralski, 
1935, Czochralski and Sznuk, 1936). He defined the 
standards for his method that were addressed to 
production engineers for quality control applications. 
He recommended: 

 analysing microsections at the same microscopic 
magnification (100x),  

 analysing anisotropic material after plastic working 
in two intersections: perpendicular and parallel to 
the direction of the plastic working,  

 taking samples from ingots and castings from the 
inside and the outside of the object, 

 microsections should be 2x2 cm in size. The 
measurement should be made in a field with 0.75 
mm size in the centre of the microsection, 

 non-metallic inclusions should be divided into sphe-
roidal inclusions 1

lenght  
, flake 

width 
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width
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 1 mm2 should be regarded as an inclusion unit. 

He proposed describing non-metallic inclusions 
by a set of 3 numbers: the number of inclusions per 
area unit, the mean length of inclusions measured in a 

longitudinal microsection, and the total surface area 
of inclusions in an analysed field of view. He pro-
posed to approximate the area of individual inclu-
sions by the use of the area of a circumscribed rect-
angle. 

This method was recommended by Czochralski 
for application as a quality control device for steel-
makers. It is really interesting to notice that the above 
described recommendation in fact describe the basic 
components of contemporary good metallographic 
practice. 

MICHAŁ ŚMIAŁOWSKI 
Attempts to solve the problem of quantitative 

description of non-metallic inclusions and their distri-
bution in materials were also the research topic of 
Michał Śmiałowski, who was doctoral student of 
prof. Czochralski. In 1936, Michał Śmiałowski pre-
sented (Śmiałowski, 1936) and described a photometric 
device for automatic quantitative characterization of 
non-metallic inclusions and other steel microstructure 
components by reflecting a light beam at different 
angles. Śmiałowski’s device can be considered a 
prototype micrometer or automated linear integrator 
for linear analysis of microstructures. The result of 
the analysis was the number of crystals encountered, 
the mean linear length of crystals, and the ratio of 
total crystal area to the analysed area of the sample. 
This microphotometer consisted of an incandescent 
lamp with a tungsten strip, light microscope, camera, 
a photoelectric cell, and an electric motor driving the 
tooling that automatically moved the microscope 
table with the probe on it during tests (Fig. 4).  

 

Fig. 4. Diagram of the microphotometer (Śmiałowski, 1936). 
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The lamp threw a strong beam of light onto the 
polished surface of a sample through the capacitor 
and illuminator. The microscope reflected light onto 
the upper wall of the box and onto the active surface 
of the photoelectric cell, which had diaphragm of 2 
mm and was connected to a mirror galvanometer. 
Changes in light intensity reflected from the sample’s 
surface caused deviation of the mirror position. A 
light beam delivered a sharp spot on the bromide 
paper after passing through the aperture hole and 
galvanometer lens. If the tested sample had a smooth 
surface that was free of anisotropy, the obtained chart 
was formed as a series of straight parallel lines. If the 
tested surface had inclusions, scratches, or pores that 
were clearly visible against the background of the 
structure, diverging lines appeared on the chart (Fig. 
5). Charts created by photometers of metallographic 
section make it possible to assess quantity, linear 
dimension, and fracture for metal components with 
different levels of light reflecting ability. An example 
result of an analysis is presented in Fig. 6. 

 
Fig. 5. Plot obtained by photometric test of annealed 
carbon steel (0.3% C, etched 2% alcohol HN03 (x0.5) 
(Śmiałowski, 1936). 

POLISCH PETROGRAPHERS: MARIA 
TURNAU-MORAWSKA AND JULIAN 
TOKARSKI  

Recalling the achievements of Polish scientists in the 
development and application of stereology cannot omit 
the achievements of Polish geologist and petrographer, 
Professor Maria Turnau-Morawska, who contributed 
to applying quantitative methods to the description of 
rock structure (Bodziony, 1993, Ratajczak, 2005). In 
the 1930s, she carried out petrographic research on 
the core of the crystalline Tatra Mountains. This re-
sulted in revealing the regularity between the quanti-
tative microscopic analysis of rocks and their chemical 
composition. She proposed a method of analysis inclu-
ding the number of analysed samples (3) and the 
number of counts required to assess with high pro-
bability the chemical composition of the tested rocks 
(100 counts). Maria Turnau-Morawska published the 
results of her study in 1933; her method became 
known as Maria Turnau-Morawska’s rule and was a 
standard of quantitative analysis of rocks in those 
days. An important limitation of the method is that it 
could be applied only to Tatra granite, in which mi-
neral grains do not exceed 0.5 mm in diameter. 

Professor Julian Tokarski was an author of the 
planimetric-powder method of quantitative analysis 
of rock structure (Ratajczak, 2005). He applied this 
method in numerous mineral industry technologies: 
for instance, for quality control of gypsum chemical 
composition, analysis of chemical composition of 
potassium salts, and chemical composition of cement. 
The most important solution proposed by Tokarski 
concerned the preparation of samples in the form of  

 
Fig. 6. Sample results of analysis carried out by (Śmiałowski, 1936). 
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powder in order to avoid effects from the rock struc-
ture. He proposed the optimum number of counts in 
planimetric analysis of the volume of components: 
300 measurement points in order to give 95% confi-
dence of the mineral content of minerals.  

This promising, dynamic development of mathe-
matic science and its application in quantitative 
analysis of material structure was interrupted by 
World War II. Unfortunately, the Polish world of 
science suffered enormously during the war. At the 
hands of the Nazis, 30% of scholars and university 
lecturers were killed. After the war, Hugo Steinhaus 
wrote that 70 mathematicians he knew had been killed.  

After the war, scientists had to rebuild the 
foundations of scientific centres, often in the face of 
the unfavourable attitudes of the communist autho-
rities, who deeply interfered in both administrative 
structures and research subjects. For political reasons, 
some scientists were excluded from research because 
of their political beliefs, like Czochralski. Some 
scholars conducted their research work according to 
guidelines from the communist authorities. Limitation 
of scientific creativity and freedom of choice of study 
topics had a huge impact on scientific activity and 
achievements for over 4 decades. 

CONTEMPORARY ACHIEVEMENTS 
Revival of interest in stereological issues in Poland 
occurred in the 1960s as a result of geological 
research and the need to improve steel quality control 
methods. The leading role was played by the Krakow 
academic community, specifically Jakub Bodziony 
from the Strata Mechanics Research Institute of the 
Polish Academy of Science and Jerzy Ryś from AGH 
University of Science and Technology. 

JAKUB BODZIONY 

Professor Jakub Bodziony (Fig. 7) graduated in 
1954 from AGH University of Science and Techno-
logy in Krakow, and in 1955 from the Mathematics, 
Physics and Chemistry Division of Jagiellonian Uni-
versity. During his studies, he started his work at 
AGH University of Science and Technology in the 
Department of Analytic Geometry. He cooperated 
with a research group dealing with the mechanics of 
stochastic bodies, led by Jerzy Litwiszyn and Stanisław 
Gołąb. His mathematics education and skills deeply 
influenced his further research. From the outset of his 
scientific career, he was deeply interested in stereo-
logical issues. As a master of mining, he worked on 
the description of rock structures and their properties. 
Because he was a mathematician, he was able to pre-

cisely describe some stereological parameters of rock 
structure and mechanical phenomena using mathema-
tical language. 

 
Fig. 7. Professor Jakub Bodziony. 

Jakub Bodziony has considered the problem of 
the comminution of rock and description of the rock 
crushing surface. He formulated the basis for a 
stereological approach to calculating the division of 
the crushing surfaces into parts of intercrystalline and 
transcrystalline origin. He deals with the problem of 
determining the spatial indexes of rocks, considered 
as grain materials. His research work on stereology 
resulted in a uniform estimation of the basic estima-
tors of rock minerals (volume fraction, surface area, 
total medium curvature, number of the spatial structure) 
(table. 1, (Bodziony, 1993)) (Bodziony, 1965a). He 
also developed a geometrical-integral model of the 
liberation of minerals and proposed an estimator for 
the assessment of MV (estimator for convex bodies) 
(Bodziony, 1965b). 

He developed the geometric-integral model of 
mineral liberation based on integral geometry and 
Crofton’s formulae. In his article Definition of 
particle size on the notation of total mean curvature 
(Bodziony, 1965b), he indicated the equivalence of 
Feret's diameter and the total curvature of the convex 
grain. An important part of his research work is 
devoted to formulation of the rock liberation model. 
Rock liberation is a side effect of rock comminution, 
which is important from a technical point of view. 
Intercrystalline comminution gives a better liberation 
effect. The liberation effect increases with commi-
nution degree and is strictly related to the spatial 
location of the crushing surface network in the rock 
structure. Jakub Bodziony described this problem by 
applying stereological methods, presenting a formula 
for the relative number NV(A+AB), where A and B 
are 2 components of a rock (Bodziony, 1993). 
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where: NV – number of objects per volume unit; VV – volume fraction of object in analyzed total volume; SV – 
surface area per volume unit, MV – total mean curvature; G – grains, and P – particles. In his liberation model, 
four stereological parameters were used that considered rock structure and the network of crushing surfaces.  

Table 1. List of estimators of the global parameters of the structure (Bodziony, 1965a) 
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Where: VR – volume of analysed sample, Vi, Fi, Mi –volume, surface and total medium curvature of each particle, 
respectively, 
fij – area of the analysed cross-section of the particle;  
lij – length of the perimeter of analysed cross-section of the particle;  
mj – number of particles crossed by the test line on analysed cross-section;  
index i – number of analysed particle,  
index j – number of cross-section. 

jf  – total area of all analysed cross-sections.  

ZG – number of points that hit the analysed particle,  
ZR – number of all points put on the analysed sections. 
 

He cooperated with Władysław Kraj under the 
problem of description mineral liberalization. Kraj also 
considered the problem of discontinuities of a material. 
He developed a method for determination of the spatial 
orientation of the surface area of discontinuities in a 
rock based on measurements of the directions of the 
traces of these surfaces on flat sections differently 
oriented in the rock (Kraj, 1986).  

At the 1st Conference on Stereology in Material 
Science in 1983 (SterMat’83), Professor Bodziony 
noticed that due to the increasing number of people 
whose research activity was strongly related to ste-
reology, a scientific society should be organized to 
help and consolidate scholars from many universities 
in Poland. This idea was realized in 1988; the first 
President of the Polish Society for Stereology became 
Jakub Bodziony. 
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JERZY RYŚ 

 
Fig. 8. Professor Jerzy Ryś. 

When we consider the very beginning of quanti-
tative metallography in Poland, we must recall Pro-
fessor Jerzy Ryś (Fig. 8), whose role in introducing 
quantitative assessments by stereological methods into 
Polish science is crucial.  

At first, his scientific interests focused on the 
problems of statistical methods for metallurgy and 
metallurgical issues. In 1960, he defended his doctor-
ral dissertation, which was the first application of a 
statistical method of multiple correlation in Polish 
metallurgy. In 1965, in his habilitation (a post-docto-
ral degree) work Evaluation of the application of 
quantitative microscopic methods to determine the 
dispersed phases in steel (Ryś, 1965), stereological 
methods of measurement were applied for the first 
time in Polish metallography.  

In 1966, Jerzy Ryś held a scientific internship at 
the University of Erevan (USSR), where he had an 
opportunity to work with S. A. Saltykov, a world 
authority in the field of quantitative metallography. 
Undoubtedly, working with Saltykov inspired the 
young scientist from Poland and contributed to the 
strengthening of his scientific interests and desire to 
disseminate the idea of objective and quantitative 
analysis of microstructures. The book by S. A. 
Sałtykov, Stereometric metallography (Saltykov, 1958) 
influenced his interest in measurements in metallo-

graphy. He was aware of how stereological methods 
can contribute to increasing the efficiency and relia-
bility of analysis; he also knew that precise descrip-
tion of microstructure components makes it possible 
to detect the relation between them and the mecha-
nical properties of materials. 

After returning to Poland, Jerzy Ryś created the 
Quantitative Metallography Group within the Depart-
ment of Metallography at AGH University of Science 
and Technology, which in 1968 was transformed into 
the Laboratory of Quantitative Metallography of the 
Department of Metal Science and Heat Treatment, 
with Jerzy Ryś as manager.  

In 1970, the first handbook in Poland on stereo-
logical methods was published – Introduction to 
quantitative metallography (Ryś, 1970). 

In the preface, he wrote “…In current metallo-
graphic practice, comparative methods are most 
widely used, which, without being fully quantitative 
methods, do not allow objective and fully repeatable 
characteristics of a metal's microstructure. Therefore, 
comparative methods should be replaced wherever 
possible by geometric measurement of microstructure 
parameters, as only quantitative microstructure esti-
mation can find close relationships between the micro-
structure and the technological parameters of the 
metal manufacturing process...”. In this small book, 
Jerzy Ryś briefly presented the crucial methods for 
quantitative analysis of the microstructure of metals: 
measurement of volume fraction of microstructure 
components applying Cavalier’s planimetric, linear 
and point methods; measurement of boundary surfaces 
separating components of the microstructure; deter-
mination of the number of grains; determination of 
the number of grains per unit area; quantitative eva-
luation of the expected mean curvature. This small 
handbook has made a great contribution to the popu-
larization of stereological methods in metallurgy and 
material science. At the same time, Ryś also ela-
borated and introduced stereology (as “Quantitative 
Metallography”) as a separate course for students of 
AGH University of Science and Technology. He 
lectured until 1992.  

Over time, the Laboratory of Quantitative Metallo-
graphy at AGH University of Science and Technology, 
led by Jerzy Ryś, became a leading national research 
centre for the application of statistical methods in 
metallurgy and quantitative metallography. The scien-
tific activity of the Laboratory consisted of three 
basic directions: 

1. Correlational or variance analysis. Specifically, 
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research on the influence of chemical compo-
sition on the properties of materials in which the 
main tool was multiple correlation. Works of this 
type have contributed greatly to the solution of 
certain metallurgical problems. 

2. Stereological quantitative metallography. This 
direction mainly included stereological methods 
for measuring the quantitative characteristics of 
microstructures of materials.  

3. Quantitative metallography. In particular: quanti-
tative dependence of material properties on micro-
structure; coagulation of dispersive carbide phases 
in steels; spheroidization of carbides in micro-
structures of the so-called "grid" and with tiles 
(perlite); the curvature of grain boundaries and 
phases; double angles in the structure of grain 
boundaries; microscopic texture; dispersion phases 
(globular and platelet). 

The next handbook on stereology methods was 
published in 1983; it was an extensive work on the 
methods of classical stereology. In 1992, Jerzy Ryś 
retired, but continues to carry out scientific work. In 
1995, he published the book “Stereology in material 
science”. It should be highlighted that even now there 
are no other handbooks on stereology in Polish, other 
than Jerzy Ryś handbooks. Obviously, this duty falls 
on the new generation of stereologists in Poland. 

Jerzy Ryś was an unquestioned authority in 
statistical methods, statistical quality control, quanti-
tative metallography, and stereology. He is widely 
considered the creator of the Polish school of ste-
reology and quantitative metallography. He was greatly 
benevolent and willing to help by sharing knowledge 
with the next generations of students. This is probably 
why so many young scientists gathered around him 
with a willingness to cooperate. Nowadays his students 
work in various scientific centres all over Poland and 
abroad. His activity stimulated the development of 
quantitative metallography and stereology in Silesia, 
Krakow, Warsaw, and Czestochowa University of 
Technology. His participation in scientific seminars, 
research consultations, and reviews of doctoral dis-
sertations and postdoctoral fellowships has significantly 
contributed to the development of academic staff in 
these centres.  

SCIENTIFIC STEREOLOGICAL 
GROUPS IN POLAND 
Over time, more and more centres have emerged 

in which the application of stereology in metallo-
graphy has been taken up and developed. At AGH 
University of Science and Technology, Jerzy Ryś’s 

group with Kurt Wiencek (Fig. 9), Henryk Adrian, 
Andrzej Czarski, Kazimierz Satora and Tadeusz 
Skowronek have developed stereological character-
ristics and modelling of the coagulation of carbides 
(Ryś and Wiencek, 1979). In his habilitation disserta-
tion, Kurt Wiencek has addressed the stereology of 
convex grains (Wiencek, 1996); he has also contributed 
in subjects such as statistical properties of micro-
structures of materials, statistical correlations in micro-
structures, description of microstructure elements using 
geometric-stochastic models, and quantitative descrip-
tion of the structural processes in materials. Henryk 
Adrian has conducted research on linear cross-sections 
of polycrystals (Adrian, 1992). Andrzej Czarski in his 
PhD dissertation proposed a new method of 
quantitative description of the lamellar structure of 
perlite (Czarski and Ryś, 1987). The problem of 
coagulation of dispersive carbide phases in steels was 
the subject of scientific interests of Kurt Wiencek, 
Kazimierz Satora, and Piotr Matusiewicz (Adrian and 
Wiencek, 2015, Czarski et al., 2015, Matusiewicz 
and Czarski, 2013, Skowronek et al., 2004). 

 
Fig. 9. From the left Prof. Jerzy Ryś and Prof. Kurt 
Wieneck. 

At the Foundry Research Institute, Krzysztof 
Hübner applied computer image analysis to micro-
structure analysis of graphite in cast iron (Hübner, 
1977).  

The mathematical foundations of stereology and 
image analysis and its application in analysis of rock 
structures were the domain of Jakub Bodziony and 
Mariusz Młynarczuk from the Strata Mechanics 
Research Institute of the Polish Academy of Science. 
Mariusz Młynarczuk has developed computer image 
analysis methods in rock structure analysis. He 
interests in application of advanced image processing 
including artificial intelligence for rock structure 
analysis and type of rock identification (Mlynarczuk, 
2005, Mlynarczuk et al., 2016, Mlynarczuk and 
Skiba, 2017, Mlynarczuk and Wierzbicki, 2009).  
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Fig. 10. From the left: Professor Leszek Wojnar and 
Professor Jerzy Ryś. 

At Krakow University of Technology, Leszek 
Wojnar’s group specializes in the application of ste-
reology and methods of image analysis in quantitative 
metallography, biology, and medicine. Leszek Wojnar 
systematized the theoretical basis of quantitative fracto-
graphy, introduced an analysis of overlaps interpreted 
as secondary cracks, and demonstrated their role in 
the cracking process (Wojnar, 1990, Wojnar, 1992). 
He definitely polemicized with stereology guru Pro-
fessor Ervin E. Underwood on the upper bound of the 
degree of expansion of the surface from the expan-
sion of the crack profile. The dispute ended with a 
private letter from Professor Underwood to Leszek 
Wojnar, in which he wrote, "Our computer simula-
tions have shown that you may be right". Wojnar 
always pointed to the strong links between stereology 
and image analysis, even before the Image Analysis 
and Stereology Journal and The International Society 
for Stereology and Image Analysis changed their 
names accordingly. His US-published book entitled 
Image analysis. Applications in materials engineering 
(Wojnar, 1999) was the first in the world to describe 
precisely the algorithms of analysis. In other words, it 
was something like a cookbook: other items related to 
image analysis were described as if they were indi-
vidual vegetables, meat, and seasonings. Through his 
activities, he contributed to the popularization of 
computer image analysis in the field of material 
science, biology and medicine (Gadek et al., 2006, 
Latala et al., 2010, Latala and Wojnar, 2001) Docto-
rates of Professor Wojnar developed new methods in 
their theses for assessing medical images with stereo-
logical methods, i.e.: Zbigniew Latała’s dissertation 
(Latała, 2002) concerned the application of computer 
image analysis in ultrasound examination of the heart. 
Aneta Gądek-Moszczak developed a new method for 
quantitative assessment of bone regeneration using 

the Ilizarov method (Gadek-Moszczak et al., 2015, 
Gądek, 2005). Dariusz Karpisz proposed a new 
biometrical method based on X-ray analysis of the 
frontal sinus shape (Karpisz, 2008). 

Quantitative microstructure analysis and industrial 
applications of stereology have been developed by a 
large group at Silesian University of Technology with 
Adolf Maciejny, Jan Cwajna, Janusz Szala, Marian 
Maliński and Jacek Chrapoński. Jan Cwajna is explo-
ring the topic of theoretical stereology, non-homoge-
neity quantification, and quantitative fractography 
(Cwajna, 1994, Cwajna, 2005, Cwajna et al., 1997, 
Stach et al., 2005a). Image analysis algorithms are 
the specialty of Janusz Szala, who developed software 
called Met-Ilo for image processing and analysis 
(Szala, 2003a; b). Marian Maliński and Jacek 
Chrapoński deal with computer simulation and ste-
reological relations (Gawdzinska and Malinski, 2005, 
Maliński and Chrapoński, 1997, Maliński and 
Chrapoński, 2008). Marian Maliński’s handbook: 
Computer-aided verification of statistical hypotheses 
(in polish) is a highly valued student guide to statis-
tical issues in research (Maliński, 2004). Nearby, at 
the University of Silesia, Jan Cybo and Sebastian 
Stach have worked on fractal and multifractal ana-
lysis of surfaces and microstructures (Stach et al., 
2005b, Stach et al., 2014). 

The stereological community associated with 
Krzysztof Kurzydłowski at Warsaw University of 
Technology deals with the application of stereology 
in the development of quantitative structure-property 
relationships for various materials, computer simula-
tions of structural changes, and analysis of grain 
growth processes. In 1995, Kurzydłowski and Brian 
Ralph published A quantitative description of the 
microstructure of material (Kurzydłowski and Ralph 
1995). PhD students of Krzysztof Kurzydłowski 
including Janusz Bucki, Krzysztof Rożniatowski 
inspired by their thesis supervisor developed appli-
cation of stereological methods for quantitative asses-
sment of materials microstructure in their PhD thesis. 
Krzysztof Rożniatowski in habilitation dissertations 
focused on the issue of inhomogeneity characteriza-
tion of the structural elements in multiphase materials 
(Rożniatowski, 2008).  

The image analysis and stereology has also been 
extended to research activities related with modeling 
of 3D microstructure (Wejrzanowski et al., 2017) and 
quantitative structure-property relationships (Skibinski 
et al., 2015, Wejrzanowski et al., 2016) in engineering 
materials. This domain is mostly explored by newest 
generation of stereologists at Warsaw University of 
Technology and in particular by Tomasz Wejrzanowski. 
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These three centres in Krakow, Katowice, and 
Warsaw work in close cooperation, which resulted in 
the publication of a chapter in the ASTM handbook 
Quantitative Image Analysis (Wojnar et al., 2004) 
and a book, Practice of image analysis by Leszek 
Wojnar, Janusz Szala and Krzysztof Kurzydłowski 
(Wojnar et al., 2002). This book is appreciated by 
students for its accessible style and interesting pre-
sentation of typical and unusual image analysis prob-
lems and examples of solutions. 

At Czestochowa Technical University, the group 
of Stefania Stachurowa and Leopold Jeziorski are in-
vestigating the use of stereological methods to describe 
metal microstructures (Golanski et al., 2017, Lis et 
al., 1977, Stachura, 1995).  

In Lublin at Institute of Agrophysics, Krystyna 
Konstankiewicz and Henryk Czachor have developed 
and applied stereological methods to agricultural 
sciences. 

POLISH SOCIETY FOR 
STEREOLOGY (1988 - ) 

The official date of the establishment of the Polish 
Stereological Society in 1988 was just a formal step 
that allowed the creation of a space to exchange ideas 
and experiences related to the easier and more syste-
matic development and use of stereological tools. The 
Society gathers people with similar interests, thus 
allowing them to support each other and facilitate an 
exchange of knowledge between scientific centres in 
Poland and abroad through simple and natural acti-
vities such as the sharing of world literature on stereo-
logy and its application. When the world was divided 
by the Iron Curtain, the exchange of knowledge was a 
significant problem that is difficult to imagine for the 
current internet-savvy generation.  

In 1988, a group of enthusiasts created a formal 
space for the exchange of knowledge, experience, new 
ideas, cooperation in the field of stereology, and its 
application in materials science, biology, and medicine. 
Thanks to this initiative, which was launched at the 
2nd Conference on Stereology in Materials Science, 
this idea came to fruition in the autumn of 1988. The 
first president of the Polish Society for Stereology was 
Jakub Bodziony. Vice president for the application of 
stereology in material science was Jerzy Ryś; vice 
president for the application of stereology in biology 
and medicine was Edward Waniewski of the Military 
Medical Academy in Warsaw. The function of secretary 

was fulfilled by Leszek Wojnar from Krakow Uni-
versity of Technology; the treasurer was Kazimierz 
Satora from AGH University of Science and Techno-
logy. Other members of the Board of Society were 
Jan Cwajna from Silesian University of Technology, 
Elżbieta Kaczmarek from the Medical Academy in 
Poznań, and Jacek Kordek from AGH University of 
Science and Technology. It is worth emphasizing that 
Kazimierz Satora (as treasurer) and Leszek Wojnar 
are still active members of the board.  

The goal of the Society, as defined in its statute, 
is supporting, developing, and popularizing scientific, 
technical, educational and activities in field of stereo-
logy, as a discipline of science that deals with the 
study and processing of information derived from 
images. Since the very first meeting, the workshops 
and conferences organized by the Society have been 
very important events not only for all members, but 
also for others dealing with stereology and its appli-
cations. The STERMAT series of Conferences 
(STEReology in MATerials) that is held usually 
every 4 years is the most important event for the Society 
as it allows international participants to present and 
dissect actual achievements. The last was held in 
2016. STERMAT was begun in 1983 as a Conference 
of Stereology in Material Science. Since 1990, the 
official language of the conference has been English 
and its name was changed in response to a suggestion 
by Jean-Luis Chermant. The STERMAT conference 
hosts participants from all over the world, including 
Ervine Underwood, Jean Serra, Ivan Saxl, Hans 
Jørgen G. Gundersen, Dominique Jeulin, Jean-Louis 
Chermant, Victor Benes, Brian Ralph, George Vander 
Voort and many, many other international scholars 
(Figs. 11–13). The last Conference of STERMAT series 
was held in 2016, in Białka Tatrzańska and gave a 
chance to exchange the know-ledge and experiences 
from application of stereology in material science 
field the numerous participants from Poland, Czech 
Republic, Slovakia, Germany, United’s States and 
even from Brazil. 

Another very important activity of the Society is 
the Autumn Workshops on Stereology and Image 
Analysis that are traditionally held almost every year 
in Zakopane (Fig. 14). At these workshops, young 
scientists give presentations on current research, 
doctoral thesis topics, or independent attempts to deal 
with the issues associated with stereology and image 
analysis. It is also a great opportunity to discuss in a 
friendly atmosphere problems encountered during 
dissertations with older, more experienced colleagues.  
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Fig. 11. Participants of Conference: Stereology in Materials Science - STERMAT 90" Szczyrk 1990. 

 

 
Fig. 12. During opening ceremony Stermat2000 in 
medieval Collegium Maius, from the left: Mariusz 
Młynarczuk, Jean Serra, Jakub Bodziony. 

 
Fig. 13. Jean-Luis Chermant, Stermat 2000. 

 
Fig. 14. Autumn Workshop in Zakopane, 2002 (first 
row – George Vander Voort, Jerzy Ryś). 

 

Last Workshop devoted Stereology an Image 
Analysis was held in Białka Tatrzańska in 19-21th of 
April 2015. Because the workshop took place in 
spring, the name was changed to Spring Workshop, 
but this event is obviously continuation of the 
Autumn Workshop. During 2 days participants had 
an opportunity to listen the lectures of Leszek Wojnar 
on “Principles of stereology” (Figs. 15 and 17) and 
Janusz Szala on “Principles of Image Analysis” (Fig. 
16). Jacek Chrapoński in his lecture introduced 
participants into issues of modern stereology: “Selected 
methods of modern stereology”. Marian Maliński pre-
sented lecture “On (in) correct analysis of test results”. 
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Fig. 15. Leszek Wojnar on Spring Workshop on Stereo-
logy and Image Analysis, 2015. 

 

 
Fig. 16. Janusz Szala on Spring Workshop on Stereo-
logy and Image Analysis, 2015. 

 

 
Fig. 17. Participants of the Spring Workshops on 
Stereology and Image Analysis, 2015. 

 

Polish Society for Stereology activists for the 
promotion of stereology include patronage of training 
for industrial customers, held by DCOSBIM Tech-
nical-Training Office. 

CONCLUSIONS 

This brief review of the history of stereology in 
Poland has shown that the first attempts to develop 
quantitative descriptions of objects in images date 
back to the 1930s. Over the years, many prominent 
scientists have contributed to the development and 
dissemination of stereological methods. 

Nowadays, when tools for computer image analysis 
allow fully automated measurements, we might notice 
a decrease in awareness of the methods used, which 
might in turn lead to improper use. Another problem 
resulting from insufficient knowledge of stereology is 
the difficulty in solving non-standard issues that do not 
have a ready-made analysis algorithm in software. 

Some say that stereology is an outdated science 
that is no longer used because there is no need to 
describe objects and the structure of materials on the 
basis of cross-sections or projections, because com-
puted microtomography is now widely applied for 
visualization of the internal structure of objects,. 

However, even modern techniques such as com-
puted microtomography have their limitations due to 
technical constraints such as the physical phenomena 
that allow images of the study object to be created, 
the size of the examined object, the spatial resolution 
obtained, and the relatively high cost of a single test. 

In routine quality control tests of manufactured 
materials or components, microscopic methods are 
still used to provide images of flat sections of 
analysed objects. Computed microtomography is an 
excellent way to obtain three-dimensional images of 
the real inner structure of tested objects. However, X-
ray images show objects that are quite significantly 
different in terms of X-ray absorption coefficient. If a 
test material consists of elements with similar coef-
ficients, their detection and analysis can be very 
difficult or practically impossible. It is possible to 
obtain images with a voxel size less than micrometer, 
but 1 nanometer is still impossible; for accurate 
material analysis this is not sufficient and certainly 
not a substitute for SEM or TEM studies. 

Despite the long history of stereology, the authors 
are of the opinion that it has not aged; therefore, the 
need to popularize it and its wide application is still 
valid. 
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