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gabriela.jezkova.petru@vsem.cz

Uvod

Vzdélavani zaméstnancli v organizacich pfed-
stavuje mozny ndastroj, kterym zaméstnavatelé
formuji kompetence a rozvijeji potencidl svych
zaméstnancu. Jednd se o systematicky proces
zmény pracovniho chovani, Grovné kompetenci
(znalosti, schopnosti, dovednosti) véetné moti-
vace zaméstnancu organizace (Urbancovd et al,,
2018), kterym se napomdhd ke sniZeni rozdilu
mezi subjektivni kvalifikaci (schopnosti konat
a kompetence vyuzit pro splnéni cilii organizace)
a objektivni kvalifikaci (dosazené vzdélani a po-
zadavky na zaméstnance kladené). Vzdélavaci ak-
tivity, které mohou organizace vyuzit, jsou bud’
na pracovisti ¢i mimo pracoviste.

V organizacich, které kladou diiraz na vzdeé-
lavéni a rozvoj svych zaméstnanca jsou vytva-
feny strategické plany vzdélavani, které musi
byt v souladu se strategii celé organizace a na-
stavenou persondlni politikou (Lorincova et al.,
2018; Wrobel-Lachowska et al., 2018; Stankie-
wicz-Mréz, 2020). Z téchto strategickych pla-
nu dale vyplyvaji vzdélavaci a rozvojové plany,
které by mély respektovat diference podle za-
méstnaneckych skupin a podle pracovnich po-
zic a individudlnich potfeb zaméstnancua. Cilem
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Clanku je kategorizovat organizace dle vzdé-
lavacich metod, které vyuzivaji ke vzdélavani
a rozvoji svych zaméstnanca.

Struktura ¢ldnku je koncipovdna tak, Ze
v prvni kapitole nazvané teoreticka vychodiska
je zpracovan detailni popis teoretického ram-
ce, nastinény jsou rovnéz mezery v soucasném
vyzkumu. Kapitola metodika popisuje pouzité
vyzkumné metody. Ziskané vysledky a jejich
interpretace jsou zahrnuty v kapitole vysledky,
kde je vyhodnocen cil prace. V zdvéru prace
jsou shrnuta doporuceni vyplyvajici z vysledkt
vyzkumu.

1 Teoreticka wychodiska prace

Abele a Spurk (2009) se ve své studii vénuji
dlouhodobému dopadu efektivnosti sebevzdéla-
vani a kariérnich cila na objektivni a subjektiv-
ni kariérni dspéch (Abele, Spurk, 2009). Klug
a Hausberger (2009) navic uvadéji, ze motivace
ke vzdélavani pracovnikl souvisi s participaci
pracovnikli na pristupu organizace k pldno-
vanym vzdélavacim akcim (Klug, Hausber-
ger, 2009). Cilem kazdé organizace je inovovat
vzdélavani tak, aby bylo co nejefektivnéjsi. Mi-
trofanova (2020) uvadi, ze mezi nejvyznamnéjsi
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otdzky, které si organizace ma polozit, patii jaké
jsou pozadavky na kvalifikaci, jaky potencidl ma
vzdélavaci systém a jaka jsou rizika vzdélavaciho
systému nebo strategie nastavené v organizaci
(Mitrofanova, Simonova, Tarasenko, 2020). Mi-
trofanova (2020) ve své studii ddle uvadi, ze di-
gitalizace vzdélavani méni rovnéZ management
vzdélavacich organizaci, kde jsou na pracovniky
kladeny jiné pozadavky a kompetence (Mitrofa-
nova, Simonova, Tarasenko, 2020). V soucasné
dobé se dostavaji do popiedi metody vyuzivajici
internet a digitdlni technologie. Jejich vyhody
jsou predevsim v dostupnosti a Casové flexibili-
té. Mezi metody vzdélavani se fadi tyto metody:
metoda sebevzdéldvani, jakoZto soucdst vyuko-
vého procesu a jako zdklad pfedavani znalosti
(Dmitrieva et al., 2019), metoda video uceni, mezi
které patfi i videokonference, je oznacovdna
za metodu, kterd ma vyznamny vliv na ¢asovou
naro¢nost uceni, prabéh uceni, ziskdni schop-
nosti a rovnéz i na miru spokojenosti zaméstnan-
ce (Zakharova et al., 2017). Metoda mentoringu
v sobé rovnéz skryva prenos zkuSenosti a zna-
losti z jednoho ¢lovéka na druhého, zpravidla
ze zkusenéjsitho - student - novy student, tu-
tor - student. V tomto smyslu jej vnima i Torri-
ente et al. (2020) ve své studii, kterd se zaméruje
na strategie koucinku a mentoringu (Torriente
et al., 2020). Azouzi (2018) zdlraznuje, ze v sou-
Casné dobé muzeme pozorovat predevsim vy-
uzivani internetu se vSemi jeho rtznorodymi
funkcemi jako je e-mail, webové stranky, féra,
LMS, které jsou podporou pro vyuku a uceni.
Nicméné upozornuje rovnéz na to, ze tyto meto-
dy pozaduji specidlni hardware a software a ne
kazda organizace si muze takové naklady dovo-
lit (Azouzi, Ayachi Ghannouchi, Brahmi, 2020).
Metoda e - learningu patfi mezi metody, které
se nejvice rozvijeji a celkové ma dopad na obraz
celého vyukového systému. Této metodé se vénu-

je fada studii, které zkoumaji nejnovéjsi nastroje
na trhu, které mohou byt adaptovany na mobil-
ni telefony a tablety. Zahrnuji rtizné simulace,
kvizy, interakce, vytvareni prezentaci a profe-
siondlni rozvoj kompetenci (Hrmo et al., 2020).
Efektivnosti e-learningu se zabyvd ve studii
i Rouhani (2018), ktery se zaméfuje na dostup-
nost, asovou nakladnost, pristupnost a zvladnu-
telnost této metody (Rouhani, Gholizadeh, 2018).
Mobilni technologie pfedstavuji novou technolo-
gii, kterda umozinuje zvySovat efektivitu vyukové-
ho procesu a zvySujici se mirou se stdvaji Cdsti
vzdélavani predevsim pro ty, ktefi studuji nebo
vyucuji ve skolicich institucich a $kolach (Safie et
al., 2018). Narust digitalizace a vysledky uvede-
nych vyzkumu dokazuji zvySujici se miru vyuziti
digitalnich metod vzdélavani.

V souvislosti s identifikaci vzdéldvacich
potfeb a vybéru vzdélavaci metody je nutné
zdlraznit specifické vychozi vzdéldni kazdé-
ho zameéstnance, implementaci jeho znalosti
a zkuSenosti do praxe a ddle ndvaznost dalsiho
vzdélavani. Behtere et al. (2016) a Quezada-
-Sarmiento, Enciso, Conde (2020) se ve svych
Clancich zabyvaji vazbou mezi tercidlnim a dal-
$im vzdélavanim, resp. managementem dalsiho
vzdélavani a nutnosti zajistit propojeni mezi
témito dvéma procesy (Bethere et al, 2016;
Quezada-Sarmiento, Enciso, Conde, 2020). Vy-
sledky vyzkumu rovnéz ukazuji na prokdzanou
spojitost mezi rozvojem zaméstnancu a jejich
loajalitou vci organizaci, v niz pracuji, pra-
covnim vykonem a odpovédnosti zaméstnan-
ct (Urbancovd, Vnouckovd, 2018). Organizace
implementuji vzdélavaci programy do svych
strategii s cilem zapojit efektivnéji zaméstnan-
ce a zvysit sdileni znalosti a zkuSenosti na pra-
covisti (Al-Kurdi, El-Haddadeh, Eldabi, 2020).
Organizace voli vzdélavaci metody na zdkladé
identifikace potreb dalsiho vzdélavani, které
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probihd na zdkladé analyzy kvalifikacnich po-
tfeb v organizaci a predevsim s ohledem na bu-
douci pozadavky. Ty jsou mimo jiné zavislé
na vyvoji poptavky po sluzbach, miry fluktuace
pracovniki a ndkladech, které musi organiza-
ce na vzdélavani vynalozit. V soucasné dobé je
tendence vyuzivat moderni metody vzdélavani
pracovnikll, jako jsou sebevzdélavani a e-lear-
ning. Vzdélavaci akce mohou byt realizovany
bud’ pfimo v organizaci (mentoring, koucing,
rotace na pracovisti, prdce na projektech, vi-
deokonference) nebo mimo organizaci (outdoor
learning /training, konference, prednasky, staz
na zahraniéni pobocce). Z Casového pohledu
se muze jednat o jednorazové nebo navazujici
akce ¢i cyklus seminaid, z hlediska zaméreni
pak na Uzce nebo Siroce zaméfené téma. Cilem
vzdélavani je ziskat informace, rozsitit si védo-
mosti, ziskat nové kompetence nebo dovednos-
ti, naucit se nové pracovni postupy. Tento vycet
reflektuje nejcastéji nabizené metody vzdélava-
ni. Digitalizace méni cile, principy, prostfedky
i metody vyukovych procest, véetné kontrol-
nich néstroju (Makarov, Sevastyanova, 2020).

Karim (2018) se ve svych vyzkumech zabyva
principy profesiondlniho hodnoceni a zduraz-
nuje, Ze pochopeni a pouzivani vsech princip
musi byt aplikovano korektné. Pochopeni téch-
to principt prispivd ke spravnému rozhodnuti,
zda je vzdélavani pro organizaci vyznamné (Ka-
rim et al., 2018). Urbancova ve své studii defino-
vala na zdkladé vysledki vyzkumu 4 pristupy
organizaci k pouzivini vzdélavacich metod
a 2 zpuasoby hodnoceni vzdélavacitho proce-
su (Urbancova et al., 2018). Z vyse uvedeného
vyplyvd, Ze vzdéldvani a rozvoj je dulezitou
tématikou a je nutné se jim z tohoto davodu vé-
novat. Proto se cil prace zaméfuje na problema-
tiku kategorizace organizaci dle jejich p¥istupu
ke vzdélavani a rozvoji zaméstnancu.
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2 Metody a materialy
V praci byly pouzity metody analyzy, primarni
a sekunddrni zdroje byly analyzovany pomo-
ci syntézy, idndukce, dedukce a komparovany.
Kvantitativni data byla ziskdna prostrednictvim
kvantititativniho vyzkumu, ktery byl proveden
metodou dotaznikového Setieni (n = 207; kvétni
vybér). Vysledky je mozné generalizovat pouze
pro tento kontrolni vzorek. Celkem bylo rozesla-
no 860 dotazniku prostfednictvim e-mailu majite-
lim organizaci nebo vykonnému managementu.
Zpét bylo obdrzeno 207 dotazniku, tj. 24,06 %.
Vzorek byl ziskdn prostrednictvim databdze orga-
nizaci Albertina, kterd obsahuje dilezitd data vice
nez 2 700 000 organizaci registrovanych v Ceské
republice. Dotaznik byl zodpovézen bud cleny
managementu firem nebo, v pfipadé mensich
organizaci, pfimo jejich vlastniky (tudiz respon-
denti odpovidaji pozadovanému vzorku a jejich
odpovédi reflektuji pohled vedoucich pracovnika,
manazeru a vlastnikt). Dotaznik respektuje etic-
ké standardy a zarucuje anonymitu respondentt.
Dotaznik byl sestaven tak, aby dodrzoval eticka
pravidla a pozadavky na zachovdni anonymity.
Obsahuje celkem 18 otdzek: 13 identifikacnich
otdzek a 5 vyzkumnych otazek. Otdzky byly jak
uzavieného charakteru (umoznujicich pouze
1 odpovéd’), tak nabizejici vice moznosti.
Struktura organizaci byla nasledujici: 81,6 %
pusobila v soukromém sektoru, 18,4% puso-
bila ve vefejném sektoru. Z celkového poctu
organizaci se 45,4% organizaci pohybovalo
na globdlnim trhu, 27,5% na ndrodnim trhu.
Na regiondlni tirovni pasobilo 14,5 % organizaci,
na lokdlnim trhu bylo aktivnich 12,6 %. Ze sou-
kromych organizaci bylo 44,9% soucdsti vétsi
skupiny organizaci, z vefejného sektoru Cinil
tento pocet 55,1% z celkového poctu. Soukro-
mé organaizace disponovaly v 54,6 % zfizenym
HR oddélenim, z vefejného sektoru cinilo toto
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procento 45,4% z celkového poctu. Organizace
se liSily po¢tem zaméstnancd, kdy nejvétsi podil
29,5% organizaci mélo pocet zaméstnanct nad
250, pocet zaméstnanct 10-49 mélo 26,1% za-
méstnanctli, pocet 50-249 mélo 23,2 % organiza-
ci a poCet 1-9 mélo 21,3 % organizaci.

K identifikovani vzdjemnych vztaht mezi
proménnymi bylo v ndvaznosti na metody de-
skriptivni statistiky pouzito metody faktorové
analyzy. Stanoveni mensiho poctu latentnich
proménnych umoznilo zaznamenat rozptyl po-
zorovanych proménnych. Po provedeni korelac-
ni analyzy a analyzy hlavnich komponent bylo
pouzito metody Varimu a Kaiser-Guttmanova
pravidla pro vybér podstatnych faktort podle
Andersona (2013). Data byla zpracovdna pou-
ze v piipadé, kdy hodnota podstatného faktoru
byla vétsi nez 1. Hodnota presahujici 0,3 byla
povazovdna za vyznamnou. K vyhodnoceni
bylo pouzito statistického softwaru IBM SPSS
Statistics 24.

3 Vysledky

Pro vyhodnoceni vysledkti dotaznikového Setfeni
byla vyuzita vicerozmérna statistika a aplikovana
faktorovd analyza. Cilem bylo zjistit, jaké kom-
binace metod vzdélavani zkoumané organizace
vyuzivaji. Za timto tcelem byly identifikovdny
celkem 3 faktory, které vysvétluji témér 54 % cho-
vani zkoumaného vzorku (viz Tab. 1).

Tab. 1)
Faktorovd analyza vybrangch proménngch jaké
metody vzdéldvani organizace vyuZivaji

Celkové %
variance

Hodnota

Faktor | 5l AP
varianci v %

i varianci celkem |

1 3,731 33,822 33,922
2 1135 10,315 44,237
3 1033 9,390 53,627

Zdroj: vlastni vyzkum

Prvni faktor seskupuje proménné (vyuziva-
né vzdélavaci metody) sebevzdélavani (0,736),
Internet (0,625), elearning (0,485) a odborné
prednasky (0,742), ptiCemz tento faktor vysvét-
luje témeéf 40% chovani vzorku (viz Tab. 2).
Hodnoty koeficientd u prvniho z faktort se
pohybuji od 0,485-0,742, coz je silna zavislost.
Prvni faktor je nazvan ,Seberozvoj“.

Druhy faktor, nazvany ,Interni rozvoj za-
méstnanca“ vysvétluje téméf¥ 11% chovani
zkoumaného vzorku a je tvofen proménnymi
outdoor learning/training (0,731), koucovani
(0,649), mentoring (0,646) a videokonference
(0,477).

Treti faktor, nazvany ,ZvySovani zkuSe-
nosti“ vysvétlujici cca 10% cilového chovani
zahrnuje proménné stiz v zahrani¢ni poboé-
ce (0,732), rotaci na pracovisti (0,659) a praci
na projektech (0,542).

Statisticky nejvyznamnéjsi je faktor 1, na-
zvany ,Seberozvoj“, ktery vysvétluje chovdni
34% organizaci. V tomto pfFipadé jsou vysvét-
leny proménné odborné prednasky, sebevzdé-
lavani, internet a e-learning. Tyto metody se
vyznacuji uritymi vyhodami a nevyhodami, kte-
ré jsou predmétem mnoha vyzkuma. Vyhodou
odbornych predndSek je velmi tzké zaméreni
tématu, pritomnost prednasejici osoby a moz-
na diskuze. Mezi nevyhody patii zejména hod-
noceni efektivity vzdélavini a realizace mimo
organizaci. U dalSich tfi proménnych - sebe-
vzdélavani, internet a elearning lze uvést jako
vyhodu casovou flexibilitu, nebot™ realizace re-
flektuje p¥imo pozadavky ulici se osoby, dile
je to dostupnost a komfortnost. Mezi nevyhody
fadime pfedevsim nepfitomnost pedagoga a ob-
tizné hodnoceni efektivity. Soucasné vyzkumy
predpokladaji zvysujici se trend v oblasti vyu-
ziti e-learningu a internetovych metod vyuky
(Liu, Xue, Li, 2020). Osipovskaja (2020) na za-
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Tab. 2 »
Detailni vysledky faktorové analjzy

Faktor 1

Proménné - benefity

Faktor 2 Faktor 3

¢ Sebevzdélavani 0736 0298 0149

0086 0,731 0135

0393 0,649 0,080

0284 0,646 0183

0,625 0179 0173

0134 0477 0432

 Edearning 0,485 0425 0307

" Staz v zahranicni pabocce 0134 0096 0,762

: ﬁotace na pracovisti 0,033 0,366 0,659

* Odborné prednasky 0742 0086 0082

! Préce na projektech 0325 0193 0,542

- Celkové v % 33902 : 10315 : 9,390
m#aktor Seberozvoj Interni rozvoj zaméstnancu ZvySovani zkuSenosti

Zdroj: vlastni vyzkum

kladé svého vyzkumu uvddi, Ze novd generace
milenidnt, nazvand digitdlni generace, vykazuje
odlisné pfistupy ve vzdélavani za pouziti prede-
vsim socidlnich siti a internetu a jejich vlivem se
tyto vyukové metody dostdvaji do vzdélavacich
procestt vysokych $kol (Osipovskaya, Miakot-
nikova, 2020). Druhy faktor, ktery vysvétluje
chovani 10,3 % organizaci, nazvany ,Interni roz-
voj zaméstnancu“ operuje s proménnymi Out-
doorlearning/training, koucovani, mentoring
a videokonference. Metoda outdoorlearningu/
trainingu je vyuzivdna predevSim pro zaSko-
lovani novych pracovnikii nebo stdvajicich
pracovnikl na nové pozice. Jednd se o sdileni
pracovni zkuSenosti vedouci k ziskani pozado-
vanych dovednosti a postuptl. Tato metoda rov-
néz je velmi dzce cilena a zaméfena predevsim
na profesni rozvoj (Moreau et al., 2019). Vzdé-
lani prostfednictvim mentoringu a koucovani
je implementovdno na mnoha odbornych pozi-
cich, vyhodou je pfendseni znalosti a zkuSenos-
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ti z osoby mentora nebo kouce na konkrétniho
Clovéka. Metoda mentoringu se uplatiuje i v ob-
lasti zauCovani novych uciteld a vysokoSkol-
skych pracovnikt, kde jak uvddéji Richards
a Sinelnikov (2019) tato metoda umoziuje oka-
mzitou zpétnou vazbu a navic vyzaduje udrzeni
pozornosti od Skolicitho se pracovnika po celou
dobu vyucovaci hodiny nebo kurzu (Richards,
Sinelnikov, 2019). Tteti faktor, kde se hodno-
ty koeficientd pohybuji v rozmezi od 0, 762
do 0,542 se nazyva ,,ZvySovani zkusenosti ope-
ruje s proménnymi stdZ v zahranicni pobocce,
rotace na pracovisti, prace na projektech. Vsech-
ny t¥i vyukové metody se vyznacuji ziskdvinim
zkuSenosti mimo pracovisté. Jednd se o metody,
které vedou k ziskdvani zkuSenosti z jiného pro-
stredi a ndsledného implementovani na stavajici
pracovisté. Tyto metody se vyznacuji spolecnym
pozadavkem na efektivni realizaci a to je peda-
gogickd podpora instituce, kde se vzdélavani re-
alizuje (Kummen, Hodgins, 2019).
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4 Diskuze

Vzdélavani pracovnikt je dlouhodoby strategic-
ky pldn, ktery vyzaduje jak zménu pracovniho
chovani, tak i motivaci zaméstnancu (Fajéikova
et al., 2018). Abele a Spurk (2009) rovnéz uvadi,
Ze motivace ma souvislost s participaci prachov-
nika ke vzdélavani samotnému (Abele, Spurk,
2009). Vzhledem k tomu, Ze zde muzeme pozo-
rovat vztah mezi pracovnikem a managementem
vzdélavani, resp. motivovanym pracovnikem,
je nutné, aby vzdélavaci pliny byly v soula-
du se strategii celé organizace (Lorincovad et
al., 2018). Urbancovéd (2018) déle rozviji vztah
strategie vzdélavani zaméstnancli na uroven
rozvoje miry loajality vici organizaci, kterd pra-
covnikovi vzdélavani umoznuje (Urbancova,
Vnouckovd, 2018). Vysledky vyzkumu poukazu-
ji na dzkou spojitost mezi vychozim vzdélanim
a managementem dalsiho vzdélani (Bethere, Ne-
imane, Usca, 2016). Management dalsiho vzdé-
lavani musi reflektovat i vyvoj ve vzdélavacich
metodach, kde vyzkumy dokazuji posun k me-
toddm vyuzivajici digitalizaci a internet. Digita-
lizace méni cile, principy, prostfedky i metody
vyukovych procest, véetné kontrolnich nastroju
(Makarov, Sevastyanova, 2020).

Metodami hodnoceni se rovnéz zabyvaji dal-
$i vyzkumy (Fajcikovd et al., 2018; Karim et al.,
2018) a rovneéz vysledky predlozené faktorové
analyzy poukazuji na posun ve vyukovych me-
todach smérem k vyuzivani internetu, e-learnin-
gu a sebevzdéldvani.

Vysledky provedeného vyzkumu proka-
zuji velmi silny faktor ,Seberozvoj“, ktery se
shoduje s vysledky vyzkumu Makarova a Se-
vastyanové (2020), ktery rovnéz potvrzuje
nartist novych vyukovych metod a jejich sou-
vislost s identifikaci vzdélavacich potfeb a vliv
na kontrolni ndstroje efektivity vzdélavani,
tuto shodu lze vidét i ve studii Hrma (2020),

ktery se zabyva rozvojem kompetenci pro-
strednictvim identifikovani potfeb vzdélavani
(Makarov, Sevastyanova, 2020; Hrmo et al.,
2020). Cilem clanku bylo kategorizovat orga-
nizace dle vzdélavacich metod, které vyuziva-
ji ke vzdélavani svych zaméstnancu. Za timto
GcCelem byly identifikovany celkem 3 faktory,
které vysvétluji témér 54 % chovdni zkoumané-
ho vzorku.
S ohledem na dosazené vysledky lze suma-
rizovat a navrhnout naslednd doporuceni:
= Zjistovani efektivity vzdélavaciho procesu
a rozvoje zaméstnancu je nutné podporovat
managementem organizace a kodifikovat
v organizacnich dokumentech jako je perso-
nalni strategie Ci pfimo strategie vzdélavani
lidskych zdroja v organizaci, kdy je nutné,
aby metody vyhodnocovani efektivity vzdéla-
véani odpovidaly preferovanym metodam vzdé-
lavéni v konkrétni organizaci. Organizace by
meéla sestavit pldn vyhodnocovani efektivity
vzdeélavani, ktery by korespondoval s prefe-
rovanymi metodami vzdéldvini a umoznil
flexibilnéji a efektivnéji zakomponovat zmény
do planu vzdélavani, které by vedly k poza-
dovanému cili s cilem minimalizovat ndklady
organizace.
= Pii identifikaci vzdélavacich potieb je nutné
postupovat od organiza¢ni trovné pies ty-
movou udrovenl az k urovni individudlni, tedy
ke vzdélavacimu planu kazdého zaméstnance
a s ohledem na celkovou vzdélavaci strategii
volit metody vzdélavani. Identifikace vzdéla-
vaci potfeby je klicovym prvkem v procesu
vzdélavani, resp. v nastaveni cile vzdélavani.
Vhodnd kombinace vzdélavacich metod vede
k efektivnimu dosazeni stanoveného vzdéla-
vaciho planu a méla by odrazet organizacni
strategii, tymovou kulturu a vzdéldvaci potie-
by a cile zaméstnance.
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= Vzhledem k zvySujicimu se vyuzivani novych
metod, které jsou podporovdny internetem
a celkovou digitalizaci, je nutné vytvaret kon-
cepty, které by dostatecné vyhodnocovaly
efektivitu téchto vzdélavacich programu.

5 Zavér

Cilem ¢lanku bylo kategorizovat organizace dle
vzdélavacich metod, které vyuzivaji ke vzdélava-
ni a rozvoji svych zaméstnancu. Vysledky ukazu-
ji, ze kategorizace organizaci dle vzdélavacich
metod, které vyuzivaji ke vzdélavani a rozvoji
svych zaméstnanc(i, pomohla podlozit a zda-
vodnit volbu jednotlivych metod vzdélavani. Vy-
sledky ukdzaly, Ze nejvice vyuzivanou metodou
jsou odborné predndsky, sebevzdélavani, inter-
net a e-learning, které byly prokdziny hodnota-
mi koeficient u prvniho faktoru, nazvaného
»Seberozvoj“. Tento faktor vysvétluje chovani
témer 40 % vzorku organizaci. Druhy faktor ,In-
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terni rozvoj zameéstnanct“ ovliviuje témeér 11 %
vzorku a je tvofen proménnymi outdoor lear-
ning/training, koucovani, mentoring a video-
konference. T¥eti faktor, nazvany ,ZvySovani
zkuSenosti“, ovliviujici témér 10 % vzorku, zahr-
noval proménné stdz v zahranicni pobocce, rota-
ce na pracovisti a prace na projektech. Pfinosem
Clanku v teoretické roviné je v posunuti zkou-
mané problematiky ke kategorizaci organizaci
dle vzdélavacich metod a prozkoumani spojitos-
ti uvedenymi v odbornych ¢lancich. V praktické
roviné je moznd implementace vysledku pro stra-
tegické planovani vzdélavani, zjisténi preference
jednotlivych metod a rovnéz vysledky maji prak-
ticky vyznam pro zjistovani efektivity vzdélavani.
Limity ¢lanku lze spatfit ve specifiku souboru
organizaci, na kterém byl vyzkum proveden. Dal-
$i vyzkumy by se mély zamérovat na hodnoce-
ni efektivity vzdélavani a vztah mezi vychozim
vzdéldnim a managementem dalsiho vzdélavani.
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EDUCATION AND DEVELOPMENT OF

EMPLOYEES - CATEGORIZATION OF THE
ORGANIZATIONS ACCORDING TO THE EDUCATION
DEMANDS

PhDr. Gabriela Jezkova Petru

ABSTRACT

Education programs have to be in correspondence with new modern trends of education.
Organisations have to use educational methods according to the needs of employees. The paper is
focused on the educational methods and their combination. The aim of the paper is to categorise
organisations according to educational methods and determine their combination. Educational
programs are set up according to the strateqy of the organisation and according fto the aims of
education. The data was obtained through a quantitative survey, i.e. questionnaire, among
organisations in the Czech Republic (n=207). The results show that the most often used methods
of education of employees are self-education, lecture, internet and e-learning. The conclusions
are based on the results of factor analysis. These results show that the right combination of
education methods leads to higher efficiency of education. Education has to be a part of the
education strategy of the organisation. The evaluation of education has to be in harmony with
the organisation, team and personal aims. The identification of education has to be focused on
personal aims. Increasing trends to use new digital methods lead to creating new evaluation
methods of efficiency.
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Education, development, employee, competitive advantage, organization, research.
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Uvod

Cyklické kolisani hospodarskych aktivit bylo
poprvé zaregistrovano v 1. poloviné 19. stoleti,
kdy britsky primysl zaznamenal vyrazné pokle-
sy v letech 1825 a 1836, ptricemz dalsi pokles
(1846) uz se dokonce neomezoval pouze na brit-
ské ostrovy, ale v nasledujicim roce 1847 se prelil
i do kontinentdlni Evropy. Jako prvni novy feno-
mén postiehl a popsal C. Juglar (1862), podle né-
hoz se dnes také tento typ cyklu nazyva.

Pokusy o védecké objasnéni fenoménu
jsou vsak mnohem mladsiho data, pfiCemz ten
nejstarsi vychdzel z empiricky napozorované
jedendctileté periody. W. S. Jevons se v pra-
ci ,Investigations in Currency and Finance“
(1884) toto kolisani pokusil objasnit na zdkladé
zmén slunecni aktivity. Zdkladni myslenka spo-
Civa v tom, ze slunecni aktivita ovliviiuje pocasi
na Zemi, to ma ndsledné dopad na urodu v ze-
médélstvi, ¢imz kolisaji prijmy zemédélct a tim
i jejich poptidvka po prumyslovych vyrobcich.
Nejvyraznéjsi slunecni cyklus trvd jedendct let
(pfesnéji teCeno, jedna se o 22 let trvajici tzv.
HaletQiv cyklus, ktery sestavda ze dvou jedendcti-
letych pulcykla s kolisajici aktivitou, avsak opac-
nou polaritou magnetického pole Slunce), coz
byla presné délka intervalu mezi hospodarskymi
krizemi v prvni poloviné 19. stoleti (1825, 1836,
1847).

Postupem doby se stalo takika ctizddosti ka-
zdé nové vznikajici ekonomické Skoly formulovat
svou vlastni teorii hospodarského cyklu. Nicmé-
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né navzdory tomu, ze pii vykladu cyklického
kolisdni mezi sebou soupefi teorie nadvyroby,
podspotieby, riizné koncepce monetarni, keyne-
sidnské a teorie redlného hospodarského cyklu,
tak spolecnym rysem vsech téchto vykladu je, ze
se zabyvaji tzv. stfednédobym cyklem Juglaro-
vym, oznacovanym rovnéz jako cyklus obchodni
¢i pramyslovy. Jenze v pribéhu desetileti byly
empiricky napozorovany i jiné periody, opakujici
se rovnéz cyklicky.

Zatimco strednédoby cyklu je reflektovan
a zkoumdn i tzv. ,ekonomii hlavniho proudu,
jez predstavuje syntézu neoklasiky a keyne-
sianstvi, dalsi cykly, s periodou daleko kratsi
(Kitchinovy s délkou okolo tfi let) nebo naopak
mnohem delsi, zastavaji ponékud stranou pozor-
nosti standardni ekonomie. Cela teorie hospodai-
ského cyklu v dasledku toho ziskava charakter
problémové soucdsti védecké ekonomie, kde je
obtizné dospét k vseobecnému konsensu.

Teorie tzv. dlouhych vin (téZ K-in) neni,
jak jiz bylo fecCeno, soucdsti ekonomie hlavniho
proudu. Hlavnim davodem je fakt, Ze, jak bude
uvedeno déle, od konce 18. stoleti byly identifi-
kovany pouze Ctyfi dlouhé viny (patd je dodnes
predmétem diskusi - viz kapitoly 2 a 3), pFicemz
takto omezeny vzorek neumoziuje provadét
kvantitativni analyzy a vytvaret adekvatni mate-
matické modely, na nichzZ je standardni ekonomie
konstituovdna. Tato skutecnost tudiz brani tomu,
aby se teorie dlouhodobého cyklu mohla stat in-
tegralni soucdsti ekonomie hlavniho proudu.
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Zakladni myslenka teorie dlouhych vin spo-
¢iva ve zduraznéni vlivu technickych a techno-
logickych faktorit na ekonomicky vyvoj, resp.
déjinny proces vubec. Kvalitativné nova techni-
ka a technologie vedou, spolu s mnoha dalSimi
faktory, k postupné transformaci spolecnosti.
Na zéakladé teorie dlouhych vin Ize konstruovat
hypotézy o priblizné padesatileté periodé téch-
to zdsadnich Cciniteli, které se mohou odrizet
i ve vyskytu a charakteru védleénych konflikta,
revolucnich uddlosti apod.

Hlavnimi tvarci koncepce dlouhych vin jsou
N. D. Kondrat’jev a J. A. Schumpeter, ekonomo-
vé, které je obtizné zatfadit do nékteré z tradic-
nich ekonomickych skol.

1 Myslenka dlouhodobého cyklu
Hospoddisky vyvoj neni plynuly a projevuje se
pfi ném cyklické kolisani, v némz se stridaji faze
expanze a kontrakce. Studium dlouhodobych
vykyvl v ekonomické aktivité (sledované napf.
fluktuacemi produktu a predevSim prostiednic-
tvim snadno dostupnych Casovych fad, popisuji-
cich dynamiku cen) poprvé vyznamnéji upoutalo
pozornost ekonomu na pfelomu 19. a 20. stoleti.
Pozdéjsi prace dlouhodobé vykyvy ekonomické
aktivity dokazuji i pomoci Gdaji o pramyslové vy-
robé, rastu ¢i vyvoji HDP. K prukopnik(im zkou-
mani dlouhych vin patfili J. Van Gelderen a S. de
Wolff, ktefi vedle prokdzani existence dlouhych
vln predlozili prvni pokusy o vysvétleni.

Skutecné fundamentdlni pristup zalozeny
na exaktni formulaci teorie dlouhych vin vSak
spadd az do mezivilecného obdobi, a jak uz
bylo zminéno v tvodu, je spojen se jmény Kon-
drat’jeva (v 20. letech minulého stoleti) a zhruba
o desetileti pozdéji Schumpetera. Ten je také au-
torem pojmenovani dlouhych vin jménem svého
predchiidce - Kondratjevovy cykly (z toho i Cas-
to pouzivané zkracené oznaceni K-viny).
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Kondrat’jev zpracoval obsdhly empiricky ma-
teridl tykajici se zmén cen zbozi, kapitdlovych
aroku, mezd, tézby surovin, obratu zahrani¢niho
obchodu, vyroby kovll apod. za obdobi 140 let.
V zdvislosti na tom pak ve 20. letech minulého
stoleti dospél k zavéru o existenci tii ,velkych
konjunkturnich cykla“, viz tabulka 1:

Tabulka 1 »
Kondratjevovo datovdni tzv. ,velkych cyklu

vzestupna faze od obdobi 1787-92 do obdobi 1810-17
sestupna faze od obdabi 1810-17 do obdobi 1844-51
vzestupna faze od obdobi 1844-51 do obdobi 1870-75
sestupna faze od obdabi 1870-75 do obdobi 1890-96

vzestupna féze od obdobi 1890-96 do obdobi 1914-20

Kondratjev pfi formulovani ideje velkych
konjunkturnich cykla sice nepopird vyznam ino-
vaci, ale ve své koncepci dlouhodobého cyklu
preferuje endogenni vysvétleni zaloZené na kapi-
talové investic¢nich p¥iCindch.

Naproti tomu podle Schumpetera (2017) je
pri vykladu dlouhodobého cyklu tieba posta-
vit na pfedni misto divody exogenni, vycha-
zejici z technologickych inovaci nejvyssiho
fddu (Schumpeterovou terminologii hlavni
inovace, v soucasné dobé je preferovin pojem
inovace bazické). Podle Schumpetera jsou ino-
vace v Case rozlozeny nerovnomérné, objevuji
se ve vindch (tzv. shlucich inovaci), ponévadz
pro praktické uplatnéni téchto inovaci musi
byt nejprve vytvofeny adekvatni podminky. Jak-
mile se tak ale stane, tyto inovace se prosazu-
ji lavinovité a dochdzi k zdsadnim prevratim
v oblasti vyrobnich sil. Na zakladé uvedenych
inovacnich shluki pak Schumpeter charakteri-
zuje dlouhé viny jako nejdelsi hospodarské cyk-
ly v kapitalismu.
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Vyznamnym  Schumpeterovym pfinosem
je Casové rozliSeni ekonomickych cykla, kdy
na zdakladé statistické analyzy stanovil délku
tii zdkladnich typu cyklického kolisani a témto
cyklim pak pridal jméno podle jejich objevite-
4. Podle Schumpetera existuji kratkodobé cyk-
ly Kitchinovy s pramérnou délkou 40 meésica,
strednédobé cykly Juglarovy, trvajici cca 7-11
let, a cykly dlouhodobé (Kondratjevovy dlou-
hé vlny) v trvani cca 45-60 let (Schumpeter,
1987). Predstavu o prubéhu jednotlivych cykla
si Ize udélat napt. z jejich popisu, doprovazené-
ho pfislusnym grafickym znazornénim rozdilné
frekvence v Case, ktery uvadéji Savoiu a Manea
(2014).

Schumpeter pritom zdiraznuje sepéti vsech
hospodaiskych cykla - jednotlivé cykly nepro-
bihaji nezavisle na sobé, nybrz spolu vzijemné
interferuji, podobné jako viny fyzikalni. Pokud
budou vSechny tfi cykly ve stejné fizi, zejména
v pripadé krize, 1ze podle Schumpetera (2017)
ocekdvat ,,pohyb s neobvyklou intenzitou.

Toto Schumpeterovo konstatovani plné ko-
responduje rovnicim, popisujicim interference
fyzikdlniho vlnéni. Oznacime-li amplitudy jednot-
livych cykla (Kitchintiv, Juglarav a Kondrat'je-
vlv) y;, ¥, @ 5, potom interferenéni maximum y,,
ma vyslednou amplitudu rovnou:

Yn=Y1t Yyt Y; (1)

To odpovidd vyse zminénému Schumpetero-
vu ,pohybu s neobvyklou intenzitou“. Naopak
interferenéni minimum (s nulovymi efekty cyk-
lického prubéhu) nastava tehdy, jestlize se faze
jednotlivych vin vzdjemné vyrusi, tj. jejich soucet
je roven 0.

Ekonomické procesy se tedy nevyvijeji cyklic-
ky, nybrz multicyklicky. Schumpeter dale uvadi,
ze v historickém vyvoji nalezl na kazdy probéhly
Juglarav cyklus tti celé cykly Kitchinovy, a na ka-
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zdy Kondrat’jevav dlouhodoby cyklus Sest celych
cykll Juglarovych. Schumpeterem empiricky na-
pozorovand interference cyklii vysvétluje velmi
rozdilny prabéh jednotlivych stfednédobych cyk-
Ia Juglarovych, pro ktery az do Schumpeterova
empirického vyzkumu neexistovalo jednoznacné
vysvétleni.

Z uvedené skutecnosti jasné vyplyva, ze sa-
motny prubéh stfednédobého cyklu, jediného,
ktery je reflektovin vSemi ekonomickymi teori-
emi, je velmi proménlivy predevsim v zavislosti
na tom, do jaké fize dlouhodobého cyklu Kon-
drat’jevova pfislusny cyklus JuglarGv pripadne
(podrobnéji viz kapitola 2).

Kondratjev i Schumpeter popsali pouze
tfi dlouhé viny, néasledujici Ctvrtd, jejiz pocatek
je spojovan s 2. svétovou vdlkou, uz probihala
po jejich smrti (sovétsky ekonom Kondratjev se
stal obéti jezovskych Cistek v roce 1938, Schum-
peter zemiel v roce 1950). Pribéh ctvrté viny
popsal teprve nejvyznamnéjsi pokracovatel Kon-
drat’jeva a Schumpetera G. O. Mensch, ktery je
také autorem tzv. sinusoidy dlouhé viny jakoZto
technologického cyklu, jehoz jednotlivé useky
jsou determinovany urCitymi charakteristickymi
jevy v ekonomice. Idedlni prabéh sinusoidy dlou-
hé viny je zndzornén na obr. 1:

Kritiku nékterych ekonomu proti Schumpe-
terovi (Sirtcek, 2016) ohledné neprikaznosti
pricin dlouhodobého cyklu pravé Mensch svou
,sinusoidou dlouhé vilny“ vyvrétil. Logika pra-
béhu dlouhé viny vychazi z toho, ze zpocatku,
priblizné po dobu 20-25 let od zavedeni novych
technologii a technik, inovace tla¢i na prosaze-
ni zdsadnich strukturdlnich zmén. Na zakladé
objevl a jejich masovych aplikaci dochdzi k po-
stupnému vytlaCovani starych firem a starych
odvétvi, nastupuji firmy a odvétvi nova. Postupné
s rozsifovanim vyroby roste zaméstnanost, vzni-
ka i pfrezaméstnanost. Objevuji se investice do ra-
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Obrizek 1)
»Sitnusoida“ dlouhé viny

investice do racionalizace

prezaméstnanost

rozsifeni vyroby

nové firmy

nové technologie

prebytky a odbytové potize

uték k exportu a spekulaci

krize z nezaméstnanosti

Pramen: Prorok, 2012, s. 177

cionalizace. Zemé, jez zvladnou pfechod na nové
technologie, maji moznosti i pro rust mezd a spo-
treby. Regiony Ci zemé, které jsou opozdény, se
ocitaji v nevyhodném postaveni (napf. s nutnosti
akumulovat zdroje potfebné k rozbéhu nového
cyklu na dkor pracujicich).

Postupné vsak dojde k nasyceni trhu, vzniku
prebytkti a odbytovych potizi. Vzestupna cCast
sinusoidy pfechdzi v sestup. Zostfuji se procesy
konkurence a tlaky na mzdy a na dalsi racionali-
zaCni opatfeni, snizuje se zaméstnanost, pricha-
zeji krize a dochazi, kde je to mozné, k hledani
vychodiska v exportu a zejména ve spekulacich.
Socialni smir mizi, zvySuje se i pravdépodobnost
vélek a revolucnich konfliktt. Vychodiskem dal-
stho obratu sinusoidy jsou opét zdsadné nové
technologie, jez po vytvoreni adekvatnich podmi-
nek zvrdti dlouhodoby cyklus znovu do rostouci
faze.

2 Dlouhodobé cykly v historii

Mensch datuje K-cykly takto: 1785-1842 (67 let),
1842-97 (55 let), 1897-1940 (43 roky), 1940-95
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(55 let). Kazdy cyklus je pfitom podle néj charak-
terizovadn jednak klicovym narodohospodafskym
odvétvim ¢i jejich skupinou (uhli a Zelezo v prvni
ving, para a ocel v druhé, chemie a automobily
ve treti a konecné kosmonautika, jaderné zbrané
a pocitaCe ve Ctvrté viné), jednak vedouci zemi
¢i zemémi (podle jednotlivych vin Velkd Brita-
nie, Velkd Britdnie a Némecko, USA a Némecko,
a konecné USA a Japonsko). Menschovy zavéry
ovsem nejsou jinymi teoretiky dlouhodobého
cyklu prijimany nekriticky a bez pripominek, jak
je patrné z tabulky 2.

Z daju je zfejmé, ze dalsi v tabulce uvadéné
autority v oblasti dlouhodobych cykla se s Men-
schem rozchazeji v dataci jednotlivych dlouhych
vln, coz je ovSsem pii délce standardni K-viny
a pouze nékolikaletych odchylkdch v dataci vcel-
ku podruzné.

Mnohem dulezitéjsi jsou naproti tomu rozdil-
né nazory jednotlivych ekonomu k priabéhu paté
viny. Podle Mensche zacal paty cyklus v roce
1995 a predchdzela mu udajné vlna inovaci
roku 1989, pficemz ,desetileti inovaci“ mélo za-
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Tabulka 2 »

Chronologie dlouhgjch vin podle nékterijch autora

dno
poklesu

d vrchol
rastu

: 181017 ¢

poklesu

© 187075 :

vrchol
rdstu

dno
poklesu

chol
rdstu

1914,/20 :

dno
poklesu

1890,/96

vrchol
rastu

1. Kondratjev 1926 1790 1844 /51

© 2 Schumpeter(1939) | 1787 : 1813/14 : 1842/43 : 186970 : 1897,98 : 1924/25 : :

© 3.Dupriez(1978) 1789/92 : 1808/14 : 1846/51 @ 1872,/73 : 189596 : 1920 : 1939/46 . 1974
‘4. Rostow(1980) 1790 : 1815 : 1848 . 1873 . 1896 : 1920 193948 . 1967
5. Mensch (1979) 1785 1818 1842 1870 1897 1920 © 1940 1967
‘B.VanDuin(1983) : - - 1845 1872 1892 1929 1948 1973

Pramen: Van Duijn, 1983, s. 163. Vlastni tipravy

Cit rokem 1984. Hlavni slovo mélo patfit vyrobé
mikroprocesorli, genetickému inzenyrstvi, no-
vym materidldm a zméndm v energetice. Pokud
se tyCe presvédceni, ze V. vlna v soucasné dobé
jiz probihd, resp. Ze pfinejmensim nejvyspélej-
$i ekonomiky svéta do ni jiz vstoupily, autority
uvedené v tabulce 2 s Menschem souhlasi, i kdyz
V. vlnu datuji razné. Uvedeni ekonomové se nic-

Obrazek 2 »

méné shoduji, Ze pokud se svét nachdzi v V. viné,
pak tedy v jeji pocatecni fazi. Existuji vSak i od-
lisné nazory, podle nichz patd vina dodnes neza-
Cala.

Za zcela okrajovou lze naproti tomu povazo-
vat hypotézu Daniela Smihuly (2009), podle né-

1600, a do soucasnosti jich probéhlo Sest.

Tlustrace sledu dlouhijch K-vin v industridlni historii

a lodni
paroplavby

luce (parni stroj,
spradaci stroj,
tkalcovsky stav)

(elektfina, spalovaci
motor, pramyslova
chemie)

1. vlna 2. vlna 3. vlna 4. vlna 5. vlna
1780-1850 1850-1890 1890-1940 1940-2?? 2272
Technologie
dosud
nejistého
druhu
Pramyslovd revo- Vék zeleznic Technickd revoluce Védeckotechnicka

revoluce (jadernd energie,
pocitace, elektronika,
vstup do vesmiru

Pramen: Siracek, 1999, s. 10, vlastni tpravy
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Schematicky mGzZeme ndazory o dosavadnich
Ctytech dlouhych vinich a hypotetické paté viné

znadzornit grafem pripominajicim zuby pily. Po-
sloupnost dosavadnich dlouhych vin znazornuje
obrézek 2:

Kazda dlouhd vina se skladd ze dvou zdklad-
nich fazi priblizné stejnych délek. Jde o etapy
vzestupu (fize rustu, dlouhodobé expanze, tj.
vzestupnd Cast dlouhé viny) a fize poklesu (ob-
dobi dlouhodobé deprese jako sestupna Cast
dlouhé viny). Prislusnd faze dlouhodobého
K-cyklu pfitom determinuje, jak jiz bylo feceno,
prubéh strednédobého cyklu Juglarova.

Vzestupnou fazi tzv. ,dlouhé expanze“ cha-
rakterizuje prosazovani novych technologii, ros-
touci produktivita kapitdlu a rychly rist vyroby,
zaméstnanosti a mezd. Pro vzestupnou etapu
dlouhé viny je v rdmci strednédobého hospodai-
ského cyklu charakteristicky vyvoj, v némz jsou
recese relativné kratké, projevuji se pouze zpoma-
lenim rastu vyroby a jen mensi nezaméstnanosti.
V tomto obdobi prevazuji hospodarsky ,dobré
roky“. Nové technologie umoznuji dosahovat
i vyssich temp rastu potencidlniho produktu.

Sestupna Cast, tzv. ,dlouhd deprese“, vyka-
zuje dlouhodobé klesajici produktivitu kapitdlu
diky staré prezité technice a technologii, kterd
nemuze byt ihned nahrazena novou, a pomalej-
$i tempa rastu vyroby. Dochdzi k nasyceni trhu
novymi produkty a technologiemi, roste kon-
kurence, snizuje se zaméstnanost, mzdy jsou
stlaCovany dola. Kratkodobé poklesy investic
a vyroby v ramci strednédobého hospodérského
cyklu jiz neziidka pfimo vykazuji absolutni po-
kles ve vztahu k pfedchdzejicimu roku a vystu-
puji jako tzv. krize.

Dlouhodobé ptritom dochdzi k vyraznému
zpomaleni rastu vystupu ekonomiky a vzniku
masové nezaméstnanosti. To je spojeno s rustem
arokové miry, kterd v opakujicich se okamzicich
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muze prevySovat miru zisku. V tomto obdobi ob-
vykle prevazuji hospodafsky ,Spatné roky“, coz
je podminéno nizsimi tempy riastu potencidlni-
ho produktu v disledku vyCerpani rozvojovych
moznosti starych technologii. Béhem této faze
soucasneé roste i tlak na akumulaci a investovani
do racionalizace vyroby a do novych, perspek-
tivnich technologii. Hledaji se nové technologie,
zpusoby akumulace, metody fizeni apod.

3 Potize s patou K-vinou

Jestli jiz doSlo k ukonceni IV. dlouhé K-viny,
resp. k nastupu viny paté (zejména v globalnim
meéfitku), kterd byva nejCastéji spojovdna s in-
formacni revoluci, zustdvd zatim nevyfeSenym
problémem teorie dlouhodobych cykld. Ovsem
i kdyby tomu tak jiz opravdu bylo, potom by se
tato patd vlna musela svym prubéhem zdsadné
lisit ode vsech ctyf predchozich.

Zakladni rozpor s dosavadni teorii spociva
v tom, ze vzestupna faze dlouhého cyklu by méla
byt spojena s velmi dynamickym rastem HDP, ne-
ziidka i rastem dvojcifernym. Soucasnd svétova
ekonomika naproti tomu vykazuje rust velmi sla-
by; to je fakt bez ohledu na to, budeme-li véci po-
suzovat optimisticky s tim, Zze zdarma dostupné
statky statisticky vykazovana Cisla podhodnocuji,
anebo pesimisticky na zdkladé toho, Ze po roce
2000 se do HDP zacaly v rozporu s klasickou
definici hrubého domdaciho produktu zapocitavat
odhadované vystupy domdci prace, Sedé ekono-
miky a dokonce ekonomiky ¢erné (!), coz vysled-
ky naopak vylepsuje.

V letech 1995-2008, neboli pfed vypuknutim
svétové financni krize a souCasné v obdobi, kte-
ré je spojovano s hypotetickym pocatkem V. viny,
pokud by tato skutecné jiz probihala, byl podle
Cihelkové globdlni rust v praméru pouhych
2,9 % (Cihelkovd, 2009). To je samo o sobé velmi
slabé, avSak samotna krize z let 2008 a nasl. byla
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navic velice hluboka, a tato skutecnost je ve zfej-
mém rozporu s ocCekdvanou dlouhou expanzi,
jez by méla byt pro nastup nové dlouhé viny ty-
pickd. Pritom ani po roce 2008 to nebylo, jak je
zietelné patrné z obrazku 3, lepsi; ve skutecnosti
z celého 60 let dlouhého obdobi od r. 1960 je po-
slednich dvacet let nejhorsich:

,Pramérné svétové“ tempo ristu je vsak
velice oSidnd kategorie; tento ruast totiz z valné
asti pripadd na konto Ciny, Indie a dalsich ex-
pandujicich ekonomik, zatimco vyvoj zemi tzv.
Zapadu se nebezpecné blizi stagnaci. I pro tuto
skutecnost ma ale teorie dlouhodobych cykl
zdGvodnéni. Dle Mensche (1979) ,stagnace neni
nic jiného, nez nedostatek bazickych inovaci®. Ji-
nymi slovy bez bazickych inovaci neni ani rast.
Tyto inovace se, jak bylo feCeno, vyskytuji nej-
Castéji ve shlucich a tim predznamendvaji novou
vzestupnou fazi K-vlny. Shluky bazickych inovaci
v Case zmapoval Van Duijn (1983).

Dlouhodoby prumér za obdobi 1740-1960
odpovidd péti bazickym inovacim rocné, avSak

Obrazek 3 »
Svetovy rist HDP (v % rocné)

po vétsinu tohoto obdobi bazické inovace ne-
prekracovaly pocet 1-2 za kalenda¥fni rok. Podle
Van Duijna vsak existuji Ctyfi pomérné kratkd
obdobi, jez se z tohoto prubéhu vymykaji. Prvni
nastalo v letech 1760-70 (zacitek pramyslové
revoluce ve Velké Britdnii), kdy se ro¢ni pocet
vyhoupl az na Sest bazickych inovaci, tedy nad
dlouhodoby primeér. Nezda se to mnoho, avSak
je treba si v té souvislosti uvédomit dvé véci. Za-
prvé, primyslova revoluce byla co do odvétvo-
vého dosahu velmi omezend a tykala se ve své
prvni fazi prakticky vyhradné textilniho pramy-
slu. A zadruhé, onen dlouhodoby prumér péti
bazickych inovaci rocné je generovan obdobim
od konce 19. stoleti do soucasnosti, tedy technic-
kou a védeckotechnickou revoluci. Ostatné v pal-
stoleti po roce 1770 poklesly bazické inovace
na jednu jedinou rocné.

Druhy vrchol nastava v desetileti 1830-1840,
béhem néhoz se v diusledku masového rozvoje
zeleznic a ndmorni paroplavby pocet bazickych
inovaci po celych deset let udrzel na poc¢tu osmi

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, J—

=2 mememeeees et LT LT LT LS EECEL L P EL LT EE e T P e

1965 19%0 1575 1480 1485

19;)0 1495 2(;00 2(;05 2010

Pramen: https://data.worldbank.org/indicator/NY.GDP.MKTP.KD.zg.

20

Ekonomické listy 1]2019



rocné. T¥eti, velmi ostry vrchol nastivda kolem

roku 1880 (technickd revoluce), a pocet bazic-

kych inovaci zde dosahuje 19 za rok. A do roku

1970 zatim posledni vrchol nastava v roce 1940

(2. svetova védlka a s ni spojené zahdjeni védec-

kotechnické revoluce, kdy roéni pocet bazickych

inovaci dosahl poctu 20).

Jelikoz Van Duijnova prace byla publikova-
na v roce 1983, nefeSenou otdzkou zustava, jak
se bazické inovace vyvijely od 80. let minulého
stoleti, pficemz v této zdlezitosti se nazory velmi
ruzni. Zatimco néktefi teoretici poukazuji na dy-
namicky rozvoj IT technologii, internet a proces
globalizace jako projev inovaci nejvyssiho fadu,
jini oponuji s tim, Ze se sice nepochybné jedna
o vyznamné inovace vysSich ¥adu (o fddech ino-
vaci viz napf. Valenta, 2001), avsak nikoliv ino-
vace bazické. Mobilni telefony jsou podle téchto
autorit ve vyvoji komunikaci jen dal$im logickym
krokem navazujicim na telefony linkové a radio-
telefony, tablety a smartphony jsou pouze zvlist-
nim druhem pocitaca atd. Jinymi slovy nejedna
se o skutecné revoluéni zménu v oblasti vyrob-
nich sil a procesu.

Odpovéd’ na otazku, pro¢ se patd dlouhd
vlna oproti ostatnim tak opozduje, jestlize ty
predchozi Ctyfi se dostavily v celkem pravidel-
nych intervalech, nebo pro¢ je tak pronikavé
odlisnd od téch predchozich, tudiZ neni jedno-
duchd. Je mozné v té souvislosti pouze vyslovit
hypotézy, které budoucnost bud’'to potvrdi, nebo
vyvrati. V soucasnosti nejvice preferovand vysvét-
leni se koncentruji do ndsledujicich mozZnosti:

1. Teoretické zdvéry Mensche, Rostowa, Van
Duijna a dalSich jsou mylné, zadna pata
K-vlna ve skutecnosti neprobihd a tzv. ,infor-
macni revoluce“ je jen pozdni soucdsti mimo-
fadné dlouhé viny Ctvrté.

2. Patd K-lna opravdu probihd, ale tak jako
v minulosti u predchozich ¢tyf vin, i ta sou-
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Casna se primarné, neli vyhradné tykd téch
stata a regiond, jez v globalnim mé¥itku pred-
vin to byl euro-americky Zapad, kdezto ,zby-
tek svéta“ do znacné miry stagnoval. U sou-
Casné, paté vlny tim ekonomickym piedvojem
jsou zemé jako Cina, Jizni{ Korea, Indie atd.,
zatimco postindustridlni Zapad md svaj vrchol
za sebou a zazivd pozvolny sestup.

Pata vlna probihd, avSak jeji prabéh se
od predchozich Ctyr lisi v tom, Ze tentokrat
neni spojena s zadnou velkou vélkou ¢i jejich
sérif; tyto vilky mély v minulosti vyznamny
dopad na zavddéni modernich technologii
s cilem maximdlniho rozvinuti technického,
ekonomického a v koneéném disledku vo-
jenského potencidlu bojujicich zemi. V pfri-
padé prvni viny to byly napoleonské vilky,
u druhé vilny série revoluci 1847-49 s bez-
prostfedné navazujici vialkou Krymskou (se
zapojenim vétSiny evropskych mocnosti),
a u Ctvrté viny to byla 2. svétova vélka. Vy-
jimku zde zdanlivé predstavuje vilna treti
zaCinajici v zdvéru 19. stoleti, avSak nelze
prehlédnout, ze toto obdobi bylo spojeno
s valkami kolonidlnimi a rozsdhlym zbroje-
nim, vedoucim ve svych duasledcich az k roz-
poutdni 1. svétové védlky. U predchozich vin
tyto valky sice vzdy vedly k masovému nice-
ni, ale pravé proto se zdroven staly pri¢inou
ndasledné masové obnovy, a protoze pri kazdé
vélce dochdzi zdroven i ke znanym politic-
kym prevratim, lze pfedpoklddat, Ze timto
nasilnym zpusobem byly odstranény umélé
spoleCenské prehrady, branici rozvoji osobni
iniciativy ve vyzkumu a podnikani. Soucasnd
patd vlna vsak s zddnou vilkou globédlniho
rozsahu provazana neni, proto i soucasna
tempa riastu neodpovidaji tomu, co bylo ty-

......
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4. V soudobych zapadnich ekonomikach se na-
misto odstranovani ptrekazek branicich roz-
machu osobni iniciativy projevuji ze strany
statnich autorit spiSe snahy o regulaci eko-
nomickych aktivit, a k tomu je tfeba pripodCist
i paranoidni, nékterymi natlakovymi skupi-
nami uméle vytvareny strach z modernich
technologii (jadernd energetika) Ci probiha-
jicich pfirodnich procesu (klimatické zmeé-
ny); z toho vychdzejici politicky motivované
kroky brzdii technicky rozvoj. To vSechno
dohromady potencidl nastupujicich inovaci
oslabuje a podlamuje, takze vysledna tempa
rustu jsou v dasledku toho o dost nizsi, nez
by mohla byt.

5. Davodem pomalého ndstupu paté K-viny
je dramatické zvétSeni hospodaiského pro-
storu, na kterém vzdjemné provizané eko-
nomické procesy probihaji. Prvni vlna se
omezovala vyhradné na evropsky kontinent
a druhd k tomuto prostoru pripojila jesté
uzemi Spojenych stati americkych a Japon-
ska. Na tomto teritoriu pak probéhly i vina
tfeti a v podstaté i ctvrtd, tj. védeckotechnic-
ka revoluce. Avsak od konce druhé svétové
valky se diky rychlé industrializaci fady do té
doby nerozvinutych zemi na ekonomické
periférii (byvalé kolonie Ci zemé formalné sa-
mostatné, aviak silné zaostalé - Korea, Cina,
Indie, Jizni Afrika, nékteré stity Jizni Ameri-
ky atd.) a pod vlivem stale silici globalizace
hospodéfsky prostor nesmirné rozsifil. Zadnd
z predchozich ¢tyf vin pritom takfikajic ,ne-
spadla z nebe“; zmény byly v minulosti vzdy
vyvolany objektivnimi ekonomickymi potie-
bami (zvySovani produktivity vyrobnich fak-
tort pro expandujici trhy), pro néz pritom jiz
byly vytvoreny adekvatni predpoklady v po-
dobé dosazené urovné védeckych poznatki.
Totéz lze samoziejmé ocekdvat i v pripadé
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viny paté, rozdil je ale v tom, Ze industriali-
zace rozvojovych zemi umoznila mnohem
delsi setrvavani u stavajicich technologii, nez
tomu byvalo v minulosti. Nové ,vykriky tech-
niky“ jsou zpocatku vzdy nesmirné nakladné
a komplikované, proto néjaky Cas trvd, nez
se prosadi oproti technologiim jiz zastardva-
jicim. Jestlize se ale starsim, jiz zavedenym
technologiim ndhle otevie novy prostor v ce-
losvétovém méfitku, pak ani firmy v nejvy-
spélejsich zemich nejsou ekonomicky tlaceny
k rychlym inovacim, a to tim spiSe, jestlize,
jak je pravidlem, dochdzi ke stehovani vyroby
do chudsich zemi za levnéjsi pracovni silou.

Body 1-5 predstavuji tzv. ,standardni“ po-
kusy o objasnéni neobvyklého jevu. Pokud by-
chom ale akceptovali nazor vyjadieny v bodu 1,
tj. ze nastup oCekdvané V. vlny zatim lezi v bu-
doucnosti a Ze oddalovani jejiho ndstupu souvisi
s typem ekonomickych Cinnosti, jez se maji stat
hlavni hnaci silou nové ekonomické expanze,
je tfeba se zamyslet nad tim, s jakymi technolo-
giemi a dalSim rozSifovanim trhi mize byt tato
vlna spojena. NejCastéji se ma za to, Ze technolo-
gickym zdkladem pro V. vinu se stanou $pickova
technickd odvétvi vyuzivajici digitalizace a ro-
botizace, tzn. primysl ¢i ekonomika 4.0. Coz je
samoziejmé pravdépodobné, ale problém je v né-
¢em jiném.

Ptedchozi ¢tyfi viny byly vzdy spojené s rozsi-
fovanim a uvolnovanim trha. Prvni vlna, startujici
ve Velké Britanii, podnitila myslenku liberalizace
mezinarodniho obchodu, jez nasla své teoretické
zdavodnéni v dile Adama Smitha. Druhd vina, vy-
voland explozivnim rozmachem Zeleznic a ndmot-
ni paroplavby, vytvofila zarodek svétového trhu,
do néhoz byly zapojeny nejvyspélejsi ekonomiky
své doby. T¥eti vina tento proces jesté prohloubila
tim, Ze do svétového trhu zaclenila i kolonie a za-
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vislé zemé, a konecné Ctvrtd vlna po 2. svétové
valce podnitila vznik nadndrodnich ekonomickych
integraci, myslenku liberalizace trhti prosadila
ve svétovém meéritku a dovedla ji k vytvofeni or-
ganizace GATT, a ve findlnim dasledku dospéla az
do faze tzv. ,globdlni vesnice“. Co by tedy mélo
nastat jako dalsi etapa a jakym dals$im smérem by
se rozSifovani a liberalizace trhi mohly ubirat?
Jinymi slovy, nestane se naSe planeta pro takovy-
to rozvoj vyrobnich sil pFilis tésnou a nevznikne
v souvislosti s pramyslem 4.0 ekonomika presahu-
jici rdmec svétového trhu?

V soucasnosti se se to jesté stile muze jevit
jako scifi, ale skuteCnosti je, Zze dobyvani vesmi-
ru se ve stile vyznamnéjsi mife stivd doménou
soukromych spolec¢nosti, pficemz dosavadni
hlavni hraci na tomto poli, stitni agentury typu
NASA, Roskosmos, CNSA, ESA, JAXA apod., vi-
ditelné vyklizeji pozice. Do popredi se energicky
dere soukromy kapitdl, tedy pravé ten Ccinitel,
ktery byl rozhodujicim faktorem p¥i ndstupu
predchozich dlouhych vin.

Soukromé spoleCnosti pusobici v oblasti
kosmonautiky a v souvisejicich odvétvich se ¢im
dal vice profiluji jako sebevédomé subjekty, usi-
lujici o pfeménu nejprve blizkého, a postupem
doby stile vzdalenéjsiho okoli Zemé ve sféru
soukromych ekonomickych aktivit. Jako p¥iklad
lze uvést aktivity miliarddf Elona Muska (Spa-
ceX), Jeffa Bezose (Blue Origin), Richarda Bran-
sona (Virgin Galactic) a mnoha dalSich. Zdaleka
se vSak nejednd pouze o firmy americké. Mno-
ho kosmickych startupt ma svou domovskou
adresu v Ciné a svou nosnou raketu Electron
do operacniho provozu zavedla dokonce i no-
vozélandskd firma Rocket Lab. V soucasné dobé
se jiz pracuje na vytvareni budoucich vesmirnych
hotelll (firma Bigelow Aerospace) a habitat(i pro
jina télesa Slunecni soustavy (celd fada soukro-
mych ¢&i univerzitnich tyma jako Zopherus, Al

Ekonomicke listy 12018

SpaceFactory, SEArch+Apis Cor aj.). V roce 2019
byly firmou SpaceX rovnéz vypustény prvni de-
sitky umélych druzic pro vybudovani sité ,kos-
mického internetu“ (Starlink), a v pokrocilém
stadiu rozpracovanosti jsou téz aktivity zamé-
fené na tézbu surovin ve vesmiru, napf. spolec-
nosti Planetary Resources nebo Deep Space
Industries, za nimiz opét stoji dolarovi miliardari.

Pficina pomalého ndstupu paté velké viny by
pak mohla spocivat jednoduSe v tom, Ze vyvoj
kosmickych zatizeni (kosmodromy, nosné rakety
a dalsi postupné budovand vesmirnda infrastruk-
tura/architektura) je pro soukromy kapital pre-
ce jenom technicky, ekonomicky a organizacné
priliS§ naro¢ny projekt, rozhodné mnohem na-
roCnéjsi, nez bylo v minulosti zavddéni pary ¢i
elektfiny. Jakmile vsak dojde k p¥ekondani ,po-
rodnich bolesti“, nastane expanze mimoradnych
rozméru.

Které z téchto vysvétleni nejvice odpovida
pravdé, to nepochybné ukdze nepfilis vzdilend
budoucnost a zaroven se tim oteviou moznosti
dalsiho vyzkumu. Otdzky konce IV. a pocdtku
V. K-vlny kazdopddné zustdvaji dosud oteviené.

Zaver

Stavajici chronologie dlouhych vin ukazuje, Ze
od pocéatku prvni pramyslové revoluce probéh-
ly Ctyti dlouhodobé cykly. S ohledem na fakt,
ze tyto dlouhodobé vykyvy nejsou v déjindch
rozlozeny nahodné a maji periodicky charakter,
lze i pres nedostatek empirického materidlu,
nezbytného pro aplikaci kvantitativnich analy-
tickych metod, existenci dlouhodobého cyklu
akceptovat pfinejmensim jako védeckou hypo-
tézu. Pro jeji dalsi rozvoj a postupné ovérovani
Ize rovnéz predbézné pfijmout rozsiteny nazor,
ze tyto dlouhodobé cykly souviseji, resp. jsou
bezprostiedné vyvoldny inovacemi nejvyssiho
fadu, jejichz shluky se objevuji v intervalu okolo
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50-60 let. Nékteré studie naznacuji moznost
nabéhu pitého Kondratjevova dlouhodobého
cyklu, zahdjeného v zdvéru 20. stoleti na zdkla-
dé nové technologické (tj. informacni) revoluce,
avSak tato otdzka je dosud pfedmétem polemik
a pro jeji verifikaci neni k dispozici dostatek vé-
rohodnych dat.

Vsechny diskuse nardzeji na problém, u vy-
soce formalizované, matematizované ekono-
mie hlavniho proudu problém klicovy, kterym
je nedostatek empirického materidlu a dalSich
spolehlivych ddaji za delsi casovy horizont,
neumoznujici vyuziti statistického aparatu, tj.
kvantitativni testovani rtznych hypotéz, jez se
k inovacnim cyklum vztahuji, a vytvoreni ade-
kvétnich matematickych modela.

Dosavadni vzorek obsahuje pouze kratky
usek CGtyf identifikovanych dlouhych vin od dru-
hé poloviny 18. stoleti. Pri takto malém vzorku
nelze existujici rozdily a rozpory mezi jednotlivy-

24

mi pfistupy a pokusy o vysvétleni rozfesit tim, Ze
na né budou aplikovany matematické a statistic-
ké metody; z toho diivodu také celd fada dlouho-
vinnych koncepci nebyla az dosud statistickému
testovani viibec podrobena. Tato skuteCnost pro-
to brani tomu, aby se teorie dlouhodobého cyklu
mohla stat integralni soucasti ekonomie hlavni-
ho proudu.

Samoziejme, analyza nikdy
nemuze zcela nahradit analyzu kvalitativni,
jez je teorii dlouhych vin pouzivina k popisu
zkoumanych jevi. Koncepce dlouhych vin by
proto neméla pod vlivem konjunkturnich ndro-
kit na kvantifikaci sklouzdvat k prilisné a casto

kvantitativni

samoucelné matematizaci a formalizaci a redu-
kovat predmét zkoumani pouze na vytvareni pii-
slusnych teoretickych kvantitativnich modeld.
V tom také spocivd hlavni omezeni, pokud se
tyCe spolehlivého rozpoznani dosud hypotetické
V. dlouhé viny.
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THE LONGEST ECONOMIC CYCLES

RNDr. Ing. Ji¥i Dobrylovsky, Ph.D.

ABSTRACT

Long waves are the longest economic cycle with an approximate length of 50-60 years. The most
important theoreticians of long waves are N.D. Kondratiev and J.A. Schumpeter. Most of the expo-
nents of the long waves theory are convinced about their relationship to innovations of the highest
level. It is generally accepted that 4 full cycles, so called K-waves, have been experienced since the
beginning of the industrial revolution. However, economists differ in the opinion, whether we are
witnessing the beginning of the fifth wave now, or the fifth wave has not started yet. This fifth wave
should be initiated by information technologies, respectively by the so-called economy 4.0. Howev-
er, if the fifth K-wave is already going on, then its course is significantly different from the growth
phase of the previous four waves and there is a question, what caused this. As the previous four
K-waves always led to a significant territorial growth of markets, there is a provocative question,
whether the Earth is not already too small for the awaited fifth wave.
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Introduction

Lehrbuch der Religionswissenschaft (Textbook
on the Science of Religion, Bolzano 1834), the
main object of focus in this article, was published
in Sulzbach anonymously.? The book is predom-
inantly a religious treatise, a “textbook on the
science of religion;” nevertheless, the mathe-
matician in Bolzano can also be found in its
pages. The core of this “mathematical” feature
of Lehrbuch can be found in chapter two of its
part II On the Nature of Historical Knowledge,
Especially as Regards Miracles® in paragraph
15 On the Notion of Probability and its Various
Types.* The notions and formulae from this
paragraph are subsequently used in further parts
of the book. As pointed out by Macdk (1996, p.
39), they can also be seen as Bolzano’s attempt
to counter the ideas expressed in the work of
Scottish mathematician and theologian John
Craig (1699). It must also be noted that, by a
decree of 23 September 1839, this book was
listed in the church Index of Prohibited Books
(Index librorum prohibitorum, 1841, p. 211).

The first chapter of this article consists of
a short biography of Bernard Bolzano (as well
as history and contents of his library in terms
of theory of probability). Chapter two tries to
answer the question why the “probability” part
is included in his Textbook on the Science of
Religion in the first place. Chapter three is the
core of this paper and outlines Bolzano’s ideas
on probability as included in the above-men-
tioned paragraphs of Lehrbuch der Religion-
swissenschaft, chapter four adds several notes
on probability ideas in another Bolzano treatise,
Wissenschaftslehre (Theory of Science, Bolzano
1837). Chapter five points to the treatment of
issues studied by Bolzano in present-day mathe-
matics..

Note that the role of B. Bolazno in prob-
ability calculus has been examined by Berka
(1981, 1981a), Dorn (1987), and Macak (1996,
2005). Dorn (1987) includes Bolzano’s thoughts
on probability from Bolzano (1834) and (1837),
detailed from the perspective of formal logic;
Berka (1981a) devoted his article to Bolzano’s

1) This arf‘icle is drafted as one of the outputs of the Matematika VSEM - Diferencidlni pocet project registered in th
CES VSEM Granting System under registration No. GCES1017. It is a follow-up to Coufal, Brezina (2018).

2 No author is stated in the book; from the outset, however, it was clear that it is a work of Bolzano.

3) Original title in German: Uber die Natur der historischen Erkenntnif, besonders in Hinsicht auf Wunder.

4) Original title in German: Uber den Begriff der Wahrscheinlichkeit und die verschiedenen Artenderselben.
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logic of probability. The texts of Macik (1996,
2005) provide detailed assessment of the prob-
ability calculus in Bolzano (1834) and (1837)
form the perspective of mathematics and this
paper draws heavily on his insights. As for
studies in history of the Theory of Probability,
Bolzano’s thoughts on probability are, to our
knowledge, only covered in one short paragraph
8.3 in Dale’s extensive monograph (Dale, 1999,
p. 314). It features the only mention of Bolzano’s
thoughts on probability in a work devoted to
history of the Theory of Probability. We quote it
in full, although it does not cite at all the treatise
we focus on: “In 1837 Bolzano’s Wissenschaft-
slehre (Bolzano, 1837) appeared. Here the defi-
nition of logical probability proposed by the
author is seen as being in complete agreement
with that given by Laplace and Lacroix, and it
is, moreover, a definition in which probability
is clearly seen as a relation between proposi-
tions. But despite the importance of this book
as a contribution to inductive probability, and
of the discussion of confidence, belief, and
subjective probability to be found here, there
is little that is directly relevant to our present
theme. Indeed, the only pertinent point seems
to be a brief use of the rule of succession in §
379. Here Bolzano states that if the proposition
A has occurred times in cases, the probability
that A is present in a further case is Z—: .“ This
fact is noteworthy as it shows that Bolzano had
good knowledge of some problems dealt with
in contemporary Theory of Probability. Finally,
both philosophical and mathematical notions of
probability are covered in great detail in HykSova
(2011).

The present article draws and builds on the
works of our predecessors and provides further
new views on the issue as outlined. Bolzano’s
intellectual performance is characterized by
mathematical simplicity and austerity, but also
by clarity and great punctuality. Progress is
brought upon by those who always dare to
change anything that is not in order. Among
them, the often-omitted Bernard Bolzano.

1 Bernard Bolzano

Drawing on Bolzano (1836), Berka (1981),
Louzil (1978), Macdk (2005) and the General
Introduction to a recent translation of Wissen-
schaftslehre by P. Rusnock and R. George
(Bolzano 2014a, pp. xvii-xxviii) the following can
be stated:

The theologian, philosopher, logician, and
mathematician Bernard Bolzano was born in
the Old Town of Prague on 5 October, 1781°. It
was in Platnéiskd Street (nowadays the place
is occupied by Maridanské Ndameésti square,
his native house has been torn down and the
building of Municipal Library occupies its place)
and he was born into the family of a Prague
antiquarian and arts trader Bernard Pompeius
Bolzano (1737-1816), a man with roots in the
town of Nesso in northern Italy but living in
Prague since childhood, and of Maria Cecilia,
née Maurer (1754-1821), a religious Prague-
born and German-speaking® daughter of an
ironmonger whose ancestors moved to Prague
from Austria. It was probably the aptitude of
both families for numbers that provoked the
mathematical genius in Bernard. Soon after he
was born the family moved from Platnéfskd to

5) His full name was Bernard Placidus Johann Nepomuk Bolzano.

6) In her youth she considered entering a convent, but she obeyed her parents’ wishes and got married.

28
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Celetna St., house No. 590 (The House of the
Four Stone Pillars). Out of 12 Bolzano children
only four reached adult age, including the tuber-
culosis-stricken Bernard”. Due to his poor health
he received his first education from a domestic
teacher. From the age of 8 he attended the main
school at the Tyn Church. In 1791 he enrolled in
the Piarist gymnasium in what now is Panskd
St., a school on Enlightened spirit, graduating in
1796 with excellent grades, albeit never being a
star student.

After the grammar school he passed the three-
year philosophical preparatory school of the
Charles-Ferdinand University in Prague where
he also studied a “subject that later became
the most appealing” for him - mathematics;
however, during the first weeks of his studies he
“did not consider it worthy of any attention,
being offended by somewhat unmannered
behaviour of the professor of this science, the
meritorious Vydra, and also not knowing what
can be done in this science” (Bolzano, 1836, p.
18-19). At first, mathematics, as he said himself,
was hard to comprehend. “Philosophy, too, espe-
cially logic, was getting into my head almost as
slowly as mathematics at first“ (Bolzano, 1836,
p. 20-21). Who would have thought that it would
be in mathematics where he would eventually
become famous! He was much better at under-
standing physics, he just had the feeling that the
latter science must be preceded by another one,
providing background for the experience-based
reasoning of physics: “most reasonings we call
‘experience’ are derived from some other
reasonings, and I often pondered upon what

premises can we actually derive such corol-
laries from.”

After a oneyear break, devoted to consid-
erations of his further activities, he enrolled in
theology. He did not waste the year, though, and
keenly (and simultaneously) studied two years
of a three-year course in higher mathematics by
Franz Josef von Gerstner® (Bolzano later paid
him homage in Bolzano, 1837c), as well as older
and newer philosophy.

But Bernard was still not sure what profes-
sion to choose, as he himself declared: “I should
remind you that even as I enrolled in studies
of theology, I still was not unreservedly deter-
mined to choose the clergy” (Bolzano, 1836, p.
22). It was only in the last year of his theolog-
ical studies when Bolzano reached unwavering
determination to apply for ordainment. For that
reason, in 1804,/1805, he registered in tender
for both the newly vacant chair of mathematics
and the newly established chair of religious
science (both at the Faculty of Philosophy). He
passed both examinations with the best possible
assessment, the professorship in mathematics
was, however, offered to an older and more expe-
rienced colleague®. According to some sources
this was the outcome preferred by Bernard
himself (Bolzano, 2014, p. xvii). That turn of
events was decisive for Bernard’s fate. On 7 April
1805 in Leitmeritz he received his ordination
and became priest, on 17 April 1805 he received
his doctoral promotion to doctor of philosophy
(having passed the rigorous exams the preceding
winter), on 19 April 1805 he was introduced to
his office (i.e. the chair of religion) and started

7) Only Bernard and his older brother Jan, however, survived their mother.

8) Bernard studied the last year as an enrolled student of theology.

9) Josef Ladislav Jandera (1776-1857).
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giving lectures. He became professor of religion
at the Charles-Ferdinand University, and religion
was supposed to stifle and paralyze revolu-
tionary ideas among university students.

At first, lectures on religion seemed repulsive
to students, but the youth gradually got on. The
very same year witnessed the first denounce-
ment, resulting in his position being changed to
provisional and in forcing him to give lectures
according to the official textbook, not according
he did not
abandon his own comments. Between 1805 and
1819 he was also the university preacher at the
St. Salvator Church in Prague, and his sermons
that were published as exhorts in Bolzano (1813)
and extended in Bolzano (1849-52) influenced
the intelligentsia in the era of national revival.
Therefore, from the outset he was subjected
to complaints and denunciations, investiga-
tions, admonitions and threats, handled by the
Gubernium, the consistory, the Court Study
Commission, the papal nuncio, and the Emperor
himself. On 19 January 1820 he received
a decree of the Austrian emperor Francis I. from
24 December 1819 discharging Bolzano from his
chair of religion because of his enlightened ideas

to his own outlines. However,

and methods of teaching religion.

According to Vesely (1957, 1957a) and Berka
(1981), in 1820 Bolzano retired from teaching
and mainly focused on scientific work. His very
modest annual pension of 300 guldens (during
his last years at the university he had received
800 guldens a year) did not provide sufficiently
for his livelihood, forcing him to increase his
income by giving private lessons. As Bolzano
was a priest and had been a university professor
of religion, he had to answer for his ideas also
in church terms, to the Archbishop of Prague',

and in 1822 he was also handed 112 fallacious
articles picked from his exhorts to give reasons
for them. As his explanation was seen by the
church investigators as insufficient, in 1825
he was ultimately called upon to clearly repeal
them, under the threat of internment. However,
based upon a letter of J. Dobrovsky to bishop J.
Frinta, threatening to give the whole case inter-
national publicity, the entire issue was closed on
31 December 1825. Bolzano (1836) mentions no
church sanction received.

After his suspension Bolzano lived very
humble, even ascetic life, receiving money to
buy books from his friends and followers. In
addition, the help of good friends and their
care for Bernard’s health allowed him to avoid
succumbing to poverty and illness seriously
threatening his life. In 1823 Bolzano met the
Hoffmann family, and this friendship proved
to be very beneficial as Anna Hoffmann took
very patient care of him. Bolzano spent each
summer at the Hoffmann family rural residence
in Téchobuz where he could benefit from the
healthy environment and fully focus on his
work. When, in 1830, Hoffmanns moved there
permanently, so did Bolzano. In rural tranquil-
lity he worked on works in church (and) politics
and mainly on an important treatise of modern
logic, his Wissenschaftslehre: versuch einer
ausfiihrlichen und grosstentheils neuen Darstel-
lung der Logik mit steter Riicksicht auf deren
bisherige Bearbeiter (Bolzano, 1837; recently
its full English translation by P. Rusnock and R.
George has been published as Theory of Science:
Bolzano, 2014) - publication of this book was
facilitated by his student Michal J. Fesl. In 1840
Anna Hoffmann fell seriously ill, the Hoffmann
family (and Bolzano with them) moved back to

10) It was Viaclav Leopold Chluméansky (1749-1830), the same that ordained Bolzano in Leitmeritz in 1805.
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Prague, and Mrs. Hoffmann died there in 1842.
That was a serious blow for Bolzano. Therefore,
he moved in with his brother who lived at Celetna
Street. In 1840s he also enjoyed the hospitality
of Antonin Veith at the Libéchov castle where
he wrote his pivotal (and still cited) work Para-
doxien des Unendlichen (The Paradoxes of the
Infinite; Bolzano, 1851). In 1841-1848 Bernard
Bolzano, as secretary of its Department of
Physics and Mathematics, also worked for the
Royal Bohemian Society of Sciences, contrib-
uting abundantly by giving lectures. Although he
was encircled by dozens of students, he did not
manage to foster a follower in his works.

As for the revolutionary 1848, he viewed the
events of that year with great hopes as well as
with concern about possible violence. For that
reason he did not approve publication of his
utopia Von dem besten Staate, written already
in early 1830s. He rejected both the elections for
Frankfurt parliament and the Slavic Congress
convened to Prague. He paid special attention
to the attempt of his student and member of the
National Committee F. Ndhlovsky who, in May
1848, convened progressive catholic priests to
Prague in order to consult on possible church
reforms. He strongly denounced the suppres-
sion of the revolutionary movement, and
shortly afterwards, in early December 1848, he
caught cold and deceased due to lung paralysis
one week before Christmas, on 18 December
1848, in his and his brother’s house. On 21
December 1848, considerable crowd attended
his burial into a simple grave at OlSany ceme-
teries in Prague. In 1860, however, his remains
were transferred into a common tomb built
by F. Sebek for Bolzano and his student F.
Schneider.

The first fruit of his works, the 1804 Betra-
chtungen tiber einige Gegenstinde der Elemen-
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targeometrie (Considerations on some Objects
of Elementary Geometry), concerned the issue
of parallel lines. In his further mathematical
works from 1810-1817 and 1833-1848 he
refined (before Augustin-Louis Cauchy did) defi-
nitions of some important terms in the theory
of real numbers (such as infimum of a set) and
in the theory of functions (continuity, limit,
convergence of sequences etc.). He defined
the notion of function as display. Bolzano’s
name is mainly associated with mathematical
analysis - the Bolzano-Weierstrass theorem,
the Bolzano function, the Bolzano-Cauchy
condition of convergence of sequences, etc.
Most of his post-1820 mathematical works can
only be found in manuscripts and were only
published in the 20% century, the one exception
being the Unendlichen
(Paradoxes of the Infinite) where the notion
of an infinite set and amount was first defined.
Even this book, however, was published in 1851,
i.e. after Bolzano’s death. Nevertheless, it had
strong impact on the designer of the set theory,

Paradoxien des

German mathematician Georg Cantor, and also
on another important German mathematician
Richard Dedekind.

He wrote his works in German, but his entire
life he lived in Bohemia and already during his
lifetime he had become, especially for propo-
nents of the Czech National Revival movement,
a symbol of fighter for social and national
justice. Bolzano considered Bohemia to be his
homeland, he loved Prague and in his youth he
even tried to express his admiration of Prague
and Bohemia in Latin glorifying verses, but he
spoke German and wrote in German or in Latin.
In terms of his nationality, it is quite certain
that he felt (in German terms) to be bomisch
rather than tschechisch, and he had clearly no
sympathy for nationalism. Bolzano’s teaching
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and preaching period is one of the first successes
of the Czech national movement: the activities
of the older revivalist generation, rooted in the
Enlightenment (Vaclav Matéj Kramerius, Josef
Dobrovsky, Antonin Jaroslav Puchmajer, Jan
Nejedly) were at their peak, and the second
generation featuring tones of romantic nation-
alism (Josef Jungmann, Vaclav Hanka, Frantisek
Palacky, Pavel Josef Safafik, Frantisek Ladislav
Celakovsky, Jan Evangelista Purkyné) was
starting to give voice to their views. Bolzano
considered this romantic nationalism damnable,
seeing it as one of the forms of romantic ravings,
a contemporary ill he criticized in his exhorts on
several occasions. Frantisek Ladislav Celakovsky
admired Bolzano, Josef Dobrovsky defended
him. FrantiSek Palacky consulted Bolzano
on theological and church-policy aspects of
his historical works. Josef Jungmann disliked
Bolzano’s aversion for romantic nationalism of
the second revivalist generation. And after his
death, Bolzano’s legacy was claimed and used
by Karel Havlicek Borovsky - in his Letters from
Kutnd Hora (Kutnohorské epistoly) he draws on
Bolzano’s ideas to develop a holistic program of
radical reform of the Church.

For the purpose of present article it is
important that Bolzano’s private library has
been preserved (see Svejda, 1981) and hence,
drawing in the literature in it, we can assume
what knowledge of the probability calculus
Bolzano could have had, and what works could
he have drawn from!. Count Lev Thun provided
Bolzano with a significant amount of money
and Bolzano used it to build up a large library
of 2437 volumes, bequeathing it to Count

Thun when he passed away. Thun gave it to
the “Lusatia Seminary” in Prague under the
condition that if this seminary was ever to leave
Prague, Bolzano’s library would be transferred
to the Prague university library. This happened
in 1922. After peripeteias
Bolzano’s library is nowadays stored in the
Czech National Library in Prague, in its section
of manuscripts and ancient prints, and features
a dedicated card catalogue. It contains 2087
volumes under 1342 signatures (Svejda, 1981).
An overview of this catalogue informs us that
Bolzano had the following books relating to the
theory of probability in his library: Craig (1699),
de Condorcet (1805), de Lacroix (1816)™2. In all
these books, there are pages with handwritten
notes, and it is therefore clear that someone
(maybe Bolzano himself) really studied them. No
other books relating to the probability calculus
can be found in his library. It is possible,

various other

however, that during the various movements of
the library some books have been lost, and it is
also possible that this includes books relating
to the probability calculus. It is for instance
surprising that de Laplace (1814) is lacking in
Bolzano’s library.

2 Probability and Textbook on the Science
of Religion

As stated in the introduction to this paper, we
can find significant parts of Bolzano’s dealings
with the theory of probability in an unlikely trea-
tise - his Lehrbuch der Religionswissenschaft
(Textbook on the Science of Religion; Bolzano,
1834). And before we approach them in detail, it
is necessary to ask why it is so. There are some

11) Of course: Bernard Bolzano could have known and used books from other libraries as well, but it is a well-
grounded assumption that his own library was more handy and the books in it were used by him most often.

12) We list the original editions, not necessarily the ones that can be found in his library.
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hints in the text itself. The exposition of proba-
bility calculus in Bolzano (1834) is can be found
in a chapter entitled On the Nature of Histor-
ical Knowledge, Especially as Regards Mira-
cles, stating in its introductory paragraph 13
(Bolzano, 1834, pp. 37-38) the following:

“4. In newer times there have been various
attempts to shake the historical faith, especially
as regards miracles, stating that accounts of
miracles, in particular those that took place
many centuries ago, have never been rigor-
ously provable. Such claims have been made
e.g. by Joh. Craig, Dav. Hume, Bolinbroke, J.
J. Rousseau, G. F. Bahrdt, Im. Kant and many
others.

5. In order to face their objections it is
necessary to outline some thoughts about the
nature of historical knowledge and on the
degree of its certainty, especially as regards
miracles.“

Bolzano thus includes the outline of prob-
ability theory in his textbook on (science of)
religion purposefully, pursuing what he might
have seen as a higher aim': the defense of
faith. And the objections of the aforementioned
scholars were not to be taken lightly - those
of Craig still seemed persuasive more than 100
years after their publication. Bolzano further
clarifies this in point 15 of paragraph 15 (1834,
p. 45): “Whoever has any knowledge in terms
of calculations with letters™ will also be able
to easily understand the following mathemat-
ical propositions that I only want to state here
because they serve the purpose of thorough

rebuttal of those objections that have been
raised with appearance of scholarship against
the possibility of historical verification of a
miracle and even by mathematicians, e.g. by
Joh. Craig.”

Recall that Bolzano did have the treatise by
John Craig (1699; English translation in Nash
1991)% in his library, and the volume appears
to be thoroughly studied. And Craig, too, used
mathematics (and more specifically, probability)
as a means for providing a theological proof. In
this light the appearance of an account on proba-
bility in a textbook on religion is less surprising.

Put shortly, Craig’s claim that provoked
Bolzano’s criticism is the idea that there is
dependence between credibility of a testimony
and various factors, and that this dependence
can be expressed in mathematical terms: there
is linear inverse proportionality between the
credibility of a testimony and the length of
the sequence of witnesses transmitting the
testimony, and there is quadratic inverse propor-
tionality between the former and the time that
has passed since the event as well as the distance
from the place where the event occurred.

Craig uses the term “historical probability”
that he defines as follows (1699, p. 9; Nash
1991, p. 55): “Probability is the appearance of
agreement or disagreement between two ideas
through arguments whose logical connection
is not certain, or at least is not perceived to
be so. (...) Historical probability is that which
is deduced from the testimony of others who
testify to their observation or experience.” It

13) Recall that according to some sources Bolzano preferred the chair of religion rather than that of mathematics.

14) Bolzano most likely means what we call “symbols” today.

15) The title of this rather short (32 pages) treatise, Theologiae christianae principia mathematica (Mathematical
Principles of Christian Theology) is reminiscent of the famous work of Craig’s teacher I. Newton, Philosophiae

naturalis principia mathematica.
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is therefore quite clear that his “probability”
is a phenomenon or relation entirely different
from what we understand by this term today.
As noted by Macdk (1996, p. 50), Craig is
clearly inspired by the notion of mechanics
promoted by his teacher I. Newton, calculating
the diminution of initial historical probability
in terms of movement: as the sum of a uniform
movement (the length of sequence of witnesses)
and of movements uniformly accelerated (time,
distance); if there are more such movements,
they add up.

Up to here, it is little more than a bizarre
application of the term “probability” mixed with
simplistic mechanics. What really provoked
Bolzano’s reaction is the fact that Craig claimed
that this regularity also applies to the Holy
Scripture, permitting to calculate the exact year
of the Last Judgement as 3150%. In terms of
marketing, this was a very good promotion, and
the popularity of this short treatise might have
also been a factor urging Bolzano to react. And
his reaction is probably the best evidence of the
depth of his religious faith.

3 Outline of Bolzano’s Probability Theory

As mentioned earlier, Bolzano’s probability con-
siderations are related to his defence of the cred-
ibility of biblical accounts of miracles. For this
purpose, Bolzano developed his own mathemat-
ical theory of probability. This theory is mathe-
matically correct; the same can, however, barely
be said about the specific instances it is applied
to - the miracles, witnesses, and testimonials, i.e.

about the practical usage of this theory in the
sphere of religion.

Bolzano outlines his theory of probability
in his Textbook (Bolzano, 1834) and touches
upon the subject also in his Wissenschaftslehre
(Theory of Science, Bolzano, 1837; see below).
Let us focus first on the Textbook. The relevant
passages can be found in chapter two of Part II
of this book that includes paragraphs 13-30 and
extends to 39 pages. Following in the footsteps
of Macdk (1996), the two introductory para-
graphs can be skipped and a more thorough
account can start at paragraph 15, long and
further subdivided into points and subpoints
(Bolzano, 1834, pp. 39-49)".

Bolzano starts, in §15/2, by pointing out
that he does not intend “fo clarify or dissect
the notion of probability its simple
components” and settles “for its mere under-
standing.” (Bolzano, 1834, p. 40). Let us not
forget that the book we are dealing here is one
on science of religion. In his book on theory of
science (Bolzano, 1837), Bolzano provides very
thorough analysis of these notions.

Bolzano then (in §15/4) defines the basic
notion - the “degree of probability” (der Grad
der Wahrscheinlichkeit), albeit only in general
terms: “The degree of trust by which we can
expect, or apprehend, or assume something, is
its degree of probability.” (Bolzano, 1834, p. 40).
He also outlines various grounds of this proba-
bility. In the following point (§15/5) Bolzano
provides an exact definition of probability,
largely identical to its classical definition: “The

into

16) According to his calculations (Craig 1699, p. 24; Nash 1991, p. 70), the faith in the Holy Scripture should reach
zero by the year 3150. Citing the gospel (Lk 18, 8) Craig concluded that in that year at latest the Last Judgement

will take place.

17) As indicated, the following text follows the account of Bolzano’s ideas as provided by Macdk (1996; but also 2005).
All English translations from Bolzano (1834) provided here are ours, and are based both on the German original

and its translation provided by Macdk (1996).
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probability of a consideration is its feature that
has a degree or size; and this size is measured
by a fraction. In order to establish with what
degree of probability can it be assumed that
among many answers to a question that are

not demonstrably false, i.e. are problemat-
ically possible, the answer A is correct, we
must calculate how many cases o, B, v, & etc.
there are with respect to the answer fo the
question that are not demonstrably false and
that all, backed by the same partial reason,
have the same probability. The sum of these
cases provides us with the denominator of a
fraction. Then we must calculate the number
of these cases featuring the answer A. The sum
of these cases provides us with the numerator
of a fraction.” (Bolzano, 1834, p. 41) Bolzano
illustrates it by an example: if we have an urn
containing 40 balls - 30 white and 10 black, the
degree of probability by which we can expect to
draw a white ball in case of a random draw is
equal to i— . The larger the probability, the more
this fraction approaches one (or “oneness”, der
Einheit; §15/6).

In subsequent points 7 to 14 of paragraph 15
Bolzano provides some notions derived from this
basic notion:

We speak of certainty (die Gewipheit) if the
degree of probability is equal to % (815/7). We
speak of uncertainty (die Zweifelhaftigkeit)
if the degree of probability is equal to (§15/8).
Note that the German term used is not the
linguistic negation of the term used previously
for certainty (that would be die Ungewifheit),
but rather one stressing the equal probability of
two possible outcomes. Bolzano point out that
this is the borderline between probability and
improbability in general language where we
do not use the term probability for very small
likelihoods (§15/9). In science, however, the
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terms are complementary, and “infinitely large
improbability” can be replaced by “infinitely
small probability” when the degree of probability
is very small (§15/10). Bolzano uses the term
(moralisch unmdglich)
for such cases, because in most of them it is
compulsory to act as if there was absolute impos-
sibility (§15/11). Bolzano cites formulation of
the first verse of Homer’s Iliad by picking letters
randomly out of a box as one example of such
phenomena. He uses the term “moral certainty”
(moralische GewiPheit) for
opposite nature (§15,/12).

Subsequently, Bolzano defines (in §15/13)
relative or referential probability (relative oder
beziehungsweise = Wahrscheinlichkeif)  and
absolute probability (absolute Wahrschein-
lichkeit): “This probability of a proposition,
which is based only on certain circumstances,
is called its relative or referential probability,
unlike the one it (the proposition) obtains if we
take into account all circumstances or reasons
known to us, which are called its absolute prob-
ability.” (Bolzano, 1834, p. 45). In §15/14, he
further divides the former into outer and inner
probability: “One peculiar kind of relative prob-
ability of an outcome - the one that results
from the observation of one witness - is called
outer (auPere) probability; on the other hand,
the probability of the same that we obtain when
taking account of all other circumstances that
are not testimonials is called inner (innere)
probability.” (Bolzano, 1834, p. 45).

Then there follows §15/15. More than 3
pages long and featuring crucial mathematical
contents, this is the focal point of the probability
accounts in Bolzano (1834). He is also explicit
here in addressing ideas of other mathemati-
cians, namely J. Craig. He starts (in §15/15/a)
by a proposition on probability of a comple-

“morally impossible”

claims of the
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mentary phenomenon: “if the degree of prob-
ability of a claim concerning real occurrence
of an outcome is equal to x: then the degree of
probability of the contradictory opposite, i.e.
the claim that the particular outcome did not
occur, is equal to 1 - x” (Bolzano, 1834, pp.
45-6), proving it from the general definition of
probability. He then proceeds (in §15/15/b)
to a proposition on multiplication of proba-
bility of independent’® random phenomena:
“the probability of an outcome M that can
only be produced by a combination of two
circumstances A and B is equal to the product
of multiplication of probabilities of the latter
two” (Bolzano, 1834, pp. 46-7), again providing
a mathematical proof. In § 15/15/c the
previous claim is generalized to more than two
phenomena.

Bolzano provides no illustrative examples of
the above in §15; Macak (1996, p. 42) identifies
one further on at the end of §17 of the same
book entitled Requirements for Credibility of an
Immediate Witness. The example is as follows:
“If, for example, the degree of probability of
the fact that a witness knows the issue he is
talking about is equal to % (...); the degree of
probability of the fact that he is able to express
thoughts is equal to g (..); and finally the
ground® of probability of him being veracious
is equal to g (...): then the degree of probability
with which we can rely on his festimony is
equal to =-<-2-22 . (Bolzano, 1834, p. 52).

Let us return to §15/15 and its subpoint
d). This subpoint contains the crucial formula

in terms of mathematical contents of Bolzano
(1834). However, as can be seen and as also
noted by Macdk (1996, p. 42) the language used
is not particularly clear: “If the probability of
an oufcome M in certain respect A (i.e. due
to occurrence of circumstance A) is equal to
x; and in another respect B (i.e. due fo occur-
rence of circumstance B) is equal to y: then
the degree of probability due to combination of
both respects (i.e. if both circumstances occur
simultaneously), i.e. the absolute probability
arising from the combination of both these
relative probabilities, is equal to

Xy "
xy+(A-x)-1A-y)

The operation performed is not entirely
clear. However, as Macak noted (1996, p. 43), the
same issue is dealt with in great detail in point
17 of paragraph 161 in Bolzano (1837). We can
therefore use some examples from the latter
source as illustrations:

“If, for example, we know that someone
has drawn a ball from each of two urns, one
of which contains 30 black and 20 white
balls, while the other contains 70 black and
50 white balls, and we were told that both are
the same colour (both black or both white) the
probability of the proposition that both are
black is

30 70 ”

50 120 -

(b 3070 30 ﬂ)) BTN
50 120 50 120

(1)

definition of independence in Bolzano (1834).

18) However, as pointed out by Macdk (1996, p. 42), independence is likely only presumed intuitively, as there is no

19) Bolzano (1834, p. 52) indeed uses the term “der Grund” here instead of “der Grad” used in the rest of this exam-
ple. Macdk (1996, p. 42; 2005, p. 42) ignores it and we also think that this is most likely only an error with no

material significance.
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The above theorem (i.e. the formula (1)) may
be applied whenever we want fo calculate the
probability of a proposition relative to several
independent assumptions, each of which con-
fers upon it a certain degree of probability - for
example, when we have several independent
witnesses for the occurrence of some event.
Suppose that the degree of probability that a
certain event has based upon the claim of wit-
ness A is %, and based upon the claim of witness
B,= % Then because the agreement of these wit-
nesses can only come about for two reasons, to
wit, either both speak truly or both speak false-
ly, the degree of probability of the event based
upon the consensus of the two is = % The theo-
rem (again, the formula (1)) can even be applied
in cases where one or more propositions speak
against the proposition to be proved (e.g., wit-
nesses who deny that the event occurred) if,
instead of assuming that the denial of the prop-
osition yields the probability , we represent its
affirmation as conferring the probability 1 - .
Thus the probability of an event having oc-
curred when one witness speaks in favour of it
with probability = % and another speaks against
it with probability = %, is just as certain as one
where two witnesses speak in favour, the first
with probability % , the second with probability

1 .
5 be,

4 1
4 4 E'Z )»
— | because - = .
7( 75+ (1-5)(-3)

(Bolzano, 1837b, pp. 182-3; 2014b, p. 130; text
in brackets is ours, the first elaboration also
appears in Macak, 1996, p. 43).
Subpoint 15 e): formula (1) is generalized to
a case featuring more than two circumstances.
Subpoint 15 f): discussion on formula (1)
when x =% .
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Application of (1) is not limited to paragraph
15 and can also be found in paragraph 19
entitled Establishing the Absolute Proba-
bility of an Event for Which There Is One
Testimony. There, Bolzano looks into a slightly
different situation and, building on the defini-
tions provided in points 13 and 14 of paragraph
15, states that each event (as of itself) can have
some degree of inner probability x, and if we
couple it with the degree of witness probability
y, this leads to the degree of absolute probability
expressed via (1). This probability can approach
certainty (i. e. the value of this fraction can
approach 1) when at least one of the two values
(x, y) can approach 1. In other words, an event
can be credible even when its inner probability is
low, but the credibility of the witness is high, and
also when the witness is very non-credible, but
inner probability of the event is high. According
to Bolzano (still in paragraph 19), testimony of a
witness with credibility of % does not change the
credibility of an event, while if the credibility of a
witness is lower than % , his testimony lowers the
credibility of the event. Witness credibility lower
than % is, however, a very rare case: “For even
a witness with little or no love for truth does
not, by mere recounting, instantly produce the
feeling that the event has not occurred; espe-
cially when the phenomenon he talks about has
inner improbability.” (Bolzano, 1834, p. 56).

Bolzano further elaborates this in paragraph
21 entitled On the Amount of Witnesses
Bolzano by stating that it is not necessary to
have more witnesses in order to be sufficiently
assured that an event has taken place. Even an
event with infinitely low inner probability (tran-
scribed by Bolzano as equal to g ) can acquire
moral certainty (see text on points 11 and 12 of
paragraph 15 above) by a testimony of a single
witness. He provides the following example:
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“Let us assume that someone has drawn one
of a million balls labelled by numbers from
1 to 1 000 000, and that two witnesses (either
knowing nothing about the statement of the
other) award the ball drawn the number 275;
is it not, by this agreement, most probable that
both are telling the truth, as it is most improb-
able that both would otherwise come up with
the same number?” (Bolzano, 1834, p. 58).

Subpoint 15 g): This is the last subpoint
of point 15 in paragraph 15 of Bolzano (1834,
p. 489), containing one statement that is
important for the reasoning (and the second
important formula): “If the probability of an
outcome M is equal to x and of some other
outcome N, contradicting the former, is equal
to y: then the degree of probability with which
we can assume that the outcome M rather than
N occurs, is equal to

X
x+y’

" (@)

The application of this formula can be illus-
trated by an example taken from paragraph 22 in
Bolzano (1834).

Paragraph 22 On Disaccord of Witnesses
contains the following example: “If A recounts
that a man walked a narrow footbridge and
suddenly fell into water; while B (claims) that
the man jumped into water on purpose; and the
credibility of A is equal to % , the inner proba-
bility of his story is equal to 5 ; the credibility
of B, on the other hand, is equal to % , the inner
(probability) of his story is ﬁ , then according
to § 19% the probability of the former phenom-
enon is equal fo % , of the latter is equal fo % .
The former is thus much more credible than the

latter, and the degree of probability with which
we can assume that the former rather than the
latter indeed occurred is (according to § 15
(point 15) subpoint g))* equal to % .” (Bolzano,
1834, p. 60).

And again, we can also let Macadk (1996,
p. 45) point us to paragraph 161 of Bolzano
(1837), this time its point 19: “If for example,
we know that in an urn there are 1000 balls
of varied colours, but only 10 black and one
white, the probability that someone drawing
a single ball choose a black one is = %) :WIO s
and that he shall choose a white one = ﬁ) f
now someone simply states that either a white
or a black ball was drawn without specifying
which, the probability that it was black is %
(because the application of formula (2) for and

i
oo _ 10 10

1 1. =
= — 1 1 - - .
100 Y " Tooo S tooos 104111

(Bolzano 1837a, p. 184; 2014b, p. 131; text in
brackets is ours).

In paragraph 27 of Bolzano (1834) entitled
Miracles Can also Be Validated Histori-
cally the considerations of probability in this
textbook end by the following example: “Let
us assume that the inner improbability of a
miracle would be equal to % ; but the improb-
ability of another assumption we would have
to make if history were lying would be even
much bigger, e.g. equal mioo to or even % .In
such case, then, the probability with which we
must assume that the miracle did occur would
follow the formula

8l=

X m

n n_ ,
n m+1

x+y

20) Le., according to §15/15/d, in other words, according to formula (1).

21) Le., according to formula (2).
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and that can approach number one as closely
as we want, as long as m is very large.”
(Bolzano, 1834, pp. 69-70).

At this point we can return to Bolzano’s

motivation for including the “probability”
chapter into his ZTextbook. As shown above an
unlike Craig, Bolzano used the “real” probability
calculus, moving the entire issue moved to a
different mathematical position. That is because
Bolzano, using his formulas (1) and (2) and the
related considerations, claimed (and concluded)
that credibility of the Holy Scripture can be as
large as that of mathematical statements. His
arguments, however, are not always compel-
ling; his claims are sometimes very bold, such
as when comparing the probability of biblical
miracles to that of “stones falling from the sky”
(Bolzano, 1834, p. 68).

As noted by Macdk (1996, p. 51), most of his
arguments are morally-theological in nature,
as can be demonstrated by the concluding
paragraph? of the chapter of Bolzano (1834)
that we study here. According to Bolzano, histor-
ical pieces of knowledge can have the same
degree of certitude as mathematical knowledge
- the past existence of Troy is as certain as the
Pythagorean theorem on square of the hypot-
enuse. And the same applies to the Scripture
and Revelation: “For what is necessary fo have
faith in such Revelation appear in us for very
Jjudicious reasons? Nothing else than:

a) to have sufficiently certain knowledge of the
contents of this presumed Revelation; then

b) to ascertain that these teachings contain for
us a sign of moral benefits; and that

¢) we have been acquainted with them due to
certain extraordinary circumstances.” (Bol-

zano, 1834, 74).

Bolzano then explains that the Revela-
tion provided to us by the Holy Scripture has
indeed the properties listed under a), b) and c)
above, and concludes the entire chapter by the
following point (§30,/12):

“And so we see that for faith in the divine
Revelation, underpinned as it is by historical
propositions of uncertain nature, it is inherent
that it does not share this uncertainty, because
here the issue certainly is not what things are
as of themselves, but only how they appear to
us. What appears to us after relevant proofing
as divine Revelation, is divine Revelation
indeed.” (Bolzano, 1834, p. 75).

Paragraph 30 thus shows other aspects of
Bolzano’s thought.

4 Probability in Bolzano’s Theory of
Science

Although the main focus of this paper is on
Bolzano’s Textbook on Religious Science (Bol-
zano, 1834), we have supplemented it by exam-
ples taken from Volume Two, Paragraph 161 of
his crucial work, Wissenschaftslehre (Theory
of Science; Bolzano, 1837)?%. The latter was
published later than Bolzano (1834), but it had
been finished before 1830. As evidenced by the
full title of this book?*, the author did not con-

22) It is paragraph 30, aptly entitled Can Historical Judgements, Especially Those Based on Faith in Revelation
Achieve the Same Degree of Certitude as A Priori Judgements?

23) Unlike in Lehrbuch der Religionswissenschaft, the paragraphs in this book are numbered consecutively in all four
volumes, thus §161 can be found in only one volume - volume two.

24) The full title is as follows: Theory of Science. Attempt at a Detailed and in the Main Novel Exposition of Logic with

Constant Attention to Earlier Authors.
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ceive it as a treatise in mathematics, but rather
in logic. It deserves to receive (and indeed has
already received) special attention. With respect
to the notion of probability, Bolzano and his
approach in his Theory of Science have been
linked (see Macdk 1996, p. 47, citing the modern
German edition from 1990) to Wittgenstein and
Carnap. A basic outline of the contents of Bolza-
no (1837) can be found e.g. in Berka (1981, pp.
67-89), quite recently its full English translation
by P. Rusnock and R. George has also been pub-
lished (Bolzano, 2014) - the forewords to those
volumes, however, avoid the issue of probability
entirely.

The previous chapter of this paper focused
on paragraph 15 in Bolzano (1834), corre-
sponding to paragraph 161 in Theory of Science.
The latter is larger and, in some respects, much
more thorough; however, as far as the issue we
focus on here is concerned, it contains very few
novelties amending and enlarging the theory
presented earlier. The passages that are of
interest for our purpose include some examples
as reproduced above, and a statement in point
16 of paragraph 161 that, in present-day termi-
nology, would be worded as follows:

If A and B are phenomena, then the proba-
bility P is

P(AUB)=1-(1-P()-(1-P(B)).

Bolzano (1837a, p. 181; 2014b, p. 129)
provides this example: “Thus if there are two
urns, where one contains 40 black balls and
50 altogether and the other has 45 black out of
60, the probability that someone drawing a ball
from each of them will pick a black one is =

" (1 40) (1 45)_19 "
50 60/~ 20°

As Macak (1996, p. 47) notes, in mathe-
matical perspective this Bolzano’s claim is an
analogy of the proposition on addition of prob-
ability for independent random phenomena.
Bolzano uses the term “multiplication of prob-
abilities” and makes (almost) no mention of
independence of phenomena. It seems that the
assumption of independence of the random
phenomena studied had long been considered
intuitively obvious in the theory of probability.
However, Bolzano seems to have been aware of
this issue. In Note 3 concluding paragraph 161
in his Theory of Science he criticizes mechanical
usage of this proposition, providing the following
example: “For example, if one of two balls in a
box is black and one (which may or may not be
the same) is fragrant, the probability that Caius
will draw the black ball is % , and the probability
that the black ball is the fragrant ball is also
%. Now these propositions may be considered
as premises of a syllogism, the conclusion of
which is that Caius will draw the fragrant ball.
If the probability of the conclusion is always the
product of the probabilities of the premises, the
conclusion would have to have the probability
while it has in fact higher probability,
namely %.” (Bolzano, 1837a, pp. 190-191; 2014b,
p. 136).

In the same Note 3 Bolzano also states the
following: “The propositions® in (points) no. 5
ff. are only some of the first and easiest which
appear in writings on the theory of proba-
bility. I thought, however, that they should
be expressed more carefully than is usually
done.” (Bolzano, 1837a, p. 190; 2014b, p. 136) It
seems, therefore, that his aim was rather modest,
at least in terms of mathematics. Rather than
providing a thorough outline of the theory of

25) Le. the propositions on probability in this paragraph.
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probability, he focused on providing the under-
standing of its basic ideas and precision in their
formulation as required by his topic.

To Macdk (1996, p. 48) it seems that the
main difference between present-day mathemat-
ical understanding of probability and Bolzano’s
approach lies in the fact that today in mathe-
matics we speak about probability of a phenom-
enon while Bolzano speaks about probability
(or degree of probability) of a judgement, claim,
proposition. It is quite clear from the quotes of
paragraph 15 of Bolzano (1834), a religious
treatise, and it is all the more visible in Bolzano
(1837), a thorough treatise in logic; we can quote
an example from paragraph 317 of the latter
entitled Definition of the Concepts of Certainty
and Probability with Respect to Thinking
Beings: “There (i.e. in paragraph 161) we meant
by probability a relation which holds between
propositions as such, no matter whether they
are in themselves true or false or whether
somebody takes them to be true or false.”
(Bolzano, 1837b, p. 266; Bolzano 2014c, p. 178).

In mathematical terms, Bolzano’s approach
is strictly based on the “classical” definition
of probability that is applicable only when
describing the final sets of random phenomena.
As this paper is focused on Bolzano’s account
of the probability calculus in his textbook on
(science of) religion (Bolzano 1834) written
more than 180 years ago, it can therefore be
stated that Bolzano indeed did not go soft on
his potential readers and introduced them to
complexities of probability calculus very thor-
oughly.

5 Current Views of the Issue

If we take a step back from the theological mo-
tivation of Bolzano as outlined above, the issue
studied by him can be rephrased in terms that
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render it still topical to-day. The issue thus is
how credible conclusions can be drawn from
uncertain initial statements and currently there
are various approaches to it. These approaches
are usually not based on the theory of proba-
bility and it seems that the theory of fuzzy sets
provides better mathematical basis for dealing
with this issue. Basic outline of this issue can be
found e.g. in Novdk (1986) and Novdk, Perfilie-
va, Mockor (1999), as well as in works of Hajek
and his students and/or colleagues (ex. Hdjek
(1984), Hajek, Valdés (1990) and Hajek, Havra-
nek, Jirousek (1992)).

Hajek’s works are especially relevant here:
even though he is, as noted by one reviewer,
“adamant” that fuzzy logic “does not mirror
probability theory” (Pelletier, 2000, p. 343), the
issue studied by Bolzano and presented in the
preceding pages fits perfectly with his notion of
t-norms based on a binary operation (or conjunc-
tive truth function) that he marks

Unfortunately, this article already runs out
of space, so we cannot elaborate further on
this issue. The reader, however, can find further
information in the pre-cited works as well as
in a “dialogue” between Hdjek and his fellow
Austrian scholar Ch. Fermiiller (Fermuller and
Héjek, 2011) and (in Czech) also in Macdk (1996,
p. 52ff; 2005, 57-8).

Wk

Conclusion

In the wider context of theory of probability,
the parts of Bolzano’s Textbook on the Science
of Religion (Bolzano, 1834) that deal with this
issue can best placed under the label “probabi-
lity of testimony”. As Macdk (2005, p. 56) points
out, this is a historical chapter of the theory,
with little relevance today - recall that the best
parallels from recent theory to Bolzano’s ideas
can be found in the realm of fuzzy logic rather
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than theory of probability. In his times, however,
the situation was different: a look into the works
of Bolzano’s contemporaries reveals that e.g.
Laplace devotes the entire Chapter 11 (“De la
probabilité des témoignages”) in Part II of his
Analytic Theory of Probabilities (Laplace 1812)
to these issues, and they are also present in the
textbook by Lacroix (1816) that Bolzano had in
his library. Bolzano therefore treads the ground
that had been vivid and topical in contemporary
theory of probability, and his approach to the
issue is not original. What is original indeed,
however, is the idea to use this mathematical
theory in the field of religion. Macdk (2005, p.
56) points out that not even in detailed histori-
cal works on “probability of testimony” can the
slightest mention of Bolzano be found, and it
seems, therefore, that the parts of his Textbook
on the Science of Religion devoted to probabi-
lity have never had any influence on anyone and
anything, were forgotten, and have only been re-
discovered by recent historians - mainly Macak
himself.

As shown above, Bernard Bolzano devoted
part of his textbook on “science of religion” to
proof of credibility of the Holy Scripture by
means of probability calculus. His approach to
this mathematical problem is consistent and can
be also illustrated by examples from his better-
known work, Theory of Science (Bolzano, 1837).
We agree with Macdk (1996, p. 54) that the
mathematical means Bolzano used are elemen-
tary; the issue studied (i.e. the assessment of
credibility of conclusions drawn from uncertain
initial statements), however, is clearly not, and
is still topical in present-day research. This work
of Bolzano is all the more intriguing due to the
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fact that, as also claimed by Macdk (1996, p. 54),
in early XIX®" century, theory of probability was
likely not studied at all in our lands, and also
due to his effort to apply probability calculus
in an unlikely discipline - theology. For these
reasons we think it is worthwhile to deal with
this Bolzano’s work as well.

The paper states what could have been the
reasons that lead Bolzano to write the relevant
part of the Textbook, and also one of possible
present-day views of the mathematical issue
studied by him. Understandably, the theological
aspects of the issue are left aside. However, it
would be unwise to separate Bolzano-theologian
from Bolzano-mathematician, especially if we
want to grasp the legacy of this scholar in its full
bloom. For him, it appears, mathematics, philos-
ophy, and theology only represented different
ways leading to the same goal.

It is no secret that our territory could
probably claim only one XIX®century math-
ematician of significant figure - Bernard
Bolzano. His fate, however, prevented him from
making significant impression in mathematics
of his time. We could always speculate on what
would have happened if Bolzano did not accept
the professorship of religion and was instead
installed in the chair of mathematics instead J. L.
Jandera. But that would only be speculations, all
the more gruesome as we learn, more and more,
what vast parts of mathematics and their funda-
mentals Bolzano knew and mastered.
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BERNARD BOLZANO AND THEORY OF
PROBABILITY
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ABSTRACT

The paper deals with the life and work of B. Bolzano, in particular with his treatment of the
theory of probability. Bolzano mainly deals with this issue in his textbook on religion (Lehrbuch
der Religionswissenschaft) and in the context of trustworthiness of Biblical testimonies. His
approach, however, is modern and thorough, even surprisingly for mathematical provisions
in a treatise on theology. He also pondered briefly upon this issue in another work, Theory of
Science (Wissenschaftslehre). Nevertheless, this aspect of his work received no attention from his
contemporaries, even though Bolzano himself did draw on current literature.
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