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1. Wskazanie osiggnie¢

1.1. Tytul osiagni¢cia naukowego

Jako dorobek naukowy, bedacy podstawg ztozonego wniosku o wszczecie
postepowania w sprawie nadania stopnia naukowego doktora nauk o kulturze
fizycznej, wskazuj¢ cykl publikacji naukowych, w sktad ktorych wchodzi 3 artykuty
prezentujace tematyke moich badan pod wspolnym tytutem:

Poziom wybranych funkcji wykonawczych a wyszkolenie bojowe i osiggniecia
akademickie kobiet i me¢zczyzn — podchorazych Akademii Wojsk Ladowych

we Wroclawiu

1.2. Wykaz publikacji zawartych w osiagnieciu naukowym

Zaprezentowany cykl prac naukowych zostat przedstawiony w kolejnosci od
publikacji najstarszej do najnowszej:

1. Jamro, D.; Zurek, G.; Lachowicz, M.; Lenart, D. Influence of Physical Fitness and
Attention Level on Academic Achievements of Female and Male Military
Academy Cadets in Poland. Healthcare (Basel) 2021, 9 (10), 1261.

Doi: 10.3390/healthcare9101261. MEIN: 40, IF: 3.160.

2. Jamro, D.; Zurek, G.; Lachowicz, M.; Lenart, D.; Dulnik, M. Alternating Attention
and Physical Fitness in Relation to the Level of Combat Training. Healthcare
(Basel) 2022, 10 (2), 241.

Doi: 10.3390/healthcare10020241. MEIN: 40, IF: 3.160.

3. Jamro, D.; Zurek, G.; Dulnik, M.; Lachowicz, M.; Lenart, D. Executive Function
Level in Cadets’ Shooting Performance. International Journal of Environmental
Research and Public Health 2022, 19 (10), 6007.

Doi: 10.3390/ijerph19106007. MEIN: 140, IF: 4.614.

Laczna liczba uzyskanych punktow Ministerstwa Edukacji 1 Nauki wynosi
220, natomiast wspotczynnik IF dla calego cyklu wynosi 10.934. Poszczegdlne
artykuty wchodzace w sktad osiggnigcia naukowego zostaly zamieszczone w petnych
wersjach w rozdziale 1X.

Moj wktad w przygotowanie kazdej publikacji obejmowat: planowanie projektu,
pozyskanie $rodkow finansowych, opracowywanie metodologii, przeprowadzenie
badan, przygotowywanie pierwotnej wersji tekstow, redagowaniu manuskryptow po
otrzymanych recenzjach oraz tworzenie ostatecznej wersji, gotowej do opublikowania.
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1.3. Wykaz pozostalych artykulow

1) Jamro, D.; Lenart, D.; Zurek, G. Physical fitness of candidates to the General
Tadeusz Kosciuszko Military University of Land Forces. SIMULF. 2021, 202 (4):
652-663. 10.5604/01.3001.0015.6171

MEIN: 20

2) Zurek, G., Lenart, D., Lachowicz, M., Zebrowski, K., Jamro, D. Factors
Influencing the Executive Functions of Male and Female Cadets. Int. J. Environ.
Res. Public Health. 2022, 19 (24): 17043. 10.3390/ijerph192417043

MEIN: 140, IF: 4.614

1.4. Wykaz konferencji naukowych (aktywny udzial)

1) V Ogolnopolska Konferencja dla Mtodych Naukowcoéw — ,,Wieczor Naukowca
2022 — Wokot Cztowieka”. Temat wystgpienia: Poziom funkcji wykonawczych
I osiggni¢¢ akademickich a sprawno$¢ fizyczna podchorazych Akademii Wojsk
Ladowych we Wroctawiu. Wroctaw, 08.06.2022 r.

2) Lachowicz, M., Zurek, G., Dulnik, M., Jamro, D. Konferencja naukowa Zycie
w Wirtualne] Rzeczywistosci — Aspekty Ekonomiczne, Pedagogiczne,
Psychologiczne i Prawne. Temat wystapienia: Evaluation of changes in students'
stress tolerance under the influence of virtual reality. Radom,
08-09.04.2022 r.

1.5. Wykaz konferencji naukowych (wspélorganizacja)

1) XII Ogolnopolska Konferencja Naukowa ,Kultura fizyczna w stuzbach

mundurowych — wczoraj — dzi$ — jutro”. Poznan, 27.10.2022 r.

1.6. Wykaz nagréd

1) Wyrdznienie za najlepsza wygloszong pracg (sesja VARIA) podczas
V Ogolnopolskiej Konferencji dla Mtodych Naukowcow — ,,Wieczér Naukowca
2022 — Wokot Cztowieka”. Temat wystapienia: Poziom funkcji wykonawczych
I osiggni¢¢ akademickich a sprawnos¢ fizyczna podchorazych Akademii Wojsk

Ladowych we Wroctawiu. Wroctaw, 08.06.2022 r.



2. Streszczenie

Stowa kluczowe: funkcje poznawcze, wyszkolenie bojowe, osiagni¢cia akademickie,

réznice miedzyplciowe, podchorgzowie.

Wstep. Gléwnymi  czynnikami  $wiadczacymi o  wyszkoleniu  bojowym
wspoélczesnego zolnierza sg jego sprawno$¢ fizyczna oraz umiejetnosci strzeleckie.
Jednoczesnie w wymagajacej stuzbie wojskowej, a w szczegdlnosci na stanowiskach
dowoddczych waznym aspektem jest wysoki poziom funkcji wykonawczych,
przyczyniajacy Si¢ do efektywnej realizacji wymagajgcych zadan stuzbowych.
Z uwagi na zmiany w strukturze szkolenia oraz rosnacej obecnosci kobiet w wojsku
zagadnienie to dotyczy zardéwno megzczyzn jak i kobiet, ktore stopniowo zaczynaja
odgrywac wieksza role w stuzbie wojskowej.
Cel. Celem badan byto poszukiwanie zwigzkow pomiedzy poziomem sprawno$ci
fizycznej, funkcjami wykonawczymi, osiggnieciami akademickimi oraz poziomem
wyszkolenia bojowego podchorazych a takze zbadanie roznic migdzyptciowych
w poziomie tych zmiennych wsréd podchoragzych Akademii Wojsk Ladowych we
Wroctawiu (AWL).
Grupa badanych. Grupe badanych stanowili studenci (podchorgzowie) AWL —
kandydaci na zohierzy zawodowych. Dane zbierane byty od lutego 2021 r. do lutego
2022 r. Badaniami zostali objeci podchorgzowie, ktorzy w 2020 roku rozpoczeli
jednolite wojskowe studia magisterskie na kierunku dowodzenie tj. 228 podchorazych,
w tym 31 kobiet i 197 me¢zczyzn w wieku 19-25 lat. Wsrod grupy badanych dokonano
analizy sprawnoS$ci fizycznej, zbadano poziom funkcji wykonawczych oraz ich
sprawnos¢ strzelecka 1 osiggnigcia akademickie.
Metody badawcze. W celu okreslenia poziomu sprawno$ci fizycznej zostaty
przeprowadzone pomiary oraz proby poszczegélnych komponentdow sprawnosci
fizycznej wg. koncepcji Health-Related-Fitness (H-RF) (Howley i Franks, 1992):
1. Komponenty morfologiczne:

— wysoko$¢ ciala,

— masg ciala.
Ponadto wyliczono wskaznik masy ciata BMI (body mass index) wg. wzoru:

Masa ciata [kg]
BMI =

Wysoko$¢ ciata® [m?]



2.

Do oceny komponentéw motorycznych sprawnos$ci fizycznej uzyto wybranych
prob z powszechnie obowigzujacych baterii testow, ocenie poddano nastgpujace
komponenty motoryczne:

— sita statyczna,

— Szybkosc¢,

—  Wytrzymatos¢.

Procesy zwigzane z uwagg oraz z wybranymi funkcjami wykonawczymi
(utrzymania 1 przerzutnosci uwagi, celowego przeszukiwania materiatu,
sekwencyjnego przetwarzanie informacji oraz monitorowania wlasnego
zachowania) zbadano przy uzyciu Kolorowego Testu Polaczen w wersji dla
dorostych (ang. Color Trail Test).

Osiagnigcia w nauce okreslone zostaly na podstawie semestralnych wynikow
akademickich (ocen) z przedmiotow:

— cywilnych: humanistycznych i spotecznych oraz $cistych i przyrodniczych,

— wojskowych: teoretycznych i praktycznych.

Uwzgledniona w badaniach ocena z danej grupy przedmiotow stanowita

srednig arytmetyczng ocen wchodzacych w sklad danej grupy osiagnie¢ akademickich.

5.

Poziom wyszkolenia bojowego podchorazych oceniono na podstawie wynikow

osiggnietych ze szkolenia strzeleckiego oraz taktycznego.

Metody statystyczne. Zgromadzone wyniki poddano analizie statystycznej stosujac,

w zaleznosci od potrzeb, nastepujace metody:

normalno$¢ rozktadu sprawdzono przy pomocy testu Shapiro-Wilka oraz testu
Kotmogorowa-Smirnowa;

obliczono warto$ci $rednie, odchylenia standardowe (SD) oraz wspotczynniki
zmiennosci (V);

istotno$¢ roznic migdzy dwoma $rednimi obliczono za pomoca testu U Manna-
-Withneya dla prob niezaleznych oraz testem t-Studenta dla préb niezaleznych;

w celu okreslenia istotno$ci statystycznej réznic pomigdzy badanymi zmiennymi
przeprowadzona zostala analiza wariancji dla klasyfikacji jednoczynnikowej
ANOVA; poréwnania wielokrotne post-hoc testem NIR (najmniejszych istotnych

roéznic);



— zwigzki miedzy badanymi zmiennymi oceniono za pomoca korelacji Spearmana
oraz Pearsona,;

— celem utworzenia rdwnania shuzacego do oszacowania warto$ci zmiennej
wyjasnianej dokonano analizy za pomoca regresji krokowej postgpujacej oraz
regresji optymalnej, metoda najlepszego podzbioru. Pozwolito to wyznaczy¢
optymalny zbior zmiennych wyjasniajacych.

Istotno$¢ statystyczna w pracy, w przypadku wszystkich zastosowanych testow
przyjeta zostata na poziomie p < 0,05. Obliczenia wykonano w programie Statistica v. 13
(StatSoft, Tulsa, OK, USA) w Pracowni Badan Biostruktury Akademii Wychowania
Fizycznego we Wroctawiu, posiadajgcej certyfikat ISO 9001.

Wyniki

1. Nie ujawnity si¢ istotne roéznice migdzyplciowe w poziomie uwagi i funkcji
wykonawczych wsrod podchorazych.

2. Sposrod analizowanych osiagnieé¢ akademickich kobiety uzyskiwaty istotnie
wyzsze wyniki w nauce z przedmiotow cywilnych (Scistych i przyrodniczych)
natomiast mezczyzni osiggali znacznie wyzsze oceny z przedmiotow wojskowych
(praktycznych).

3. W wynikach dotyczacych analizy prostych zaleznosci mi¢dzy uwzglednionymi
zmiennymi somatycznymi i motorycznymi, poziomem uwagi a osiggni¢ciami
akademickimi w grupie kobiet: osiagnigcia z przedmiotow cywilnych
(humanistycznych 1 spotecznych) oraz wyniki testu CTT-1 okazaty si¢ by¢
pozytywnie skorelowane z sitg reki dominujgcej. Osiggniecia z przedmiotow
cywilnych ($cistych i przyrodniczych) Kkorelowaly dodatnio z masg ciata,
wskaznikiem masy ciata BMI oraz z sitg Scisku reki dominujacej. W grupie
mezcezyzn W stwierdzone korelacje miedzy zmiennymi byty stabe 1 sporadyczne.

4. W odniesieniu do determinantow osiggnie¢ akademickich podchorazych,
wyniki analizy regresji pokazaty, ze w grupie kobiet sita r¢ki dominujacej ma
najwigkszy wptyw na wyniki w nauce z przedmiotéw cywilnych oraz wojskowych
(teoretycznych), wyniki te w tym obszarze sg tozsame z analizg prostych korelacji
w grupie kobiet. W tym przypadku sita rgki dominujacej jest silnym
uwarunkowaniem osiggni¢¢ akademickich z przedmiotow cywilnych oraz
wojskowych (teoretycznych), wyjasniajac wspolnie z testem uwagi CTT-1 39,9%
zmienno$ci wynikoéw przedmiotéw cywilnych (humanistycznych i spotecznych),
wspolnie z masg ciata oraz wysokoscig 50,8% zmiennosci wynikow przedmiotow
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cywilnych ($cistych i przyrodniczych) oraz wspolnie z wskaznikiem masy ciata
BMI, masg ciata oraz wysokoscig 44,1% zmienno$ci wynikdw przedmiotéw
wojskowych (teoretycznych). W grupie mezczyzn spos$rod analizowanych
zmiennych nie ujawnity si¢ istotne modele predykcji osiggnie¢ akademickich.

W badaniu wyszkolenia bojowego, wyzsze wyniki strzeleckie w grupie mezczyzn
silnie powigzane byly z wyzszym poziomem przerzutnosci uwagi (r = 0,57).
Znaczgco wyzsze osiggniecia akademickie z praktycznych przedmiotow
wojskowych zwigzane byly z wigkszym poziomem silty oraz lepsza
wytrzymalo$cig kadetow. Sita tych korelacji byta jednak staba.

Poziom przerzutno$ci uwagi, ujawnit si¢ jako silnym determinant celno$ci
strzelania w grupie me¢zczyzn, ktory istotnie wyjasniat 31,5% zmiennosci
wynikéw strzeleckich podchorazych (skorygowane R? = 0,315).

Nie ujawnity si¢ istotne roznice miedzy kobietami i mezczyznami W poziomie
sprawnosci strzeleckiej z poszczegolnych strzelan.

W grupie kobiet wyzsze wyniki strzeleckie z pistoletu wojskowego byty znaczaco
zwigzane z wyzszym poziomem funkcji wykonawczych (r = -0,76).

Wiyniki korelacji ujawnity, ze w grupie m¢zczyzn wyzsze wyniki w strzelaniu byty
istotnie powigzane z krotszym czasem wykonywania CTT-2. Silne korelacje
wystapity pomigdzy strzelaniem z karabinka (r = -0,47) i strzelaniem z pistoletu
wojskowego (r=0,51) a wynikami CTT-2. Zalezno$¢ pomigdzy wynikami
strzelania z pistoletu maszynowego a czasem CTT-2 byla na poziomie
przecigtnym (r = -0,39). Staba, ale réwniez istotna korelacja wystapita pomiedzy
wynikami strzelania z karabinka w masce przeciwgazowej a czasem w CTT-2
(r=-0,18).

Whioski:

1.

Zasadne jest wprowadzenie do szkolenia strzeleckiego specjalistycznego treningu
ukierunkowanego na rozwdj funkcji wykonawczych takiego jak np. Strategy-
-Based Cognitive Training (Mowszowski i wsp., 2016), w szczego6lnosci we
wstepnym procesie szkolenia strzeleckiego, gdzie pierwsze strzelania wykonuje
si¢ na celno$¢ i skupienie. Wiedza ta powinna szczeg6lnie zainteresowaé badaczy
ze srodowiska stuzb mundurowych oraz te grupy zawodowe, w ktdrych bron jest

podstawowym narzedziem pracy.
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2. Wyniki badan wskazuja, ze podchoragzowie — kobiety reprezentuja podobny poziom
funkcji wykonawczych jak i sprawnosci strzeleckiej, dlatego tez nie powinno si¢
roznicowac obcigzenia oraz sposobow oceny w szkoleniu ze wzgledu na ptec.

3. W ramach rozwoju sprawnosci fizycznej podchorazych, gtowny nacisk powinien
by¢ kladziony nieprzerwanie na rozwoj sily, szczegdélnie wsrod kobiet. Sita
bowiem okazata si¢ by¢ silnym determinantem osiggni¢¢ akademickich

z przedmiotow cywilnych i wojskowych (teoretycznych).
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3. Abstract

Keywords: cognitive function, combat training, academic achievement, gender
differences, cadets.

Introduction. The main factors indicating the combat training of the modern soldier
are his physical fitness and shooting skills. At the same time, in demanding military
service, especially in command positions, an important aspect is a high level of
executive function, contributing to the effective implementation of demanding service
tasks. Due to changes in the structure of training and the increasing presence of women
in the military, this issue affects both men and women, who are gradually beginning
to play a greater role in military service.
Objective. The study aimed to look for relationships between the level of physical
fitness, executive functions, academic achievement, and the level of combat training
of cadets and to examine gender differences in the level of these variables among
cadets of the Military University of Land Forces in Wroclaw (MULF).
Study group. The study group consisted of MULF students (cadets) — candidates for
professional soldiers. Data were collected from February 2021 to February 2022. The
study included students who began their uniform military master's degree in command
in 2020, i.e. 228 cadets, including 31 women and 197 men aged 19-25. Among the
subjects, physical fitness was analyzed, the level of executive function was examined,
and their shooting performance and academic achievement.
Research methods. In order to determine the level of physical fitness, measurements
and tests of the various components of physical fitness according to the Health-
-Related-Fitness (H-RF) concept were conducted (Howley i Franks, 1992):
1. Morphological components:

— Body height,

— Body weight.

In addition, BMI (body mass index) was calculated according to the formula:

Body weight [kg]
BMI =

Body height? [m?]
2. To assess the motor components of physical fitness, selected tests from a common
battery of tests were used, and the following motor components were assessed:

— Static strength,

12



Speed,

Endurance.

3. Processes related to attention and selected executive functions (maintaining and

alternating attention, intentional searching of material, sequential processing of

information, and monitoring of one's behavior) were examined using the adult

version of the Color Trail Test.

4. Academic achievements were determined on the basis of semester academic

achievements (grades) in the subjects:

civilian: humanities and social sciences and science,

military: theoretical and practical.

The grade in a given group of subjects included in the study was the arithmetic

average of the grades included in a given group of academic achievements.

5. The level of combat training of cadets was assessed on the basis of the results

achieved from shooting and tactical training.

Statistical methods. The collected results were subjected to statistical analysis using

the following methods, as appropriate:

normality of distribution was checked using the Shapiro-Wilk test and the
Kolmogorov-Smirnov test;

mean values, standard deviations (SD) and coefficients of variation (v) were
calculated;

the significance of differences between two averages was calculated using the
Mann-Withney U test for independent samples and the Student's t-test for
independent samples;

in order to determine the statistical significance of differences between the
study variables, an analysis of variance for one-factor classification ANOVA
was performed; procedure of post-hoc multiple comparisons in the form of the
NIR (least significant difference) test;

relationships between study variables were assessed using Spearman and
Pearson correlations;

in order to create an equation for estimating the value of the explained variable,
an analysis was carried out using stepwise progressive regression and optimal
regression, using the best subset method. This made it possible to determine

the optimal set of explanatory variables.
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Statistical significance in the study, for all tests used, was taken at p < 0.05.
Calculations were performed using Statistica v. 13 software (StatSoft, Tulsa, OK,
USA) at the ISO 9001-certified Biostructure Research Laboratory of the Wroclaw

University of Health and Sport Sciences.

Results

1. Nosignificant gender differences in levels of attention and executive function were
revealed among cadets.

2. Among the academic achievements analyzed, women scored significantly higher
in civilian subjects (sciences and natural sciences), while men achieved
significantly higher grades in military (practical) subjects.

3. Inthe results concerning the analysis of simple correlations between the considered
somatic and motor variables, the level of attention and academic achievement in
the women's group: achievement in civilian subjects (humanities and social
sciences) and CTT-1 test scores appeared to be positively correlated with the
strength of the dominant hand. Achievement in civilian subjects (sciences and
natural sciences) correlated positively with body weight, BMI body mass index,
and the strength of the dominant hand. In the male group, the correlations found
between variables were weak and sporadic.

4. With regard to the determinants of cadets' academic achievement, the results of
regression analysis showed that in the female group, the strength of the dominant
hand has the greatest impact on academic performance in civilian and military
(theoretical) subjects, these results in this area are the same as the analysis of
simple correlations in the female group. In this case, the strength of the dominant
hand is a strong determinant of academic performance in civilian and military
(theoretical) subjects, explaining jointly with the CTT-1 attention test 39.9% of the
variation in performance in civilian subjects (humanities and social sciences),
jointly with body weight and height 50.8% of the variation in performance in
civilian subjects (sciences and natural sciences), and jointly with the BMI body
mass index, body weight, and height 44.1% of the variation in performance in
military (theoretical) subjects. In the male group, among the variables analyzed,
no significant predictive models of academic achievement were revealed.

5. In the study of combat training, higher shooting scores in the male group were

strongly associated with higher levels of metastability of attention (r = 0.57).
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Significantly higher academic achievement in practical military subjects was
associated with higher levels of strength and better endurance in cadets. However,
the strength of these correlations was weak.

The level of alternating attention, revealed itself as a strong determinant of
shooting performance in the men's group, which significantly explained 31.5% of
the variation in the cadets' shooting performance (adjusted R = 0.315).

No significant differences were revealed between men and women in the level of
shooting performance from individual shooting.

In the women's group, higher military pistol shooting scores were significantly
associated with higher levels of executive function (r = -0.76).

Correlation results revealed that in the men's group, higher shooting scores were
significantly associated with shorter CTT-2 performance time. strong correlations
occurred between carbine shooting (r=-0.47) and military pistol shooting
(r =0.51) and CTT-2 scores. the correlation between machine gun shooting scores
and CTT-2 time was at the average level (r =-0.39). A weak but also significant
correlation occurred between the results of shooting a carbine with a gas mask and
time in the CTT-2 (r =-0.18).

Conclusions:

1.

It is reasonable to introduce into shooting training specialized training aimed at the
development of executive functions such as Strategy-Based Cognitive Training?,
especially in the initial process of shooting training, where the first shooting is
done on accuracy and focus. This knowledge should be of particular interest to
researchers in the uniformed services community and those professional groups
where guns are the primary tool of the job.

The results of the study indicate that female cadets represent a similar level of
executive function as well as shooting performance, so the load and methods of
evaluation in training should not be differentiated by gender.

Within the framework of the development of the physical fitness of cadets, the main
emphasis should be continuously placed on the development of strength, especially
among women. This is because strength has proven to be a strong determinant of

academic achievements in civilian and military (theoretical) subjects.
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4. Wprowadzenie do problematyki funkcji
wykonawczych, wyszkolenia bojowego oraz osiagniec¢

akademickich

4.1. Funkcje wykonawcze jako kluczowy zestaw umiejetnosci poznawczych

Badania nad funkcjonowaniem poznawczym czlowieka rozpoczgly si¢ wraz
Z zauwazeniem istotnych roznic indywidualnych w zakresie wykonywania zadan
poznawczych, szczegdlnie czynnosci uwazanych za wysoko cenione w naszym kregu
kulturowym. Juz w Sredniowieczu czynnikiem §wiadczacym o wysokiej inteligencji
byla umiejetno$¢ czytania i pisania. Wspotczesnie, problemy w zakresie tych
podstawowych umiejetnosci §wiadezy¢ moga co najwyzej o glebokich deficytach
poznawczych. Liczy si¢ natomiast jako$¢ czytania i pisania, szybko$¢ przyswajania
informacji a w szczegdlno$ci rozumienia trudniejszych tresci. W psychologii réznic
indywidualnych probuje si¢ dociekaé jak funkcjonuje pamieé, uwaga i inne procesy
poznawcze oraz jakie sg jej determinanty. Sprowadza si¢ to do oceny sposobu
dziatania elementarnych operacji umystowych (Necka, 1994).

Funkcje poznawcze odzwierciedlajg zbior umiejetnosei, dzigki ktorym cztowiek
jest w stanie poznawaé rzeczywisto$C, orientowaé si¢ w przestrzeni, przyswajac
wiedzeg oraz nieprzerwanie przetwarza¢ zdobywane informacje. Ksztaltowanie funkcji
poznawczych to jeden z najwazniejszych elementéw zroéwnowazonego rozwoju
czlowieka. Zasadniczo w literaturze funkcje poznawcze kategoryzowane sa na
podstawowe (elementarne) oraz ztozone. Elementarne funkcje poznawcze obejmuja:
uwagg, pamie¢, funkcje wykonawcze oraz wzrokowo-przestrzenne, natomiast ztozone
procesy poznawcze to myslenie (przyczynowo-skutkowe, abstrakcyjne, twoércze
I planowanie) a takze funkcje jezykowe. Podstawowe procesy poznawcze nalezy
postrzega¢ jako fundament zlozonych procesow poznawczych (Bidzan-Bluma
I Lipowska, 2018).

Funkcje wykonawcze (nazywane tez kontrola wykonawcza lub kontrola
poznawczg) to zbior odgérnych proceséw kontrolnych, ktorych uzywamy glownie
W sytuacji, gdy poleganie wylgcznie na swojej intuicji i wyuczonych zachowaniach
jest niewystarczajgce lub niemozliwe (Diamond, 2013). Funkcje wykonawcze
przyczyniaja si¢ do utrzymania zdrowia poznawczego, umystowego (Diamond, 2005)

jak réwniez do zachowania wysokiego poziomu sprawnosci fizycznej (Miller i wsp.,
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2011). Sa rowniez istotnym predykatorem osiggnig¢ szkolnych i akademickich
(Borella i wsp., 2010), pomagaja w karierze zawodowej (Bailey, 2007) i w realizacji
codziennych obowigzkow (Brown i Landgraf, 2010). Uogoélniajac funkcje
wykonawcze zapewniaja zréwnowazony rozwdj na plaszczyznie socjalnej,
psychologicznej oraz poznawczej (Diamond, 2013).

W literaturze przedmiotu istnieje ogdlna zgoda, ze wyrozniamy trzy gtowne
sktadowe funkcji wykonawczych: hamowanie (kontrola hamowania, hamowanie
behawioralne, selektywna uwaga i hamowanie poznawcze), pami¢¢ robocza
I elastyczno$¢ poznawczg (zwang rowniez przesuwaniem zbiorow, elastycznoscia
umystowg lub przesuwaniem zbioréw umystowych), ktora $cisle zwigzana jest
z kreatywnoscig (Miyake i wsp., 2000). Kontrola hamowania powigzana jest ze
wstrzymywaniem zachowan nieodpowiednich dla danego zadania. Dzigki niej
jesteémy w stanie rozpoznawac skuteczne zachowania wazne dla sukcesu
w wykonaniu danej czynnosci, co przeklada si¢ ostatecznie na bezposrednie dziatanie
w celu osiggniecia pozadanych rezultatow (Verbruggen i Logan, 2008). Pamigc
robocza, mozna zdefiniowa¢ jako zbior procesow, ktore stuza do przechowywania
| przetwarzania tymczasowych informacji oraz realizowania wymagajacych zadan
poznawczy jak na przyktad rozumienie jgzyka, uczenie si¢, czy rozumowanie.
Elastyczno$¢ poznawcza stuzy do obserwacji i poprawiania wlasnych zachowan
podczas wykonywania réznych zadan w celu poprawiania bledoéw. Dzigki niej
jesteSmy w stanie aktualizowa¢ swoja pamie¢¢ robocza, aktualizowaé swoje
zachowanie do zmieniajacych si¢ warunkow 1 nie popeinia¢ tych samych btgdow
w przysztosci (Egner i Hirsch, 2005). Z wymienionych powyzej sktadowych
zbudowane sa funkcje wykonawcze wyzszego rzedu, takie jak planowanie,
rozumowanie i rozwigzywanie probleméw (Collins i Koechlin, 2012).

Problematyka funkcji wykonawczych jest w kregu zainteresowan naukowcow
Z r6znych $srodowisk, w tym rowniez coraz czgsciej badania funkcji wykonawczych
przeprowadza si¢ posrod populacji wojskowych. W szczegdlno$ci przeprowadza sie
badania nad zmiennymi potencjalnie powigzanymi z poziomem funkcji
wykonawczych (Diamond, 2013). Dotyczy to zar6wno zmiennych somatycznych np.
masy ciata — otyto$¢ zwigzana jest ze spadkiem kontroli hamowania Zotnierzy Stanéw
Zjednoczonych (Ja i wsp., 2021) jak i reakcji fizjologicznych (przewlekta ekspozycja
na hipoksje na r6znych wysoko$ciach negatywnie wptywa na hamowanie reakcji

zohierzy (Wei i wsp., 2021)). Dowiedziono tez, ze stres bojowy wsrod zotierzy
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zmniejsza aktywno$¢ $rédmoézgowia, co w glownej mierze powigzane jest ze
znacznym pogorszaniem si¢ procesow zwigzanych z uwaga (van Wingen i wsp.,
2012). Z drugiej strony specjalistyczny trening umozliwia zolnierzom zawodowym
utrzymywanie wiekszej kontroli nad wiasnymi myslami i emocjami co przektada si¢
w praktyce na wigkszy spokéj podczas sytuacji zagrozenia (Cosié¢ i wsp., 2012).
Udowodniono réowniez na podstawie ostatnich badan, ze specyficzne ¢wiczenia
wojskowe pozytywnie wplywajg na zmiany strukturalne w moézgach zolnierzy.
Wyniki licznych badan jasno podkreslity, ze specjalnie zaprogramowany trening
wojskowy pozytywnie wptywa na funkcje wykonawcze zokierzy (Batouli i Saba,
2020). Powyzsze doniesienia z literatury koresponduja z badaniami wlasnymi
w obszarze powigzan funkcji wykonawczych z sprawnos$cig strzelecka oraz
osiggnigciami akademickim podchorazych.

Stanowiska stuzbowe w jednostkach wojskowych, szczegdlnie w jednostkach
operacyjnych i bojowych stawiajag coraz wicksze wymagania zaréwno w sferze
fizycznej jak 1 psychicznej. Coraz liczniej zajmuja je takze kobiety. Dlatego tez
zrozumienie réznic mi¢dzyplciowych wsrdd zotnierzy na roznych plaszczyznach
moze znacznie podnies¢ efektywno$¢ szkolenia oraz lepiej zrozumie¢ mechanizmy
odpowiedzialne za behawioralne réznice piciowe.

Badania nad r6znicami piciowymi w funkcjach wykonawczych dostarczaja
niejednoznacznych wynikow. Podczas gdy, me¢zczyzni zwykle osiagaj lepsze wyniki
w zadaniach przestrzennych (Maeda i Yoon, 2013) to w innych juz nie, jak np.
w testach badajacych kontrolg hamowania oraz pamig¢é operacyjng (Li i wsp., 2009).
Natomiast Gaillard i wsp. (2021) w przegladzie systematycznym badan w ktorych
zastosowano zaawansowane techniki neuroobrazowania do oceny rdznic
mi¢dzyptciowych w funkcjach wykonawczych postawili wniosek, Ze ciagle nie mozna
wskaza¢ na dokladne rdznice migdzy kobietami 1 mezczyznami w funkcjach
wykonawczych. Glownym argumentem przemawiajagcym za tym wnioskiem jest fakt,
ze w badaniach stosuje si¢ czesto duzg zmienno$¢ metodologiczng, dodatkowo mamy
do czynienia z zaangazowaniem wielu sieci neuronalnych. Udowodniono natomiast,
ze kobiety 1 mezczyzni roéznig si¢ pod wzgledem stosowanej strategii neuronalnej

podczas wykonywania tych samych zadan poznawczych (Gaillard i wsp., 2021).
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4.2. Metody badan niektorych funkcji wykonawczych

Funkcje poznawcze bada¢ mozna przy uzyciu réznych testow oraz technik
badawczych. Za najnowszg i najwszechstronniejszg baterie testow do pomiaréw
funkcjonowania poznawczego uwaza si¢ obecnie NAB (Neuropsychological
Assessment Battery) (Marder i wsp., 2004). Popularne testy do ktorych zaliczaja si¢
m. in. WCST (Wisconsin Card Sorting Test), testu Stroopa oraz Kolorowy Test
Potgczen CTT (Color Trails Test) stanowig ciggle gldowne narzg¢dzia diagnostyczne
zaburzen zwigzanych z pracg ptatow czotowych. Ukierunkowane sg one gltéwnie na
ocene pamigci operacyjnej oraz funkcji wykonawczych. Powodem stosowania testow
tzw. papier-otowek, do ktorych zalicza si¢ CTT, jest prostota ich uzycia oraz niskie
koszty (Mosiotek, 2015). Obecnie istnieja rowniez mozliwosci do oceny
funkcjonowania poznawczego przy uzyciu metod neurofizjologicznych oraz
zyskujacych na popularnosci w literaturze badan przy uzyciu zaawansowanych
technologicznie metod neuroobrazowania (Mosiotek i Loza, 2004). CTT stuzy do
badania rdéznorodnych procesow zwigzanych z funkcjami  wykonawczymi,
a w szczegOlnosci do oceny celowego przeszukiwania materiatu, utrzymania
1 przerzutnosci uwagi, sekwencyjnego przetwarzanie informacji oraz monitorowania

wilasnego zachowania (D’Elia i wsp., 1996).

4.3. Funkcje wykonawcze a wyszkolenie bojowe i osiagniecia akademickie

podchorazych

Literatura na temat powigzan funkcji wykonawczych z wyszkoleniem
bojowym zotnierzy jest bardzo uboga a w szczegodlnosci brak jest takich prac
dotyczacych grupy podchorazych. Pojedyncze badania dotycza zotnierzy
zawodowych (Hillman i wsp., 2000; Nibbeling i wsp., 2014); wskazano w nich na rolg
koncentracji uwagi oraz skupienia dla osiggnigcia wysokich wynikéw w strzelaniu.
Nie ulega watpliwosci, ze problem badania funkcji wykonawczych wsrdd Zzothierzy
a w szczegllnosci podchorazych ksztalconych na przysztych dowodcoéw powinien
znajdowaé si¢ nieprzerwanie w kregu zainteresowan wojskowych naukowcow.
Przyktadem moze by¢ kontrola hamowania (Schlaghecken i Eimer, 2006), ktorej
glownym zadaniem jest blokowanie zachowania i zatrzymywanie nieodpowiednich,
automatycznych reakcji, zmieniajac ostatecznie odpowiedZ na lepsza, bardziej

przemyslang i dostosowang do sytuacji (Palmwood i wsp., 2017). Poprawia ona zatem
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efektywno$¢ wykonania zadania gtownego 1 zwigksza prawdopodobienstwo sukcesu.
Ponadto dowodcy wojskowi czesto wykonujg prace w warunkach wysokiego stresu,
podejmujac decyzje dotyczace zycia lub $mierci swoich podwtadnych, musza zatem
obiera¢ odpowiednie strategie dzialania i regulowac¢ emocje.

Dodatkowo, przy obecnym stanie wiedzy, oczywistym s3 powigzania
procesow zwigzanych z uwaga, koncentracjg oraz innymi funkcjami wykonawczymi
ze sprawno$cig uczenia si¢ przektadajaca si¢ na osiggniecia akademickie.
Dowiedziono, ze zaro6wno uwaga, jak i kontrola impulséw znaczaco wplywa
I przewiduje osiggni¢cia w nauce wsrod mtodziezy (Alavi i wsp., 2019). Wykazano,
ze problemy z uwagg w dziecinstwie konsekwentnie powodujg gorsze wyniki w nauce
w okresie dorastania (Fergusson i wsp., 1997), powodujac nawet brak promocji do
kolejnych klas czy nawet porzucanie nauki (Galéra i wsp., 2009). Wigkszo$¢ badan
prowadzonych byla jednak w o$rodkach klinicznych, gléwnie wsrdd dzieci
z diagnozowanymi lub wstepnymi objawami ADHD (Langberg i wsp., 2011; Pingault
I wsp., 2011; Sayal i wsp., 2015). Jednakze tylko nieliczne publikacje poruszaja
problematyke uwagi i funkcji wykonawczych wséréd mlodziezy akademickiej
niemajacej problemow rozwojowych.

Warto réwniez zaznaczyC, ze badacze stosujag roézne miary osiggnieé
akademickich. W literaturze okre$la si¢ je m.in. na podstawie wynikéw
w standaryzowanych testach, takich jak na przyktad egzaminy na zakonczenie etapow
ksztalcenia czy egzaminy wstepne na studia. Jak si¢ jednak okazuje, wyniki w takich
testach stanowig ograniczong definicj¢ osiggnie¢ w nauce, ktore moga, ale nie muszg
ich odzwierciedla¢ (Loe i Feldman, 2007). Psychologia edukacji podkresla natomiast,
ze to oceny Z poszczegdlnych przedmiotow sg jednym z gtéwnych wskaznikiem
ogolnych osiaggnig¢ akademickich (Keith i Benson, 1992). Wreszcie inne czynniki
takie jak motywacja studenta, sg zdecydowanie silniej zwigzane z ocenami niz
z wynikami w testach standaryzowanych (Barrington i Hendricks, 1989).

4.4. Wyszkolenie bojowe

Jednym z gléwnych elementéw oceny sprawno$ci i gotowosci zotnierza do
walki jest jego wyszkolenie bojowe. Na wyszkolenie bojowe sktadajg sie przede
wszystkim elementy wyszkolenia strzeleckiego, taktycznego, medycznego,

topograficznego oraz poziomu sprawnosci fizyczne;j.
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Wyszkolenie strzeleckie sprowadza si¢ gltownie do umiejetnosci celnego
I skutecznego prowadzenie ognia z broni indywidualnej i zespotowej. Strzelanie przy
tym jest ztozong czynnoscig psychomotoryczng. Gtowne czynnosci jakie wykonuje
zothierz podczas strzelania to: przyjecie postawy strzeleckiej (lezac, stojac, kleczac
itp.), zgrywanie przyrzadow celowniczych (muszki i szczerbinka), celowanie (zgrane
przyrzady celownicze ustawia si¢ na celu w odpowiednim miejscu w zaleznosci od
warunkoéw  strzelania), odpowiednie oddychanie, $cigganie jezyka spustowego.
Predykatorami wysokich wynikow strzeleckich sg zarowno czynniki fizjologiczne jak
I psychologiczne (Lakie, 2010; McDermott i wsp., 2001). Wyniki badan Tremayne
and Barry (2001) potwierdzity, ze zaré6wno wybrane funkcje poznawcze, jak
i sprawno$¢ motoryczna sg istotne dla celnego i skutecznego strzelania (Tremayne
i Barry, 2001). Biorac pod uwagg powyzsze, nie nalezy pomingé, ze efektem
metodycznego i optymalnego szkolenia strzeleckiego jest opanowanie umiejgtnosci
strzeleckiej. Warto tez prowadzi¢ badania dotyczace sprawnosci strzeleckiej zotnierzy,
poszukujac réznych zmiennych, ktore moga pomoc w ulepszaniu programoéw ksztatcenia
1 szkolenia przysztych oficerow Wojska Polskiego.

Wyszkolenie taktyczne to gléwnie umiejetnos¢ indywidualnego oraz
zespotowego dzialania na polu walki, znajomo$¢ procedur oraz zdolnos$¢ do
wykonywania norm taktycznych (transport amunicji, pokonywanie terenu roéznymi
sposobami itp.). Medycyna bojowa sprowadza si¢ do umiej¢tnosci indywidualnego
opatrywania ran oraz taktyczno-bojowej opieki nad innym poszkodowanym.
Topografia wojskowa to terenoznawstwo, umiejetno$¢ postugiwania si¢ mapa
wojskowa, busolg jak réwniez zdolno$¢ do wykonywania marszow na azymut
W terenie oraz nawigacji w dzien i w nocy.

Wreszcie u podstaw oceny gotowosci bojowej Zolnierza nieprzerwanie lezy
jego sprawnos¢ fizyczna, ktora od zawsze byta nieodzownym atrybutem stuzby
wojskowej. Najwazniejszym jednak celem sprawnosci fizycznej zgodnie z koncepcja
H-RF jest pozytywne zdrowie fizyczne, ktore jest warunkiem braku problemow
zdrowotnych a takze pomaga angazowac si¢ w codzienne zadania z odpowiednia
energig (Howley i Franks, 1992). Powigzanie sprawnosci fizycznej ze zdrowiem oraz
badania nad innymi czynnikami z nig potencjalnie powigzanymi, takimi jak
osiggnigcia akademickie, funkcje wykonawcze, sprawno$¢ strzelecka oraz

wyszkolenie bojowe, nabieraja szczegélnego znaczenia w  ksztaltowaniu
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odpowiednich postaw oraz prozdrowotnych zachowan wérdd przysztych dowddcow,
szczegoblnie na etapie ksztatcenia w akademiach wojskowych (Oja i Tuxworth, 1995).

Literatura podejmujgca badania nad sprawnos$cig fizyczng jest niezwykle
bogata. Stanowi ona przedmiot zainteresowan nie tylko ws$rod specjalistow
zajmujacych si¢ motoryczno$cia cztowieka, ale rowniez posrdd antropologdw,
pedagogow, psychologow. W obszarze problematyki podejmowanej W niniejszej
pracy doktorskiej badania dostepne w literaturze potwierdzity pozytywny wplyw
sprawno$ci fizyczne] na osiggni¢cia akademickie oraz na niektore funkcje
wykonawcze (Trudeau i Shephard, 2008). Dowiedziono, ze oceny w trakcie nauki
pozytywnie skorelowane sa z poziomem sprawnosci fizycznej (Etnier i wsp., 1997,
Hillman i wsp., 2005; Santana i wsp., 2017), spo$rod komponentéw motorycznych
najwigkszy wpltyw na sprawnos$¢ uczenia si¢ wykazuja zdolnosci wytrzymatosciowe
badanych (Castelli i wsp., 2007). W powyzszych badaniach zaleznosci te dotyczyty
glownie przedmiotow o charakterze teoretycznym, podczas gdy w badaniach
wlasnych analizowano réwniez zaleznoS$ci z przedmiotami z modutu praktycznego,
ktére bezposrednio reprezentuja poziom wyszkolenia bojowego podchorazych.
Ponadto w zyciu wojskowym, dla Zzotnierzy szczegdlne znaczenie ma poziom ich
wytrzymatos$ci oraz sily, zapewniajacy bezpieczne i efektywne wykonywanie
fizycznej pracy wojskowej w warunkach garnizonowych oraz poligonowych
(Aandstad, 2020).

W swietle rosngcego zainteresowania kobiet stuzbg wojskowa kontynuuje si¢
badania dotyczace roznic miedzypiciowych zolnierzy w poziomie sprawnosci
fizycznej. Badacze sugeruja m.in., ze zasadnym jest wprowadzenie ukierunkowanego
programu treningowego dla Zolnierzy kobiet, celem zmniejszenia fizjologicznych
réznic miedzyptciowych. Glowne rdéznice obserwuje si¢ w wydolnosci sercowo-
-oddechowej oraz sile mig$niowej. Ponadto kobiety poddawane sg stosunkowo
wigkszemu stresowi fizjologicznego w porownaniu do mezczyzn podczas
zintegrowanych ¢wiczen wojskowych, czego glownym powodem jest ich nizsza
sprawnos¢ aerobowa i mniejsza maksymalna sita migsniowa (Vikmoen i wsp., 2020).

Podsumowujac, opisane powyzej elementy bezposrednio §wiadczg o gotowosci
zolierza do prowadzenia walki na wypadek konfliktu zbrojnego jak rowniez w czasie
pokoju na wypadek kryzysu, podczas ktérego niezbgdne bedzie uzycie wojska.
Kryteria oceny wyszkolenia bojowego rozni¢ si¢ moga w zalezno$ci od rodzaju wojsk

czy zajmowanych stanowisk stuzbowych. Armie réznych panstw stosowa¢ moga
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odmienne kryteria oceny wyszkolenia bojowego, ze wzglgdu na rézne koncepcje
organizacyjne sit zbrojnych, czy na przyklad poziom zaawansowania
technologicznego (Peri¢ 1 wsp., 2013). Wiodgcym modutem szkolenia w trakcie
jednolitych studiéw magisterskich na kierunku Dowodzenie w AWL jest modut
praktycznych przedmiotow wojskowych. W pierwszych etapach szkolenia,
przedmiotami reprezentujacymi wyszkolenie bojowe podchorazego sa wychowanie
fizyczne, szkolenie strzeleckie, topografia wojskowa oraz podstawy taktyki. Dlatego
tez w niniejszej pracy pod uwage wzieto czynniki decydujace o poziomie osiggniec
akademickich z powyzszych przedmiotow oraz poziomie opanowania umiejetnosci

strzeleckich.
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5. Cel badan

Celem badan byto poszukiwanie zwigzkéw pomigdzy poziomem sprawnosci
fizycznej, funkcjami wykonawczymi, osiagnigciami akademickimi oraz poziomem
wyszkolenia bojowego podchorazych a takze zbadanie roznic migdzyplciowych
W poziomie tych cech wsrod podchorazych Akademii Wojsk Ladowych we Wroctawiu.

Dla uszczegotowienia celu badan, postawione zostaly nastgpujacej pytania
badawcze:

1. Czy obserwuje si¢ roznice (jesli tak, to jakie) miedzy kobietami i me¢zczyznami
W poziomie osiggni¢¢ akademickich, funkcji wykonawczych i wyszkoleniu
bojowym?

2. Czy wystepuja zaleznosci (jesli tak, to jakie) miedzy komponentami
morfologicznymi i motorycznymi a osiggnigciami akademickimi w grupach kobiet
1 mezczyzn?

3. Czy wstepuja zaleznosci (jesli tak, to jakie) miedzy komponentami motorycznymi
a poziomem wyszkolenia bojowego w grupie me¢zczyzn?

4. Czy wystgpuja zaleznoSci (jesli tak, to jakie) miedzy komponentami
morfologicznymi i motorycznymi a poziomem funkcji wykonawczych w grupach
kobiet i mgzczyzn?

5. Czy wstgpuja zaleznoSci (jesli tak, to jakie) miedzy poziomem funkcji
wykonawczych a poziomem wyszkolenia bojowego w grupie me¢zczyzn?

6. Czy wystepuja zaleznosci (jesli tak, to jakie) miedzy poziomem funkcji

wykonawczych a osiggnigciami akademickimi w grupach kobiet i m¢zczyzn?
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6. Grupa badawcza i metody badawcze

6.1. Charakterystyka grupy badanej

Badaniami obje¢to podchorgzych AWL, ktérzy rozpoczeli jednolite studia
magisterskie na kierunku Dowodzenie. Podchorgzowie pehili czynng shuzbe
wojskowa o charakterze kandydata na zolnierza zawodowego. Grupa badana liczyla
228 zohierzy, w tym 31 kobiet i 197 mezczyzn w przedziale wiekowym 19-25 lat.
Podchoragzowie w efekcie 5 letniego szkolenia i ksztatlcenia w AWL, promowani sg na
stopien podporucznika Wojska Polskiego 1 zajmujg swoje pierwsze stanowiska
stuzbowe w jednostkach wojskowych w roli dowodcy plutonu.

Kryterium wiaczenia do badan byto wyrazenie swiadomej zgody uczestnika na
udzial w badaniu oraz uzyskanie pelnej, bezwarunkowej promocji na Kolejny semestr
nauk. Podstawg prawna przeprowadzenia badan byta zgoda Rektora — Komendanta AWL
(nr 271 z dnia 18.01.2021 r.) oraz zgoda Komisji ds. Etyki Badan Naukowych Akademii
Wychowania Fizycznego we Wroctawiu (nr 2/2021 z dnia 12.02.2021 r.). Wszystkie
procedury wykonywane w tym badaniu z udziatem ludzi bytly zgodne z Deklaracja
Helsinska.

Rekrutacja do badan
N =228 (m=197, k=31)

Artykut nr 1
N =228 (m =197, k = 31)

- 15 zrezygnowato ze studiowania

Y

- 45 nie wyrazilo zgody na udzial w badaniu

A 4
Artykut nr 2

N =137 (m = 137)

Y

- 12 nie spehito kryteriow wiaczenia

Artykut nr 3
N =137 (m =137, k=19)

Legenda: N — wielko$¢ proby, m — mezczyzni, k — kobiety.
Rycina 1. Schemat sekwencji dziatan w przeprowadzonych badaniach
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6.2. Zastosowane metody badawcze

6.2.1. Poziom rozwoju morfofunkcjonalnego

a) Komponenty morfologiczne:
Za pomocg wagi kolumnowej z zintegrowanym wzrostomierzem SECA 704S zmierzono:

—  Wysokos¢ ciata [mm] — zastosowano technike Martina.

— Masg ciata z doktadnoscig pomiaru do 0,1 kg.

Pomiar wysoko$ci i masy ciala kazdorazowo zostat przeprowadzony w hali

gimnastycznej w stroju sportowym (spodenki + koszulka z krétkim rgkawem). Na
podstawie zmierzonych parametrow somatycznych wyliczono wskaznik masy ciata

BMI (body mass index) wg. wzoru:

Masa ciata [kg]
BMI =

Wysoko$¢ ciata® [m?]

b) Komponenty motoryczne zostaly ocenione na podstawie pomiaru:

— Sily statycznej — pomiar za pomocg proby $cisku dynamometru dtoniowego.

— Szybkosci — okreslana za pomoca biegu wahadtowego 10x5 m.

—  Wytrzymatosci — okres$lana za pomoca biegu na dystansie 1000 m.

Pomiary poziomu rozwoju motorycznego przeprowadzone kazdorazowo

w stroju sportowym w hali gimnastycznej (spodenki + krotka koszulka). Badanie
poprzedzone zostalo kilkuminutowg rozgrzewka, stownym komentarzem oraz

pokazem. Kolejnos¢ testow zawsze byta taka sama.

6.2.2. Ocena funkcji wykonawczych

Dla oceny procesOw zwigzanych z niektorymi funkcjami wykonawczymi
(celowe przeszukiwania materiatu, utrzymania i przerzutnosci uwagi, sekwencyjne
przetwarzanie informacji oraz monitorowanie wtasnego zachowania) wsroéd grupy
badawczej przeprowadzony zostat Kolorowy Test Potaczen (CTT) w wersji dla

dorostych.

26



6.2.3. Ocena osiggni¢¢ akademickich

Sprawno$¢ uczenia si¢ okreslona zostata na podstawie semestralnych wynikow
akademickich (ocen) z przedmiotow:

— cywilnych: humanistycznych i spotecznych oraz $cistych i przyrodniczych,
— wojskowych: teoretycznych i praktycznych.

Uwzgledniona w analizie ocena z danej grupy przedmiotow stanowita §rednig
arytmetyczng ocen studenta wchodzacych w sktad danej grupy osiagnie¢ akademickich.
Grupg przedmiotow cywilnych humanistycznych i spotecznych stanowity: historia
polski, jezyk angielski, podstawy zarzadzania, cywilnych $cistych i przyrodniczych:
informatyka w dowodzeniu, matematyka, natomiast do grupy przedmiotow
wojskowych teoretycznych zaliczono: ksztaltowanie postaw patriotycznych, teoria
bezpieczenstwa 1 klasyfikacja zagrozen oraz do przedmiotow wojskowych

praktycznych: wychowanie fizyczne, szkolenie strzeleckie, topografia wojskowa.

6.2.4. Ocena wyszkolenia bojowego

Celem okreslenia poziomu wyszkolenia bojowego podchorazych analizie
poddano ich wyniki pozyskane ze szkolenia strzeleckiego oraz osiagnigcia
akademickie z praktycznych przedmiotow wojskowych (wychowanie fizyczne,
taktyka, topografia). Strzelania okreslity umiejetno$¢ prowadzenia ognia do celow
stalych oraz ruchomych z réznych postaw strzeleckich i zostaty przeprowadzone

podczas zaje¢ programowych z przedmiotu szkolenie strzeleckie.

6.3. Analizy statystyczne

Zgromadzone wyniki zostaly poddane szczegdtowej analizie statystycznej,
stosujac w zaleznosci od potrzeb nastepujace metody Statystyczne:

— normalno$¢ rozktadu poszczegdlny zmiennych oceniono na podstawie testu
Shapiro-Wilka oraz testu Kotmogorowa-Smirnowa w zaleznosci od liczebno$ci
grup i podgrup badanych;

— obliczono wartosci $rednie, odchylenia standardowe (SD), wspotczynniki
zmienno$ci (v) oraz poziomy ufnosci;

— W celu okreslenia istotno$ci statystycznej réoznic pomiedzy badanymi zmiennymi
wyodrebnionych grup podchorazych ze wzgledu na pte¢ przeprowadzona zostata

analiza wariancji dla klasyfikacji jednoczynnikowej ANOVA;
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— istotno$¢ réznic miedzy dwoma $rednimi obliczono testem t-Studenta dla prob
niezaleznych oraz za pomocg testu U Manna-Withneya dla prob niezaleznych,;

— aby okresli¢ ktore ze $rednich réznig si¢ miedzy sobg w pracy wykorzystano
standardowg procedur¢ wielokrotnych poréwnaé post-hoc w postaci testu NIR
(najmniejszych istotnych ro6znic);

— zwigzki miedzy zmiennymi wyjasnianymi a wyjasniajgcymi oceniono za pomoca

korelacji Spearmana oraz Pearsona, postugujac si¢ nastepujaca interpretacja:

— korelacja niska 0,0 <r < 0,4,

korelacja umiarkowana 0,4 <1 <0,7,

— korelacja wysoka 0,7 <r<0,9,

korelacja bardzo wysoka 0,9 <r < 1,0.

— zalezno$ci pomiedzy badanymi zmiennymi wyjasnianymi a wyjasniajagcymi
przeanalizowano za pomocg regresji optymalnej, metoda najlepszego podzbioru
oraz za pomoca regresji krokowej postepujacej. Pozwolilo to wyznaczy¢
optymalny zbidr zmiennych wyjasniajacych.

Roéwnanie regresji wyznaczone w wynik obliczefn miato postac:

Zmienna wynikowa = o+ f1X1 + ... + PpXp + €,
gdzie: Bo — wyraz wolny rownania regresji,
B1,...,pp — wspotczynnik rownania regresji,
X1,..., Xp— zmienne niezalezne,
e —niezalezne btedy losowe.

Celem okreslenia, w ilu procentach zmienne niezalezne wyjasniajg zmienno$¢
wynikow zmiennej zaleznej, warto§¢ wspolczynnika determinacji wielorakiej R
pomnozona zostala przez 100%.

Dodatkowo w analizie uwzglgdniony zostat standaryzowany wspotczynnik
regresji czgsciowe] beta (). Informuje on o tym, na ile zmieni si¢ zmienna zalezna
wskutek standaryzowanej zmiany zmiennej niezalezne;.

Istotno$¢ statystyczna w pracy, w przypadku wszystkich zastosowanych testow
przyjeta zostata na poziomie p < 0,05. Obliczenia wykonano w programie Statistica v. 13
firmy StatSoft w Pracowni Badan Biostruktury Akademii Wychowania Fizycznego

we Wroclawiu, posiadajacej certyfikat ISO 9001.
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7. Podsumowanie

Artykut nr 1 pt. ,Influence of Physical Fitness and Attention Level on
Academic Achievements of Female and Male Military Academy Cadets in
Poland” przedstawia analiz¢ zwigzkéw pomigdzy poziomem sprawnosci fizycznej
I wybranymi funkcjami wykonawczymi a osiggnigciami akademickimi podchorazych
w AWL.

Wspotczesna stuzba wojskowa na stanowiskach dowodczych stawia
niezmienne wysokie wymagania w obszarze sprawnosci fizycznej. Jednakze rosnaca
wartoscig staje si¢ rowniez ponadprzecigtna sprawnosci w zakresie intelektu
i funkcjonowania poznawczego. Objawia si¢ ona m.in. w umiejetnosci dostosowania
si¢ do zmieniajgcych si¢ warunkow, kreatywnosSci czy ,,stabilnosci poznawczej”
rozumianej jako odpornosci na stres czy zdolnosci do samoregulacji. Ponadto,
Osiggnigcie zamierzonych efektow ksztalcenia podchorazych jest wyrazone przez ich
osiggni¢cia akademickie, ktore z kolei powigzane s3a z poziomem funkcji
wykonawczych. Co wigcej, W ostatnich latach obserwuje si¢ znaczny wzrost
zainteresowania stuzbg wojskowa wsrod kobiet, dlatego tez badania nad powigzaniami
sfery poznawczej z fizyczng sa wazne pod katem roznic migdzypiciowych.

Wyniki badan wykazaly istotng réznice pomiedzy kobietami 1 m¢zczyznami
w zakresie poziomu osiggnie¢ akademickich. Mgzczyzni osiggali istotnie wyzsze
oceny z praktycznych przedmiotdéw wojskowych. W grupie kobiet sita reki
dominujacej okazata si¢ by¢ istotng determinanta wynikOw w nauce wyjasniajac
wspolnie z testem uwagi CTT-1 39,9% zmienno$ci wynikow przedmiotow cywilnych
(humanistycznych 1 spotecznych), wspdlnie z masa ciata oraz wysokoscig 50,8%
zmienno$ci wynikow przedmiotow cywilnych (Scistych 1 przyrodniczych) oraz
wspolnie z wskaznikiem masy ciala BMI, masg ciala oraz wysokoscia 44,1%
zmiennosci wynikow przedmiotéw wojskowych (teoretycznych).

Na podstawie powyzszych badah, mozna stwierdzi¢, ze glowny nacisk
w szkoleniu wojskowych podchorgzych, a w szczegdlnosci wsrod kobiet zwrocony
powinien by¢ na rozwdj 1 utrzymanie wysokiego poziomu sity. Przyktadem
ukierunkowanych zaje¢ moga by¢ dodatkowe treningi obwodowe na sitowni,
Zz wlasnym ci¢zarem ciata, marsze z ci¢zarami, pokonywanie toréw przeszkod czy

crossfit.
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Artykut nr 2 pt. ,,Alternating Attention and Physical Fitness in Relation to
the Level of Combat Training” przedstawia analize zwigzkéw pomiedzy poziomem
wybranych funkcji wykonawczych i1 sprawnosci fizycznej a poziomem wyszkolenia
bojowego (sprawnoscig strzeleckg oraz osiggnieciami akademickimi z praktycznych
przedmiotow wojskowych).

Zdolno$¢ do obrony granic oraz potencjat operacyjny sit zbrojnych sprowadza
si¢ w duzej czesci do poziomu wyszkolenia bojowego pojedynczego zoierza.
Szczegodlnie wazne jest dla przysztego dowoddcy jako organizatora i realizatora
szkolenia na poziomie plutonu, kompanii i kolejnych struktur wojskowych.
Bezapelacyjnie to wysoka sprawno$¢ fizyczna i poznawcza kazdego zolnierza
warunkuje jego gotowo$¢ do prowadzenia dziatan wojennych i mobilizacyjnych.
Poziom wyszkolenia bojowego mozna ocenia¢ na podstawie réoznych parametrow
w zaleznos$ci od etapu szkolenia oraz przeznaczenia i rodzaju sit zbrojnych. Wérod
podchorazych za poziom wyszkolenia bojowego uznaje si¢ poziom ich sprawnos$ci
strzeleckiej i fizycznej oraz poziom wyszkolenia taktycznego i topograficznego.
W literaturze przedmiotu wsrod potencjalnych determinantéw wyszkolenia bojowego
pomijano jak dotad sfer¢ poznawcza, skupiajac uwage gléwnie na sprawnosci
fizycznej. Dlatego w niniejszym artykule przeprowadzono analiz¢ zwiazkow miedzy
poziomem funkcji wykonawczych a wyszkoleniem bojowym podchorazych.

Znaczaco wyzsze osiaggniecia akademickie z praktycznych przedmiotow
wojskowych zwigzane byly z wigkszym poziomem sity oraz lepsza wytrzymatoscia
me¢zczyzn. Sprawnosé fizyczna badanych nie stanowita istotnej zmiennej wptywajacej
znaczaco na ich celno$¢ strzelecka. Glownym wynikiem pracy jest ujawnienie si¢
poziomu funkcji wykonawczych jako silnego determinanta sprawnos$ci strzeleckiej
podchorazych. Ostatecznie w modelu predykcji celnosci strzelania znalazta si¢ tylko
jedna zmienna istotnie statystyczna — wyniki Kolorowego Test Potaczen CTT-2
(B =-0,566). Poziom funkcji wykonawczych, badany powyzszym testem, istotnie
wyjasnia 31,5% zmiennosci wynikow strzeleckich podchorazych (skorygowane
R?=0,315).

Problem sprawnosci strzeleckiej 1 czynnikéw na nig wplywajacych pozostaje
jednak otwarty. Niemniej jednak, w przysztosci warto prowadzi¢ kolejne badania po
zastosowaniu ¢wiczenia stymulacji poznawczej (np. mindfulness-based attention
training (Nassif i wsp., 2021) czy active-response-inhibition training (Biggs i wsp.,

2015)) w celu podniesienia poziomu sprawnosci strzeleckie;.
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Artykut nr 3 pt. ,Executive Function Level in Cadets’ Shooting
Performance” przedstawia analiz¢ powigzan funkcji wykonawczych ze sprawnoscia
strzelecka oraz réznic migdzyptciowych w poziomie tych cech wsrod podchorazych
AWL.

Funkcje wykonawcze petnia kluczowa role w zachowaniu si¢
w niespodziewanych sytuacjach, w ktorych to ich uzycie warunkuje sukces w dziataniu.
Do takich sytuacji zaliczy¢ mozna zdarzenia i czynnosci niebezpieczne, trudne
technicznie oraz wymagajace korekty btedow (Diamond, 2013). Potencjalnie, poziom
funkcji wykonawczych jest rowniez wazny w stuzbie wojskowej a w szczegodlnosci
ich poziom powigzany moze by¢ z sprawnoscig strzelecka. Czynnosci strzelca podczas
strzelania w swej strukturze technicznej wymagaja od niego m.in. skupienia uwagi na
celu, przerzutno$ci uwagi oraz monitorowania wlasnego zachowania. W artykule
podjeto probe odpowiedzi na pytanie czy sprawno$¢ strzelecka podchorazych
powigzana bedzie z ich poziomem funkcji wykonawczych. Dodatkowo analizie
poddano potencjalne réznice miedzyplciowe w poziomie sprawnosci strzeleckiej oraz
funkcji wykonawczych.

Wyniki badan nie ujawnity istotnych rdéznic pomigdzy kobietami oraz
mezezyznami w poziomie funkcji wykonawczych oraz W sprawnosci strzeleckie;.
Natomiast okazalo si¢, ze wyzsze wyniki strzeleckie osiggane przez mezczyzn we
wszystkich strzelaniach z badania tj. w strzelaniu z karabinka, z pistoletu wojskowego,
z pistoletu maszynowego jak rowniez w strzelaniu z karabinka w masce
przeciwgazowej, oraz przez kobiety w strzelaniu z pistoletu byly silnie istotnie
powigzane z wyzszymi funkcjami wykonawczymi.

Doktadniejsza analiza specyficznych funkcji poznawczych waznych z punktu
widzenia sprawnosci strzeleckiej, moze pomoc w opracowaniu 1 wdrozeniu
ukierunkowanych interwencji doskonalacych programy szkolenia strzeleckiego, nie
tylko w stuzbie wojskowej, ale takze w innych stluzbach w ktorych bron jest

podstawowym narzedziem pracy.
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. WhniosKi

. Badanie funkcji poznawczych, osiggnie¢ akademickich oraz wyszkolenia
bojowego pozwolito lepiej zrozumieé¢ funkcjonowanie w obszarze tych zmiennych
oraz wzajemne ich zalezno$ci w grupie podchorazych.

Szkolenie w jednostkach wojskowych przeprowadza si¢ zwykle w mieszanych
ptciowo plutonach. Majac $wiadomos¢ idacych za tym wyzwan organizacyjnych, pod
rozwagg nalezatoby wzigé wprowadzenie fizycznego treningu uzupetniajacego dla
kobiet. Celem dodatkowego programu szkolenia powinna by¢ gléwnie poprawa
w zakresie sity mi¢sniowej, jako jednego z gléwnych czynnikow waznych
w shuzbie wojskowej, tym bardziej, ze sita okazata si¢ by¢ wazng zmienng dla
osiggnie¢ akademickich podchorazych kobiet.

Doktadniejsza analiza roli innych funkcji wykonawczych wéréd podchorazych
moze pomdc w zrozumieniu zaleznosci miedzy funkcjami wykonawczymi
ainnymi zmiennymi kluczowymi dla wyszkolenia bojowego zotnierzy.
Przyktadem moze by¢ wyszkolenie strzeleckie, dla ktorego funkcje wykonawcze
okazaty si¢ by¢ istotnym determinantem.

Podchorgzowie zar6wno kobiety jak 1 mezczyzni reprezentujg podobny poziom
funkcji wykonawczych jak i sprawnosci strzeleckiej, dlatego tez nie powinno si¢
roznicowac obcigzenia oraz sposobow oceny w szkoleniu ze wzgledu na ptec.
Prowadzenie w przysztosci podobnych badan ws$rdéd podchorazych moze
przetozy¢ si¢ na optymalizacj¢ procesu szkolenia w akademiach wojskowych,

ktore odgrywaja wazng role w systemie obronnym panstwa.
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Abstract: A professional soldier should be characterized not only by high physical fitness but also by
high intellectual and cognitive skills. Therefore, it is important to focus on the future commanding
cadre-cadets that are educated in military academies. The aim of the study was to look for correlations
between the level of physical fitness and attention and academic achievements (AA) in different
subjects among cadets studying at military academies. The research group consisted of students of a
military academy in Poland, i.e., 228 cadets, including 31 women and 197 men. Correlations between
explained and explanatory variables were assessed using Pearson’s correlation. Correlations between
AA and somatic parameters and motor components were analysed using optimal regression, using
the best subset method. A statistical difference was found between men and women in terms of
the level of somatic and motor development; men also performed significantly better in practical
military subjects. In the female group, dominant hand strength is a significant determinant of AA
in civilian and theoretical military subjects. The findings suggest the need for specialized training
aimed at bridging the major differences in physical fitness between men and women by placing
greater emphasis on muscle strength development.

Keywords: physical fitness; academic achievements; attention; army cadets; women

1. Introduction

High physical fitness has always been perceived as an indispensable attribute of a
soldier. It is still the basis for assessing the combat value of the modern army. Despite the
progressive civilizational development, digitalization and robotization, military service
will always be associated with high physical fitness.

The most important goal of physical fitness is positive physical health, which deter-
mines the low risk of health problems and also the development of the ability to engage in
daily tasks with adequate energy [1].

With the current knowledge, there is no doubt that physical activity has many health
benefits. It is an important protective factor against many health disorders and chronic non-
infectious diseases such as obesity, type 2 diabetes, cardiovascular diseases (hypertension,
cardiac arrest) and age-related diseases such as dementia and Alzheimer’s disease [2].
The risk of diseases such as osteoporosis and ischemic heart disease in adulthood can be
reduced by regular physical activity from an early age [3-5].

In addition, researchers have confirmed the positive effects of exercise on cognitive
function due to increased blood flow to the brain; more neurotransmitters; improved plas-
ticity, focus and attention; and more efficient information processing [6-9]. More frequent
physical activity is associated with higher levels of cognitive processing by increasing
control over these processes [10], and early intervention to support the uptake of physical

Healthcare 2021, 9, 1261. https:/ /doi.org/10.3390/healthcare9101261

https:/ /www.mdpi.com/journal /healthcare

33



Healtheare 2021, 9, 1261

2ofll

activity may be important for maintaining cognitive health, particularly in adulthood and
old age [7].

The literature on the links between physical fitness and learning performance is quite
extensive. Studies support a positive correlation between physical fitness and academic
achievement and its impact on some cognitive functions [11-15]. Examination scores
and grades during learning, directly representing the level of cognitive functions, signifi-
cantly correlate with physical fitness [16-18]. Physical fitness is positively correlated with
academic achievement and also negatively correlated with BMI [19]. Physical activity is
positively related with cognitive function [20-23].

In a study by Bezold et al. [24], an increase in physical fitness level over the course of
a year of schooling led to higher academic achievement achieved by students compared to
other subjects whose fitness level did not change. At the same time, a decrease in physical
fitness level was associated with lower academic performance.

Implementing an adequate amount of physical exercise during childhood may en-
sure better cognitive fitness that translates into, among other things, better academic
performance, especially in a risk group such as those who are prematurely born [25].

Alow level of cardiorespiratory fitness combined with low cognitive fitness in early
adulthood results in a higher risk of dementia and mild cognitive impairment in later
life [26]. Attention to cardiorespiratory fitness may help to reduce the deleterious effects of
aging on brain structures [27].

Physical exercise can be an important instrument in public health efforts, as well as in
projects that optimize educational achievement, cognitive abilities, and prevention efforts
against civilization diseases at the community level [28].

With the current state of knowledge, it is obvious that processes related to attention,
concentration and other executive functions are linked to learning performance reflected in
academie performance. Recent studies support these correlations [29-32]. Most studies
have been conducted in clinical settings. However, only a few publications have addressed
attention and executive functions among academic adolescents without developmental
problems. There is also a lack of such studies among cadets. Therefore, our own research
was enriched by conducting the adult version of the Color Trail Test (CTT).

The CTT is a cross-cultural version of the neuropsychological Trail Making Test (TMT)
that minimizes the impact of language differences. It examines the efficiency of processes
related to attention and executive functions (sequencing, mental flexibility, visual search as
well as motor skills). For our study, we used the first and second part of the Color Trail
Test, which are equivalents of the TMT Part A and Part B [33].

The dynamics of changing conditions on the battlefield, the constant flow of informa-
tion and the need to make the right decision, often under a time regime, require from a
soldier (and especially from a commander-leader) extremely highly developed cognitive
functions. The specific nature of military service places before soldiers the expectations
of rapid learning, efficient assimilation of specialized knowledge and also operating in
practice of specific psychomotor skills.

The research also focused on the military service of women. Relatively recently, they
have been permitted to study in military academies. There are currently 917 women
studying in Poland. Normative documents give female and male soldiers the same rights
and impose the same obligations [34].

Researchers addressing the issue of women's physical fitness in the military have
demonstrated, among other things, that female soldiers experience a greater physiological
load when performing the same operational (physical) tasks as men. During military
exercises, women are at greater risk for musculoskeletal injuries. This may be due to
the need to exert relatively more effort to perform psychomotor tasks at a similar level
as men [35,36).

There is a lack of research in the military academies addressing the links between
physical fitness and attention with intellectual fitness as manifested in academic achieve-
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ment, among other things. This problem seems to be particularly relevant at the stage of
training future commanders.

The aim of this study is to search for the correlation between the level of physical
fitness and attention and learning performance in various subjects of female and male
cadets studying at the military academy.

2. Materials & Methods

In order to find relationships between physical fitness and attention levels and AA
in different subjects among female and male cadet groups, we designed a cross-sectional
study. This allowed us to examine the hypothesized relationships between the study
variables after the first semester of studies.

The study was based on the consent of the Rector-Commandant of the Military
University of Land Forces (no. 271 dated 18 January 2021) and the approval of the Research
Ethics Committee of the Wraclaw University of Health and Sport Sciences (no. 2/2021
dated 12 February 2021). Recruitment for the study took place on 22 February 2021, which
included an organizational meeting, presentation of the study design and submission of
conscious consent to participate in the study. All data were collected in February 2021 at
the Military University of Land Forces in Wroclaw.

The study group consisted of students from the Military University of Land Forces in
Wroclaw who were admitted to the first year of studies in the field of Commanding in the
academic year 2020,/2021—that is, 228 cadets, including 31 women (age = 20.91, SD = 1.19}
and 197 men (age = 20.66, SD = 1.30).

To determine the level of physical fitness, measurements and tests of individual fitness
components were conducted according to the concept of health-related fitness (H-RF):

1.  Anthropometric measurements

Anthropometric measurements (body height and mass) were performed in sportswear
in the sports hall. Height (accuracy of measurement 1 mm) and body mass (accuracy of
measurement 0.1 kg) were measured using the Martin technique with a medical anthro-
pometer SECA. Based on the measured somatic parameters, body mass index (BMI) was
calculated. Basic data on age and sex of the subjects were obtained from a questionnaire.

2. Motor components

Motor components were assessed by measuring static hand strength and speed
(10 x 5 m shuttle run). The examination was preceded by a warm-up, demonstration
and verbal commentary, according to the guidelines of “Eurofit for adults” [37].

a. Dominant hand strength

Hand strength was measured using a Stanley hydraulic hand dynamometer with
a measurement accuracy of 1 kg. The subject, holding the dynamometer in the fitter
hand away from the torso, clenched the hand as hard as they could. The pointer on the
dynamometer stops at the highest reading until it is zeroed. The test was performed twice,
with the better result used for analysis.

b. Running speed

The subject stood in a starting position with both of their feet in front of the line. After
the command “START", they ran as fast as they could to the second line 5 m away, crossed
it with both feet, and came back. During the run, and especially during the turns, the
subjects were not allowed to support themselves with hands on the floor. The test was
performed once.

3.  Attention

Processes related to attention and some executive functions were examined using the
Color Trails Test (CTT) in CTT-1 and CTT-2 versions.

The test is performed on an A4 sheet on which there are pink and yellow numbered
circles. For CTT-1, the respondent uses a pencil to connect consecutively numbered circles
from 1 to 25 as quickly as possible, while for the second part (CTT-2), the respondent
connects consecutively numbered circles alternating between pink and yellow as quickly as
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possible. The time of completion of each trial and qualitative performance characteristics
are recorded.

The tests were conducted and checked by Dariusz Jamro, M.5c., an academic lecturer
at the Military University of Land Forces who has the necessary skills in the research tool
used. Measurements were made in accordance with all the requirements [33]. Measurement
errors may have occurred during the validation of the test. No errors are noted in the
application of the tool itself in a population without cognitive health problems.

4. Academic Achievements

AAs were determined by the arithmetic mean of grades in the subjects:

c. Civil subjects: humanities and social subjects (Polish history, English language,
basics of management) and science and natural sciences (computer science in
command, mathematics);

d. Theoretical military subjects (shaping patriotic attitudes, security theory and
classification of threats);

e Practical military subjects (physical education, shooting training, military topog-
raphy).

Physical fitness tests and anthropometric measurements were always performed at the
same time of day and in the same place. The warm-up always had the same form. The CTT
tests were performed on a single day in a lecture hall with a thorough explanation of how
to perform the test. The correctness and evaluation of CTT performance was checked twice.
Data were collected by the physical education staff of the Department of Physical Education
and Sports at the Military University of Land Forces specialized in scientific research.

Quantitative variables in the form of physical fithess components (age, weight, height,
BMI, handgrip strength, running speed and agility) and attention-related variables (CTT-1
and CTT-2) were treated as explanatory variables in this study. Quantitative variables
in the form of academic achievement (mean grades in each group of subjects) were the
explained variables.

3. Statistical Analysis

The collected results were subjected to detailed statistical analysis by calculating for
all variables: normality of the distribution of individual variables was assessed using the
Shapiro-Wilk test (for the group of women, N = 31) and the Kolmogorov—Smirnov test (for
the group of men, N = 196), relationships between explained and explanatory variables
were assessed using Pearson’s correlation and relationships between AA and somatic
parameters and motor components were analysed using optimal regression, using the best
subset method. The condition of normal distribution was met in order to apply the method
of optimal regression. This made it possible to determine the optimal set of explanatory
variables (taking into account the interdependencies between them) that could best predict
the performance of the explained variable. We decided to include four variables in each
model because of the different types of variables analysed in the article—(1) anthropometric
variables: age, body height, body mass; (2) strength as a component highly desirable for
military service; (3) speed as a component related to cognitive speed; and (4) variables
related to attention level: CTT-1 and CTT-2. The authors subjectively expected that each
type of variable could enter the model. Statistical significance in the study, for all tests
used, was taken at p < 0.05.

All caleulations were performed in a professional program Statistica v. 13 from StatSoft
Poland in the Department of Biostructure of the Wroclaw University of Health and Sport
Sciences, certified by ISO 9001.

4, Results

Among the somatic traits and motor components, significantly higher scores were
registered in males (Table 1). In contrast, females obtained higher results in a test checking
the level of attention and some executive functions, with statistically significantly better
results in CTT-2 (61.97 & 11.94, p = 0.0230). Differences in CTT-1, although noticeable, also
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turned out not to be statistically significant in favour of females (30.87 + 9.44, p = 0.0748)
(Table 1).

Table 1. Variation in mean values of morphological and motor characteristics as well as AA and attention level by Student’'s

t-test for independent samples between men and women.

Men Women
T-test
Variable _ =197 _ W= 8
x sd v x sd v t r

Age [years] 20.66 130 627 2091 1.19 5.70 102 0.3076 0.19
Body height [cm] 179.38 5.606 315 16767 404 2.4 11.07 0.0000 214
Body mass [kg] 7769 7.86 1012 63.37 449 7.08 9.88 0.0000 150
BMI [kg.-’mlj 2413 206 854 2250 1.39 6.19 423 0.0000 0.82
Strength of the dominant hand [kg] 12462 18.73 15.03 BB.87 13.77 15.49 10.20 0.0000 197
Shuttle run 10 % 5 m [s] 18.45 Loz 553 19.63 .83 4.22 612 0.0000 118
CTT-1 [s] 33.96 B.87 26.11 30.87 Q.44 30.58 1.79 0.0748 0.34
CTT-2 [s] 68.42 1496  21.86 61.97 11.94 19.27 229 0.0230 0.31
Civil subjects (humanities and social sciences) [grade] 4.40 0.29 6.63 446 0.33 7.35 0.93 0.3529 0.20
Civil subjects (science and natural sciences) [grade] 3.90 0.27 6.96 4.02 021 5.16 244 0.0155 0446
Military subjects (theoretical) [grade] 470 0.26 5.61 473 025 5.35 0.52 0.6005 0.1z
Military subjects (practical) [grade] 420 0.30 713 3.98 .36 9.06 3.65 0.0003 0.80

¥—mean, sd—standard deviation, v—coefficient of variation, g—Hedges' g effect size. Bold indicates p < 0.05.

Among the analysed groups of subjects, significant differences occurred in the re-
sults of civilian (science and natural sciences) and military (practical) subjects. Women
performed better in civilian subjects (science and natural sciences) (4.02 & 0.21, p = 0.0155),
while men showed better results in military (practical) subjects (4.20 =4 0.30, p = 0.0003).
The differences in AA in the other groups of subjects, i.e., civil subjects (humanities and
social sciences) and military subjects (theoretical), were not statistically significant.

The analysis of simple correlations between the analysed somatic and motor variables,
level of attention, and AA allow us to state that in the female group, the correlations are
partially statistically significant (Table 2). Achievement in civil subjects (humanities and
social sciences) and CTT-1 test scores appeared to be positively correlated with dominant
hand strength.

The highest correlations were found in the results obtained in civil subjects (sciences
and natural sciences). They correlated positively with body weight, body mass index BMI
and right-hand grip strength.

In the analysis of the correlations between components of physical fitness, attention
level and AA in the male group, there are essentially no correlations (Table 3). Dominant
hand strength was positively associated with performance in civilian subjects (science and
natural sciences). In contrast, higher scores in military (theoretical) subjects were favoured
by lower hand strength. Men with greater body height achieved better results in military
(practical) subjects; however, the strength of this correlation was very weak.

The results of the regression analysis show that the strength of the dominant hand
turned out to have the greatest influence on AA in civilian and military (theoretical) subjects
in the female group; these relationships were revealed in the analysis of simple correlations
as well as in the regression analysis (Tables 2 and 4). In this case, it is a strong determinant
of AA in civilian and military (theoretical) subjects, which can explain, together with the
CTT-1 attention test, 30.7% of the variation in civilian (humanities and social sciences)
results; together with body mass and height, 43.2% of the variation in civilian (science
and natural sciences) results; and together with BMI, body mass and height, 35.5% of the
variation in military (theoretical) results. The appearance of body mass in the regression
models, on the other hand, seems simple to explain, as many studies show a relationship
between static strength and body mass, which is, after all, the biological basis of this ability.
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Table 2. Correlations between the studied characteristics in the female group. Bold, highlighted correlation coefficients are

significant with p < 0.05.
Body Body . Shuttle Run
Variable 95% CI Age Height Mach BMI CTT-1 CTT2 Hand Grip 10 Sm
Age 2047-2135 - 0.10 013 0.05 0.08 003 021 0.15
Body height 11:‘;'111‘ 0.10 - 0.57 025 0.05 0.05 023 0.05
Body mass 6172-6502 013 0.57 - 0.64 0.22 0.28 0.52 0.19
BMI 2199-2301 005 025 0.64 - 034 032 0.38 0.20
CTT-1 27.41-3433 0.08 0.05 0.22 0.34 - 0.63 0.15 041
CTT=2 57596635  0.03 0.05 0.28 0.32 0.63 - 026 026
Hand grip 83829392 021 023 0.52 0.38 0.15 026 - 0.14
Shuttle run 10 % 5m  19.33-19.93 015 005 0.19 020 0.41 0.26 014 -
Civil subjects
(humanities and 434458 001 020 0.1 0.19 0.11 0.2 0.52 011
social sciences)
Civil subjects (science 5 45 4 19 0.29 0.08 0.43 0.57 0.04 0.02 0.55 0.26
and natural sciences)
Military subjects 463482 0.18 0.16 0.14 0.07 0.30 029 0.53 0.21
(theoretical)
Military subjects 385412 0.08 005 027 025 0.18 027 0.02 0.10
(practical)

Cl—confidence interval, bold indicates statistical significance (p < 0.05).

Table 3. Associations between the studied characteristics in the male group. Correlation coefficients highlighted in bold are

significant with p < 0.05.
Body Hand Shuttle Run
Variable 95% CI Age Height ~ BodyMass BMI  CTT:1  CTF2 Grip 10 S
Age 20 48-2084 - 002 010 0.08 001 007 0.00 011
Body height 178.59-180.18 0.02 B 054 012 007 0.09 010 0.01
Body mass 76.59-78 B0 0.10 054 - 076 010 0.07 013 0.03
BMI 23842441 0.08 012 0.76 - 006 0.03 0.08 0.05
CTT-1 32.72-3521 0.01 007 010 0.06 - 042 0.02 0.01
CTT-2 66.32-70.52 0.07 0.09 0.07 006 042 - 010 0.01
Hand grip 121.99-12726 0.00 0.10 013 008 002 010 - —0.19
Shuttle run 10 % 5m 18.31-18.59 0.11 0.01 0.03 0.05 001 -0t —0.19 -
Civil subjects
(humanities and 436444 0.13 0.10 0.06 0.00 006 —0.05 0.06 0.04
social sclences)
Civil subjects {science 3.86-3.94 0.03 0.07 0.01 0.04 005 006 012 0.07
and natural sciences)
Military subjects 4.66-4.74 0.03 0.10 0.06 001 004 006 —0.19 0.04
(theoretical)
Military subjects 416-4.24 0.06 0.17 0.14 004 003 0.06 0.04 0.02
(practical)

Cl—confidence interval, bold indicates statistical significance (p < 0.05). AA in the respective subject groups shows a different correlation in
tested variables in groups of men and women.

In the male group, the result of regression analysis showed only one statistically
significant model. Academic achievement in military theoretical subjects was favored
by lower hand grip strength, higher body mass index, lower body weight, and higher
body height. In the model, these variables collectively explained 6.5% of the variability in
performance in military theoretical subjects.
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Table 4. Results of regression analysis (using the best in terms of adjusted R? 4-element subset method) of AA of men
and women as a function of their morpho-functional development and level of attention. Standardized Coefficients p
highlighted in bold are significant with p < 0.05.

Test for Full Model Standardized Coefficients B for Selected Variables
Shuttle
Variable Sex F P Adjusted 2 Age Do0¥  Body o py orpy crre HMaMd TRy,
Height Mass Grip
10 = 5m
Civil subjects w432 0.0082 0.307 0.135 0425 0379 0459
ities and
(}s':c':f,’:n;:;} m 190 01113 0.018 0133 0116 0.072 0.074
Civil subjects w670 0.0008 0.432 0195 —0.465 D488 0.365
ience and
na{:;al sciences) ™ 133 02590 0.007 0.068 0075 0070 0123
Military subjects 514 00035 0.355 2181  —2855 2191 0.674
{theoretical) m 441  0.0020 0.065 1280  —1793 1554 —0.198
Military subjects w128 0.3016 0.037 1313 1794 1309 0.248
(practical) m 180 01306 0.016 0059 0128 0.060 0.048

Adjusted R2—coefficient of determination, f significant at p < 0.05—marked in bold, w—women, m—men.

5. Discussion

A future professional soldier should be characterized not only by high physical fitness
but also by high intellectual and cognitive skills. The aim of the training of cadets at the
Military University of Land Forces is for graduates to have the ability to recognize, diaghose
and solve problems while commanding a subunit, including leadership, education, training,
methodology, managing human resources, effective communication, as well as negotiation
and responsibility for commanding and training subordinates.

The main results of our study are the results of correlation and regression analysis
in the female group, indicating that the level of physical fitness (mainly the strength
component) but also partially the level of attention, body mass and BMI influenced the
academic achievements of female cadets. Strength level significantly positively correlated
with performance in three of the four subject groups analysed. Additionally, hand muscle
strength entered three significant models with a high adjusted R? fit coefficient, explaining
the variability in academic achievement. It should also be noted that in the male group,
the result of regression analysis showed only one statistically significant model. Academic
achievement in military theoretical subjects was favored by lower hand tightness, higher
body mass index, lower body weight and higher body height. Of course, this was not the
expected result; however, the coefficient of determination of this model was only 6.5%,
which may indicate randomness, and it is difficult to predict academic achievement from
such a result.

With reference to attention, variables measured by the CTT-1 and CTT-2 instruments
did not influence the theoretical and practical military competencies. The study was
conducted among a heavily selected group of individuals in terms of school performance.
Probably because of this, the desired results were not obtained in this area of research.

Additionally, in our research, the results of motor tests indicate a significant advantage
of men over women in the level of strength. This is of great practical significance, as in
specific military tasks (marching with loads, lifting and transporting heavy military equip-
ment including weapons, ammunition, mines, machines, etc.), strength has a direct impact
on the quality of performed tasks. Women are much less able to perform tasks involving
the use of force, especially when it is necessary to use force for a longer period. Moreover, as
a result of strength-intensive activities, women suffer numerous injuries, muscular pains, and
overloading of, e.g., the knee joints and the lumbar spine [35,36,38-40].

With reference to the above results, women performed significantly better in civilian
subjects (sciences and natural sciences) (4.02 + 0.21, p = 0.0155), while men achieved
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significantly higher results in military (practical) subjects (4.20 == 0.30, p = 0.0003). It is not
surprising that men outperformed women in the group of military (practical) subjects, the
results of which were directly related to subjects (physical education, shooting training,
military topography) requiring physical activity and therefore are directly favored by
higher physical fitness.

With the current state of knowledge, the advantage of men over women in muscle
strength is well known and results, among others, from a higher accumulation of testos-
terone, causing the growth and development of muscle mass during sexual maturation in
men. Additionally, in muscle building, men have a predominance of type II fast-twitch
muscle fibres, as well as a greater ratio of type Il muscle fibres to type I. Muscle strength is
also associated with somatic development—greater body height and muscle mass, which
were characteristic of the men studied [36,40].

Arm strength, which is a measure of the strength of the examined men, is particularly
important because its high level is extremely desirable in candidates for professional
soldiers. Already at the recruitment stage to military academies in Poland, strength tests
are an inseparable element of physical fitness tests for both men and women. Then, in the
course of military studies, semester credits include strength tests, starting with hanging
on a bar with arms bent, through marching and running with loads and ending with
pull-ups on a bar and instrumental gymnastics. An adequate level of strength is a desirable
motor ability that has been the subject of much research at other military academies and
cadet training centres around the world [41-45]. The presence of strength in the regression
analysis can be explained by the need for women to undertake strength training, as they
are forced to put the most work into shaping their strength to meet the demands of daily
military service. Equally important is one of the didactic rigours required to pass after each
semester of military studies, i.e., pull-ups on a bar.

It is interesting to note that the group of subjects whose achievements were affected by
strength included only subjects of a theoretical nature, i.e., subjects that are relatively easy
to learn compared to practical military subjects. This can be explained by the initial stage of
the subjects’ training, where practical military skills are only just being taught and require
distinctly different competencies than theoretical military or civilian subjects. Therefore,
it can be assumed that the impact of physical fitness on practical military subjects may
become apparent in the following years of schooling. A breakthrough in this respect may
turn out to be the second year of education when a specialist module begins containing a
significant number of military specialist subjects, mainly practical ones.

Academic achievements analysed in the study directly represent the level of cognitive
functions of cadets, which significantly correlated with physical fithess [16-18]. In our
study, the level of attention examined by the CTT-1 test significantly correlated with
academic achievements in military (theoretical) subjects in a group of women. The results
of studies available in the literature on the relationship between physical fitness and
cognitive functions, cited in this paper, concerned mainly soldiers conscripted or in the
private corps [25,26,28]. There is a lack of this type of research in the military higher
education environment.

Despite the wealth of information on physical fitness and the key role it plays in
military life, there is a lack of work in the professional soldier community and particu-
larly in military academies on the relationship between the level of motor skills, somatic
development, intellectual fitness and academic and military achievements.

Researchers in military academic centres continuously focus their attention mainly on
motor skills, sometimes neglecting the cognitive sphere. This problem should be looked
at in the context of specific tasks and competencies required for a given service position
in the army. While for a private soldier, the basis is physical fitness, which is needed to
perform the basic combat tasks involving mainly highly developed motor components, an
officer or commander, in addition to equally high physical fitness, requires above-average
cognitive fitness—creativity, focus, multi-tasking, quick thinking, learning, etc. This fitness
can be manifested in a variety of ways, such as: the ability to perform a specific task, the
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ability to think and learn quickly, the ability to use a variety of methods, and the ability to
use a variety of tools. This fitness may be manifested in cognitive activities in which the
quality of a decision concerning the execution of a task is important; an example may be a
decision when choosing a way to attack an enemy object on the battlefield.

There are some limitations that should be considered when interpreting the results of
this study. First, the study was conducted among a heavily selected group of individuals
in terms of physical fitness and school performance. In order to be admitted to a military
academy, cadets had to have high scores on their high school final exams and go through
a demanding admissions process, including physical fitness exams and an interview.
Therefore, the results of the study should not be generalized to all students. Moreover, the
results of such a selected group of individuals may often not provide the expected results.

Another limitation is that the study was conducted in the early stages of training,
at the end of the first semester of study, where differences in physical fitness levels in
the context of academic achievement may not yet become apparent. Additionally, as a
cross-sectional study, they cannot describe or explain the cause—effect correlation between
physical fitness level and attention and cadets” academic achievement. Therefore, the above
study will be continued on the same group of subjects in further years of education by the
authors of this paper.

In addition, important individual-level factors that may be responsible for part of the
correlations between physical fithess and academic achievement, such as cadets” motivation,
self-control, individual aptitudes and interests, intelligence level or finally social factors,
were not measured.

The small number of women (N = 31) compared to the men participants (N = 197)
should also be noted; however, the study group consisted of all cadets enrolled in the first
year of study.

6. Conclusions

The results of the research will be used to introduce specialized training aimed at
eliminating the biggest differences in physical fitness between men and women by putting
more emphasis on the development of strength. Examples include additional physical
education classes and training for women only, such as circuit training in the gym with
their own body weight, marching with weights, overcoming obstacle courses, and CrossFit.
Organized exercises to prevent injuries and trauma-stretching, flexibility and stabiliza-
tion exercises may also be beneficial. It should be expected that it will result in optimal
performance of tasks by both genders during joint tactical exercises in military life [35,36].

Conducting further research among female and male cadets may translate into the
optimization of the training process in military academies, which play a significant role in
national defence. Moreover, the results of the study will certainly provide further valuable
data for researchers dealing with broadly defined physical and mental health.
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Abstract: The level of combat training (CT) of the future commander-leader is of critical importance
to the armed forces in national defense. This study aimed to search for the relationship between the
level of alternating attention, physical fitness and shooting accuracy (SA), and academic achievements
in practical military subjects (PMS). The study group consisted of 137 cadets of the Military University
of Land Forces. The measure of alternating attention in the study was the Color Trails Test results.
Motor components were assessed by measuring hand static strength, endurance run, and time of a
speed and agility run. SA and PMS were taken as measures of cadets’ CT. Significantly higher PMS
were associated with higher levels of strength and better endurance in cadets. The physical fitness of
the cadets did not significantly affect the cadets’ SA. The main result of the study is the revelation
of the level of alternating attention as a strong determinant of cadets” SA. The authors suggest that
the main emphasis should be put on the physical preparation of a modern soldier, focused on the
development of strength and endurance skills. It is also reasonable to introduce cognitive stimulation
exercises to shooting training.

Keywords: physical fitness; alternating attention; combat training; cadets

1. Introduction

Armed forces are the basic element of the state defense system, designed for effective
implementation of defense and security policies. They take part in the process of stabilizing
the international situation, in crisis response and humanitarian operations, supporting
internal security and helping society. One of the main elements of evaluating the efficiency
and effectiveness of the army is its combat training (CT), which is treated as the ability to
perform tasks in the armed forces under conditions of war and peace. The elements of CT
consist primarily of the areas of tactical training, shooting, physical fitness (PF), medical
training, commanding, topography, battlefield medicine, and mobilization capabilities. CT
in peacetime demonstrates the readiness of an army to conduct direct combat in the event
of an armed conflict or other crisis, where it will be necessary to use troops. Criteria for
the evaluation of CT vary from one army to another and are determined depending on the
organizational concept of the armed forces, the level of general and technical culture of the
population and the state of health [1]. Despite the current technological progress, modern
methods of warfare invariably require a great psychophysical effort from the soldier, so
one of the main elements in the evaluation of CT is mental preparation and good PF [2-4].

Nevertheless, important determinants of CT and soldier’s readiness to conduct mili-
tary operations are psychosocial factors, the key to which is a high level of motivation of
soldiers and high morale. Most tasks and orders are externally motivated because military
service is closely associated with subordination, hierarchy, control, devotion to regulations
and rules. This indicates the important role of external motivation for soldiers. However,
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internal motivation plays an important role as it drives action even when external moti-
vation ceases. Therefore, it is important for soldiers to feel satisfaction from the action
itself, to see the importance of being given orders, to be able to make sacrifices, and even
those connected with risking their own health and life. A study by Ryan and Deci (2000)
identified three major psychological needs—competence, autonomy, and relationships—
which, when satisfied, provide increased self-motivation and mental health. A high level
of motivation is extremely important for both rank and file soldiers and command staff to
mobilize not only themselves, but more importantly others for commitment, effort, and
quality performance [5].

This corresponds with the contemporary concept of health-related fitness, where PF
is considered a measure of the body’s ability to function efficiently and effectively, to
stay healthy, and as a measure of the ability to maintain resilience and cope with crisis
situations [6]. In contrast, as Howley and Franks (1977) write, “The goal of PF is positive
physical health, which determines low risk of health problems. Performance, on the other
hand, aims at the ability to engage in daily tasks with adequate energy and to participate
satisfactorily in selected sports” [7].

Combat readiness has always been associated with PF testing in the army. Today,
each unit in the armed forces creates its own standard based on different tasks and
responsibilities [2]. To perform combat tasks effectively, military personnel need adequate
levels of muscular strength, power, agility, coordination, and endurance [8-10].

In addition to physical and mental fitness, shooting training of each soldier is an
extremely important determinant of CT. It boils down primarily to effective and accu-
rate shooting at targets with individual weapons (pistols, carbines, selective fire rifles,
etc.). Shooting performance may be affected by both physiological and psychological
factors [11,12]. Shooting tasks are classified as a complex combat ability that requires the
individual to perform multiple motor and cognitive tasks simultaneously (multitasking)
or alternate (task switching) between tasks to achieve a given goal [13,14]. Additionally,
shooting requires focused attention on the target as well as full control of coordination
between postural activity and arm elevation (in the standing shooting stance) [15]. The
results of Tremayne and Barry (2001) confirm that both attentional processing and motor
preparation are involved in skillful pistol shooting [16]. At the same time, it should be noted
that shooting accuracy (SA) largely depends on shooting experience and training [17].

Alternating attention (AA) is one aspect of attention. It is the ability to quickly change
attentional focus and shift concentration deliberately from one direction (task, object,
activity, etc.) to another without processing all the information coming to us [18]. It is
manifested in practice by the ability to possibly shift one’s focus from performing one task
to another [19], as well as the ability to focus attention and re-engage it in response to
external stimuli [18]. AA is examined, among other things, by tests involving tracking and
object finding such as the Color Trails Test (CTT) [20], which is a cross-cultural version of
the neuropsychological Trail Making Test (TMT).

Analyzing the subject literature, according to our current knowledge, there is a lack
of scientific papers in which direct relationships between AA and PF and CT of soldiers
(cadets) have been investigated. Therefore, the purpose of this research is to try to find
the relationship between the level of AA and PF and CT (SA and academic achievements
in practical military subjects (PMS)) in a group of the Military University of Land Forces
(MULF) cadets. Thus, the present study appears to be original and novel and its results
should be of interest to those interested in military science, national security, shooting,
cognitive and PE.

2. Materials and Methods

The study group consisted of cadets—first-year students of MULF in Wroclaw. Cadets
are high school graduates who, after successful recruitment to MULF, were called to active
military service as candidates for professional officers. While on active military duty, cadets
study and receive their education at MULF as a Command Officer Candidate. As a result
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of 5-year studies, graduates are prepared to perform tasks in military units, organize and
conduct training and educational activities at the platoon level. Cadets at the end of training
are promoted to the rank of second lieutenant—the first officer rank of the Polish Army.
The criterion for inclusion in the study was obtaining promotion for the third semester
of study and agreeing to informed participation in the study: Initially, 152 men meeting the
inclusion criteria qualified for the study. During the course of the study, 15 cadets dropped
out of the study by opting out of further military service, wanting to work in another field
in the future. Finally, the complete results of 137 cadets were analyzed (Figure 1). The
average age of the subjects was 21.03 years. The study was conducted in July 2021 at MULE.

N=197
Received an invitation to

participate in the study

=45 did not agree to participate in the study

N=152
Positively responded to the

invitation

y

=15 resigned from studying

h

N =137
Participated in the study

Figure 1. Flowchart of participant enrolment.

The study was designed based on the health-related fitness (H-RF) concept in which
health promotion and concern for functional performance and well-being play a key
role. Attention was paid to those components of PF that primarily inform health i.e,,
cardiorespiratory and neuromuscular fitness and muscular strength [6].

2.1. Items by Which Motor Components Were Assessed

a.  Dominant hand static strength—hand muscle strength was measured using a Stanley
hydraulic hand dynamometer. This is a precise instrument for measuring hand
grip strength. The adjustable handle has five settings, allowing you to adjust the
device to any hand, regardless of size, measuring up to 90 kg. The measurement
was taken with an accuracy of 1 kg. The subject had to clench his hand as hard as he
could. The result was read from the hand of the dynamometer, which stopped at the
highest reading until zero. The test was performed twice and better result was taken
for analysis.

b.  The time of the speed and agility run (10 x 5 m shuttle run)—the test was performed
in a sports hall. After assuming the starting position in front of the designated line,
after the command “START” the examined person ran as fast as they could to the
second line, 5 m away, crossing it with both feet and returning. During the run, and
especially during the turns, the starters could not support themselves with their
hands on the floor. The test was performed once. The time was measured with an
accuracy of 0.01 s. Time was measured with a professional hand-held Casio digital
stopwatch with an accuracy of 0.01 s from the “START” command to crossing the
final line after completing 10 repetitions of the designated 5-m sections.

46



Healtheare 2022, 10, 241

4of 11

c. Endurance—the endurance run took place in an athletics stadium. At the signal
“READY" the tested person stood behind the starting line in the high starting position.
At the signal “START” the participants ran the fastest possible pace to the finish
line for 2.5 laps (1000 m). The test was performed in 10-person groups. Time was
measured with an accuracy of 1s.

The study was always conducted by the same team consisting of experienced special-
ists in human motor skills. The examination was preceded by a warm-up, demonstration,
and verbal commentary. PF was assessed based on a test developed by the International
Committee for Standardization of Physical Fitness Test (ICSPFT) [21]. PF tests were always
petformed at the same time of day and in the same place. One day was allocated separately
for each PF test, the tests were conducted in the following order: static strength of the
dominant hand, 10 x 5 m shuttle run, 1000 m endurance run. Every effort was made to
ensure that each test subject had similar testing conditions.

2.2, Alternating Attention (AA)

The measure of AA in the study was the results of the CTT, which is a paper-and-pencil
neuropsychological tool designed to test adults aged 18 years and older.

The high validity and reliability of the CTT, as well as the simplicity of its tasks
and procedure, combine to make it a particularly valuable tool for diagnosis in clinical
psychology, particularly neuropsychology [20,22-24].

The CTT consists of two inseparable parts: CTT-1 and CTT-2, administered to the
subject immediately one after the other. Each part contains colored (pink and yellow)
circles in which numbers from 1 to 8 (trial) and 1 to 25 (test proper) are placed. In CTT-1,
all odd numbers are printed on pink circles and all even numbers are printed on yellow
circles. In CTT-2, each number is printed twice, once on a yellow background and once
on a pink background. The test task is arranged on a sheet of white paper measuring
2159 x 27.94 cmz, with the trial task on the first side of the sheet and the main task on the
reverse side [25].

The subject’s task was to connect the numbers in straight lines, without taking the
pencil off the paper, in ascending order, with the numbers to be connected in such a way
as to maintain alternating colors. The beginning and end of the task were marked with
graphic symbols. The accuracy of the task and its duration were recorded [22].

Taking into account the differences in the CTT-1 and CTT-2 constructs, the CTT-2
results were used for this study because, unlike the CTT-1, where performance time is a
measure of visual search, sustained attention, and graphomotor ability, the CTT-2 results
additionally provide information about the divisibility of attention and AA and the ability
to process information sequentially. In the context of the CT components examined, the
CTT-2 results provide more valuable data.

According to D'Elia and colleagues, performance time indices of the CTT are used
to measure functions related to the work of the frontal lobes of the brain. The test is used
to examine a variety of processes related to attention and executive functions, specifically
assessing intentional material search, sustained and AA, sequential information processing,
and monitoring of one’s own behavior [20].

The CTT test was administered by a psychologist and took place individually in a
lecture room, always under the same conditions and at the same time of day. The time of
task completion was measured to the nearest 1 second. The correctness and evaluation of
CTT-2 performance was checked twice.

2.3. The Measure of Cadets’ Combat Training (CT)
a. Shooting accuracy (SA)

This included the results of two shots at a fixed target; the first consisted in firing
from a carbine at a target 100 m away in a lying down shooting stance. The second event

involved firing a military pistol at a target 15 m away in a standing stance. The shooter had
five rounds and was required to shoot single fire. The maximum number of points it was
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possible to obtain was 50. The marksmanship score was the average of the points obtained
from the two shooting attempts.

Shooting under the above conditions is primarily used to learn to shoot accurately
with the least possible projectile scatter on the target. These tests are usually performed
as first tests. They are the initial training for the performance at a later stage of advanced
dynamic shooting, with changes of stances, in motion, and under a regime of time and
other restrictions. All subjects had the same shooting experience resulting from the same
MULF training program. The shootings always took place in similar weather conditions
and at the same time of day.

b.  Academic achievements in PMS, determined by the average grade at the end of the
second semester of training in subjects:

o Tactics,

e military topography,

e physical education.

The grades obtained by students ranged from 2-5, in half grade increments. The mean
PMS score was the average of the final semester grades in the three subjects mentioned above.

The explanatory variables were SA (mean score) and PMS (mean score in the subjects).
PF components (handgrip strength, speed-agility running, endurance) and attention-related
variable (CTT-2) were treated as explanatory variables in this study.

The study was based on the approval of the Rector—Commandant of the MULF
(no. 271 dated 18 January 2021) and the consent of the Research Ethics Committee of the
Wroclaw University of Health and Sport Sciences (no. 2/2021 dated 12 February 2021). All
procedures performed in this study involving human participants were in accordance with
the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
Written informed consent was obtained from all participants included.

3. Statistical Analysis

The collected results were statistically analysed by calculating for all variables: nor-
mality of distribution of individual variables was assessed by the Kolmogorov-Smirnov
test, relationships between explanatory and explained variables were assessed by Pearson
correlation, and relationships between AA and motor components of PF and cadets’ SA
were analysed by progressive stepwise regression [26,27]. The explanatory variable in the
regression analysis was SA (shooting scores), while the explanatory variables were: time
achieved in the CTT-2 Color Trails Test, dominant hand grip strength, 10 x 5 m shuttle run
time, and 1000 m run time.

Relationships between AA and motor components of PF and PMS were also calculated
using progressive stepwise regression. The explanatory variable was PMS, while the
explanatory variables were time achieved in the CTT-2 Color Trails Test, dominant hand grip
strength, 10 x 5 m shuttle run time, and 1000 m run time. However, none of the explanatory
variables entered the PMS prediction model, so the description of the results of this analysis
is omitted in the following sections of the paper. The use of the regression method allowed
us to determine the optimal set of explanatory variables (including interdependencies
between them) that would best predict the performance of the explanatory variable—cadet
SA. We chose to include in the model all four explanatory variables analyzed in the study
because of the skills desired in military service (strength, endurance, running speed, and
agility) and high levels of attention and concentration. Statistical significance in the study,
for all tests used, was taken at p <0.05.

All calculations were performed using Statistica v. 13 software from StatSoft in the
Laboratory of Biostructure Research of the Wroclaw University of Health and Sport Sciences,
certified according to ISO 9001.
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4. Results

The basic descriptive statistics of the study group are shown in Table 1. It is noticeable
that the results of the dominant hand grip strength test, endurance run, and CTT have the
largest standard deviation.

Table 1. Descriptive statistics of the study variables.

Variable

n x Reliance —95.0%  Reliance 95.0% sd v

Grip strength

131.50 128.32 134.67 18.80 1430

Shuttle run 10 x 5m

17.98 17.78 18.18 120 6.66

Distance run 1000 m

137 21142 207.49 215.34 23.23 10.99

Color Trails Test (CTT-2)

59.84 57.72 61.96 12.54 20.95

Academic achievements in PMS 417 411 4.24 0.38 9.19

Shooting accuracy

35.58 3460 36.56 5.81 16.34

¥—mean, sd—standard deviation, v—coefficient of variation.

An analysis of the simple relationships between levels of AA and PF with SA and
PMS are presented in Table 2. Higher SA was significantly favored by higher AA of
cadets. Of note is the relatively high Pearson correlation coefficient (—0.57) indicating a
strong relationship.

Table 2. Pearson correlations between the analyzed variables.

Variable Shooting Accuracy Academic Achievements in PMS
CTT-2 —0.57 —0.07
Grip strength 0.06 0.18
Shuttle run 10 x 5m —0.05 0.06

Distance run 1000 m 0.15 —0.24
Correlation coefficients highlighted in bold are significant with p < 0.05.

Among the PF tests, a significantly positive correlation occurred between the dominant
hand grip and PMS and a significantly statistically negative correlation between the 1000 m
run and cadets” PMS. Significantly higher PMS was associated with higher levels of strength
and better endurance in cadets. However, the strength of these correlations was weak.

The results of the regression analysis (using the progressive stepwise method) are
presented in Table 3. Finally, only one variable was significantly statistically included in the
predictive model of SA—the results of the CTT-2 Color Trails Test (p = —0.566). The level
of AA, examined by the above test, was revealed as a strong determinant of SA, which
significantly explains 31.5% of the variability in cadets’ SA (adjusted R? = 0.315).

Table 3. Results of regression analysis (progressive stepwise method) of cadets’ shooting accuracy
(SA) as a function of their level of alternating attention (AA) and physical fitness (PF).

Test for Full Model Standardized Coefficients § for Selected Variables

Variable F

P Adjusted R*  SEE By CTT-2

Shooting accuracy 63.49

0.0000 0.315 0.071 51.27 —0.566

Adjusted RE—coefficient of determination, SEE—standard error of estimation, By—value of the constant,
P significant at the p < 0.05 level—is indicated in bold.

5. Discussion

There is growing evidence in the literature of the positive relationship between PF,
physical activity and aerobic training and academic achievement and more efficient brain
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functioning. It has been confirmed in human and animal studies that physical activity,
particularly aerobic activity, can have a positive impact on many aspects of brain function
and cognition. [t can therefore be inferred that higher endurance capacity may contribute
to higher academic performance. However, these studies, unlike our own, were conducted
on older adults and on animals [28].

In other studies, PF as a construct including attributes related to health and ability has
been linked to academic performance in children and adolescents. Of a total of 45 studies
included, 25 reported a positive association between PF components and academic perfor-
mance [29]. Physical activity has been shown to have a positive effect on concentration,
memory, intellectual performance, and behavior in primary grades [30], although other
studies among secondary school children and adolescents have not found significant cor-
relations. However, a significant limitation of this study was the questionnaire-based
assessment of physical activity. Academic performance was assessed by exam scores in
English, mathematics, and science, among others [31]. Although the results of the above
studies correspond with the results of our own study, it is difficult to make direct compar-
isons due to the different study groups and the different nature of academic achievement.
To the best of our current knowledge, there is a lack of research in the literature on the
determinants of academic achievement of student-cadets, where the measure of such
achievement is in practical subjects.

The cadets’ level of PF expressed in static strength and endurance had a significant
relationship with academic achievement in PMS which, along with SA, speak to their level
of CT. In contrast, AA was not significant for academic achievement in PMS. Perhaps this is
related to the practical nature of the academic achievements included in the study. Indeed,
different conclusions spring from the work of Alavi et al. (2019), who found that academic
performance in theoretical subjects increased as attention levels increased. However, it
should be noted that this study was conducted in a different age group [32].

The results of this study confirm that PF is highly important and desirable among
future commanders. Similarly, as indicated by previous studies of Norwegian cadets,
the level of endurance and strength of soldiers is of particular importance, ensuring safe
and effective performance of physical military work [33]. In this study, a relationship
was sought between the results of selected PF tests (push-ups, squats, pull-ups, standing
medicine ball throw, and Sargent’s jump) and skeletal muscle mass, as a physiological factor
responsible for generating maximum muscle power (strength). This factor, in turn, directly
affects the effective performance of combat tasks indicative of CT such as evacuation of the
wounded, crawling, marches with loads, rapid changes of direction.

Despite the development of modern technologies in military operations, the duties of
soldiers constantly consist of tasks requiring high physical effort, such as carrying or lifting
heavy loads and materials, prolonged physical effort with additional load and combat
equipment, dynamic tactical training or combat shooting. In a study by Pihlainen et al.
(2014), the average work intensity in the measured military tasks (e.g., weighted marches,
lifting and carrying weights ranging from 10 to 43 kg, digging out a shooting position while
lying down), was close to 50% of the soldiers’ maximal aerobic capacity, which suggests,
similar to the results of our study, that the level of fitness is one of the key components of
PF affecting the level of CT. However, it is difficult to directly compare the results of the
cited studies with our own results due to the use of different research tools. Additionally,
the study was conducted in a group of conscript soldiers and not cadets [8].

In order to effectively perform combat tasks, military personnel need adequate levels
of muscular strength and endurance and additionally power, agility and coordination.
A study by Kraemer and Szivak (2012) highlights the key role of anaerobic strength training
for the demands of the modern battlefield [9]. Strength and endurance exercises are ideally
suited for the use of functional actions and movements that reflect combat tasks. Military
commanders recognize the need for combat-focused physical training, i.e., programs
that target the tasks that can be expected during combat [10,34]. Based on the results of
our research, the authors suggest directing the physical preparation of the modern soldier
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towards the development of strength and endurance capabilities. It seems that less attention
can be paid to the running speed and agility of soldiers.

Researchers from the U.S. military community correctly note that standard military
PF tests do not actually test what is needed on the battlefield. In these tests, the main
emphasis is on testing endurance levels, while battlefield tasks also require strength [35].
These observations coincide with the results of our work, where, in addition to endurance,
strength also significantly correlated with elements of CT of soldiers.

In our study, cadets’ SA was not related to their motor fitness. In other authors’
studies the effectiveness of shooting was observed after anaerobic exercise [35], overcoming
obstacle courses [36] as well as after marching with loads [37]. Upper body movements
occurring during breathing significantly impaired the subjects’ ability to keep the weapon
on target. Moreover, the fatigue of the upper body made it much more difficult to shoot
effectively in a standing position. The authors of this study rightly observed that strenuous
physical exertion clearly decreases shooting efficiency. Therefore, it should be assumed that
the initial higher PF may contribute to the maintenance of the SA level after the physical
effort, through a quick recovery after the effort and a smaller decrease of the fitness. Thus,
the lack of relationship between SA and motor fitness of cadets from our study may be due
to the fact that the shooting was static and not preceded by physical exercise.

Making an attempt to interpret the results, according to our current knowledge, it is
necessary to mention the lack of similar studies of the relationship between cognitive
processes (including AA) and the level of CT of soldiers including cadets. AA seems
to be highly important in achieving high shooting results because a shooter is forced to
switch his attention between individual elements important in effective SA (stance, aiming,
alignment of aiming devices (bow and pin barrel), simultaneous focus on the target and
aiming devices, breathing, pulling the trigger and firing the shot). The results of our study
indicate that there is a relationship between the level of attention and SA. Thus, AA may be
regarded as a strong determinant of cadets’ SA.

However, it seems that other processes related to attention and executive functions,
ie., intentional search of material, sustained attention, sequential processing of information,
and self-monitoring, may also be important for high SA. The ability to deliberately and
actively select specific data from the environment in shooting comes down to focusing
attention only on selected important information (shooting actions, weather conditions,
target, weapon) while ignoring other distracting stimuli from the environment (e.g., other
shooters and sounds of shots, other external sounds, environment, time) [38].

Maintaining attention in shooting is mainly for focusing on the target for as long as
possible. It requires full commitment and concentration on the target. In practice, in case
of fatigue or reduced attention, a technique is used in which one stops aiming for a few
seconds, directing the gaze to an object of green color, and then returns to aiming with full
focus and concentration [39].

Sequential processing of information in shooting is based on the analysis of all the
elements in turn, capturing the interrelationships between them, ultimately combined as a
set of actions performed to make an accurate shot, e.g., combining the appropriate rhythm
of breathing with the simultaneous pulling of the trigger [40].

Monitoring one’s own shooting behavior is primarily about controlling emotions.
While shooting, one should remain fully focused and calm. Anxiety or stress translates
into increased heart rate, increased respiratory rhythm or even muscle tension, which
significantly hinders small motor control in shooting activities [41]. Among other things,
research confirms that mental fatigue can impair small motor control and affect how
shooters respond to targets [42] and the results they achieve [43]. Furthermore, other
studies have shown that subtle disruptions in the attention process can lead to dramatic
changes in performance [44,45].

Despite the lack of similar studies on the relationship between AA and level of CT,
mainly cadet SA, our results correspond with other studies in archery [46] and sport
shooting athletes [16]. The results of these studies provided preliminary evidence for the
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importance of interoceptive attention in shooting sports and archery [46], and significant
narrowing of attention and higher levels of alertness were observed in experienced pistol
shooters [16]. However, comparisons with self-reported studies should be made with
caution because there are important differences in shooting conditions. Both in archery and
in sport shooting there is a different type of weapon and, moreover, shooting is performed
in sporting attire, without additional loads such as vest, tactical equipment or helmet.

It seems that the results of our study add to the knowledge concerning the role of
attention and concentration in achieving high results in shooting. In fact, earlier studies
focused on a group of professional soldiers: marksmen [15] and expert and novice infantry
soldiers [41]. It turns out that regardless of the degree of shooting proficiency and the level
of CT, attention span and concentration are equally important in a group of cadets {own
research), preparing for professional service.

Taking into account the above literature reports, the conditions of the research, its
conclusions and the results of our own research it may be concluded that in static shooting
in standing and lying postures AA is of particular importance for SA. Therefore, it is
necessary to continue the research on the influence of attention-related processes on SA in
order to precisely determine which parts of attention have the most significant influence on
shooting results in different shooting stances and tasks.

6. Limitations, Strengths and Future Research

The study was conducted among a highly selected group of individuals in terms of PF
and academic achievement. Therefore, the results of the study should not be generalized to
all civilian and military students. It should also be noted that the measure of cadets” CT
in the present study was SA and academic achievement in specific PMS, and did not take
into account other components of this training such as medical training, communications,
leadership, experience, among others. It is also difficult to directly examine the level of
one component of attention because existing neuropsychological tests require the subject
to integrate cognitive functions with executive functions (switching, inhibition, working
memory) [47].

Since there is a lack of research in the literature on the relationship between AA and PF
and cadet CT, this opens up useful new areas of research, especially for researchers in the
military community. Other factors (e.g., soldiers’ level of motivation or physical activity)
potentially important to CT levels would be worth considering in future similar studies. In
addition, a lot of valuable information may be provided by the results of future studies on
the effectiveness of dynamic shooting under fatigue conditions, as they will more closely
match the conditions of combat operations.

7. Conclusions

The level of CT of the soldier (and especially the commander-leader) is of great
importance to the armed forces in national defense and should be a key aspiration of every
military unit. The readiness of each soldier for warfare is inextricably linked to the level of
physical and cognitive fitness. The results of conducted research suggest the necessity of
placing great emphasis on the physical preparation of modern soldier, especially focused on
the development of strength and endurance capabilities, which have the greatest impact on
the level of CT of the soldier. These abilities to the greatest extent reflect the requirements
of combat tasks on the battlefield.

Due to the role of effective shooting, the authors also indicate the relevance of intro-
ducing cognitive stimulation exercises such as active-response-inhibition training [48] or
mindfulness-based attention training [49] to shooting training. This knowledge should
be of interest to researchers in the uniformed services community and those professional
groups in which weapons are the primary tool of work.
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Abstract: Executive functions (EF) are crudal to a person’s unique abilities, enabling one to achieve
goals, adapt to new situations and manage social interactions. EF are also very important for the
effective performance of military tasks including the shooting performance (SP) of soldiers. The aim
of this study was to investigate the association of EF with SP and gender differences in the level of
these traits among cadets of the General Tadeusz Kosciuszko Military University of Land Forces
in Wroclaw i.e., 156 persons (19 females and 137 males). The level of EF and processes related to
attention was measured with usage of the Color Trails Test (CTT-1 and CTT-2). 5P was assessed on
the basis of scores from four different small arms and rifle shootings at a fixed target and at emerging
targets. The relations between explained and explanatory variables were assessed using Spearman
correlation. The variation in the mean values of CTT scores and 5P of men and women was compared
using the Mann-Whitmey U test for independent samples. The results of the present study did not
reveal any significant differences between women and men in the level of EF and SP. The key finding
of the present study is that the higher 5P of males in all shooting events of the study and of females
in pistol shooting were significantly correlated with higher executive functions.

Keywords: executive functions; shooting performance; gender differences; cadets

1. Introduction

Executive functions (EF) are processes that allow the control of complex, conscious as
well as intentional tasks. Thanks to them, humans are able to monitor and regulate their
behaviour and perform so-called intentional activities [1]. These activities are particularly
identified with the frontal lobe of the cortex and the cortical-subcortical neuronal network,
but other areas are also involved in their regulation, i.e., the dorsolateral prefrontal cortex,
anterior cingulate cortex or insula [2,3]. EF include cognitive abilities that enable a person
to store information in working memory, inhibit automatic responses to stimuli (inhibitory
control) and shift attention between related (attentional shift flexibility) but distinet aspects
of a task or problem. Executive abilities, or cognitive contrel abilities, allow individuals
to inhibit behaviors, focus attention and organize thoughts in the face of distraction, task
complexity and stress [4].

The level of EF is positively influenced by sports participation. Studies of athletes
brains show that enhanced neuronal networks and plastic changes are induced by the
acquisition and execution of complex motor skills during daily intensive physical training.
This training often requires rapid stimulus discrimination, specific attention and decision
making. It is likely that the mode of neural modulation varies depending on the sport
practised. Studies also confirm that open sports (e.g., basketball) can partially compensate
for impaired executive control in people with limb impairments by supporting stability of
motor responses and fostering flexibility of responses [5,6].

EF are also very important for the effective performance in military tasks performed
by soldiers, including shooting abilities [7]. Military personnel are often required to engage
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in complex higher order cognitive tasks (working memory, inhibitory control, cognitive
flexibility, planning, reasoning and problem solving) [8]. This occurs during physically
demanding and stressful military exercises and especially in combat tasks under time
pressure and threats to life and health. These tasks may include, but are not limited to,
complex topographical orientation, decision making, memorising operational layouts and
procedures or performing effective shooting tasks. The ability to maintain a high level of
EF is certainly an important element of success among soldiers [9,10].

However, it is still unclear how and whether there are gender differences in the level of
EF. Due to methodological variability and the involvement of multiple neuronal networks,
it is not possible to make a simple, clear statement regarding differences between men
and women in this area [11]. The literature provides divergent information regarding
gender differences in CTT performance. Results from a study using the above instrument
among 163 healthy participants aged 19-75 years showed a significant influence of age and
education level on time to complete both parts of the CTT (higher age and lower education
level contributed to slower time to complete both parts), while gender had no effect on
time to complete Part B [12]. Data obtained from a U.S. standardized sample (1528 subjects,
including 182 African-Americans and 292 Hispanics, ranging in age from 18 to 89 years)
also confirm that the influence of gender on CTT scores is not significant; however, increas-
ing age and lower education have been shown to adversely affect performance on this
neuropsychological test [13]. Statistically significant differences between men and women
were also not found by Konstantopoulos et al. and Hsieh and Tori [14,15]. Contrastingly,
in other studies normalizing the Brazilian population, the data on CTT-1 and CTT-2 per-
formance time by men and women were significantly different. Women presented higher
mean scores (completion time), which corresponded to poorer performance [16]. Overall,
gender does not seem to have a significant effect on CTT results,

Shooting efficiency, together with psychophysical efficiency, makes up the overall
combat training of soldiers [17]. It involves accurate, i.e., effective shooting from individ-
ual weapons, and is a highly important skill, necessary to be mastered by every soldier.
This activity, in connection with weapon handling, requires well-developed small motor
skills [18,19]. Shooting is also a closed motor skill [20,21], which requires from a shooter
highly developed anti-interference abilities, i.e., focus of attention and high mental inten-
sity. Correct shooting actions (mainly pulling down the trigger tongue and maintaining a
stable stance) are particularly associated with high demands on executive and inhibitory
functions. In addition, the shooter updates his current behaviour with previous experiences
in order to achieve a high score in the shooting task [22].

Often when shooting, shooters are exposed to stressful situations, e.g., during com-
petitions, military exercises, difficult weather conditions or, finally, in warfare. In such
situations, executive processes must occur at the highest level; this is necessary for the
effective performance of the task [7,23,24]. During the firing of a shot it is also important to
focus on the target, with simultaneous control of the body posture and such a positioning
of the fingers to keep control over the trigger of the pistol. For this reason, both cognitive
abilities and vigilance as well as appropriate motor skills are necessary to make an accurate
shot [25]. For this to happen, alternating attention, which is one of the components of
attention as a cognitive function, is also of considerable importance. Thanks to it, the
shooter can control and coordinate all the activities mentioned above [26].

Various determinants of SP are sought in research; one of them is gender. Reports from
the literature on gender differences in SP are divergent on this issue [27,28). In a study by
Kemnitz et al., female and male soldiers did not differ in their SP, although the men in the
study sample had significantly less body fat, slimmer arms and were generally physically
stronger than the female participants [29]. In the authors” subsequent study, no significant
differences were again found between male and female soldiers in aceuracy or shooting
precision, although it was initially suspected that this difference might be due to the size of
the weapon (carbine weight and barrel length), which might be worse for women with less
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arm strength. As it has been proved, the above parameters proved to be sighificant for SF,
however, irrespective of the gender [27].

Research on gender differences in SP has also been conducted in groups of athletes,
where a good opportunity is a championship competition such as the European Champi-
onships. Mon-Lépez et al. similarly showed no significant differences in SP in both rifles
and air pistols. The lack of significant differences, according to the researchers, confirms
that physical strength is an insignificant factor influencing performance in sport shooting,
so the determinants of SP should be sought in other factors, perhaps in the shooter’s
cognitive performance zone [30]. SP" was also analysed after intensive exercise and caffeine
consumption among reservists, where again no gender differences were found [31].

Gender differences in SP are extremely important in the police community where
effective skill in the use of a personal weapon can often be decisive for one’s own and
others’ safety. In fact, police officers may find themselves in a situation of direct danger
on any duty day. Contrasting with the above literature reports, the results of studies in
these populations indicate that male police officers shoot more effectively with handguns
compared to females. The main factor attributed to the above differences is grip strength,
which is potentially important to pistol shooting accuracy [28,32].

In another study, Johnson and Merullo showed that while men maintained the same
accuracy during 3-h sentry sessions, accuracy in women deteriorated after 1.5 h. The shoot-
ing sessions consisted of detecting and shooting at targets that appeared infrequently [33].
In a recent study by Mon-Ldpez et al. comparing the performance of 704 shooters who
participated in the recent World Shooting Championships, it was shown that men’s per-
formance in pistol shooting was better than the performance of women. However, men
and women performed the same in the overall analysis, while their performance differed
by category and competition [34]. Researchers have also mainly focused their attention on
rather obvious differences in physical factors such as upper body strength, grip strength,
balance and coordination, important for high ST, neglecting the shooter’s cognitive abilities,
which are potentially important [32].

To our current knowledge, the available literature does not provide sufficient infor-
mation on the link between EF and SP. The issue of gender differences in the level of
EF as well as differences in soldiers’ SP also requires supplementation and continuous
analysis. The present study may therefore complement the literature with research in
military populations. At the same time, the importance of conducting scientific research
in the group of soldiers is emphasized, as the results may be particularly important from
the point of view of benefits for national defence. The aim of this study was to investigate
the association of EF with SP and gender differences in the level of these traits among
cadets of the General Tadeusz Kosciuszko Military University of Land Forces in Wroclaw
(MULF). We hypothesized that regardless of gender, cadets’ SP level would be related to
their EF level.

2. Materials and Methods

The study group consisted of cadets—first-year students of the MULF. Cadets were in
the course of their candidate military service and after 5 years of training they will start
their professional military service. The main effect of education at MULF is the possession
of appropriate knowledge and competences by graduates required to take up their first
command positions in the officer corps.

The criterium for inclusion in the study was obtaining promotion to the third semester
of study. The respondents gave written, informed consent to participate in the study
and were fully informed about the purpose of the study. Initially, 172 cadets fulfilling
the study inclusion criteria were enrolled in the study. During the course of the study,
16 cadets dropped out of the study as they opted out of further military service. Ultimately,
156 individuals (19 females and 137 males), i.e., all cadets meeting the inclusion criteria,
were included in the study. The study was conducted at the MULF in the period May—July
2021 (Figure 1).
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» — 16 resigned from studying

N =156
Participated in the study

Figure 1. Flowchart of participant enrolment.

3. Executive Functions

Measures of the level of EF and attention-related processes were the results of the
Color Trails Test (CTT-1 and CTT-2). The Color Trails Test contains numbered coloured
circles and language symbols with wide cross-cultural applicability (no language influence).
The colours used in the CTT are universal. The visual stimuli in the CTT are circles with the
numbers 1 to 25 written in the middle. Each circle is coloured yellow or pink. These colours
are also seen by people with colour blindness. In the first part of the test (CTT-1), all odd
numbers are in the pink circles and all even numbers are in the yellow circles. In the second
part of the test (CTT-2), each number is printed twice, once in a yellow circle and once
in a pink circle. The CTT sheets are printed on white paper measuring 21.59 x 27.94 cm.
The universality of the CTT is due to the use of numbers and colours as symbols, with
little involvement of speech and knowledge. The CTT is intended for adults (18+) and
is designed to avoid making correct performance dependent on the knowledge of any
alphabet and, to the greatest extent possible, on the influence of language [13,35].

The CTT-1 asks the participant to connect the circles in order from 1 to 25 with a rope
as quickly as possible without taking the pencil off the paper. Before proceeding to the
main task, the subject performs a trial task as fast as they can. The measure of the CTT
performance is the time (in seconds) to correctly complete the task of connecting all circles
from 1 to 25. The time is measured from the moment the test subject brings the pencil close
to the first circle (starts the test). The stopwatch switches off as soon as the test subject
touches the outer edge of the last circle with the pencil. In CTT-2, the tested person is asked
to line up the numbered circles as fast as possible, taking into account the condition of
colour alternation (pink circle 1, yellow circle 2, pink circle 3, etc.). As in CTT-1, a test task
is performed before the main task.

The study was carried out among healthy individuals with no diagnosed clinical
problems. Temporal indices of CTT performance are used to measure functions related to
frontal lobe brain function. In interpreting the CTT results, a variety of processes related
to attention and EF were examined, and, in particular, intentional search for material,

58



Int, |. Enwiron, Res. Public Health 2022, 19, 6007 Sof13

sustained and metastable attention, sequential processing of information and monitoring
of own behaviour were assessed [26].

The CTT was performed by a psychologist, took place in a lecture room, always under
the same conditions (psychologist-subject) and at the same time of day. The time of task
performance was measured with an accuracy of 1 s. The correctness and evaluation of the
CTT performance was checked twice.

4. Shooting Performance

SP was assessed on the basis of the results of four different small arms and rifle
shootings at fixed and emerging targets:

1. Rifle Shooting (RS}—consisted of shooting from a rifle in a lying position with the use
of a stand on a stationary target 100 m away. The shooter had 5 cartridges and his
task was to shoot with single fire. Accuracy and focus were important in this test. The
score was determined by a number of points ranging from 0 to 50.

2. Shooting with a military pistol (PS}—this consisted of shooting from a military pistol
in a standing stance at a stationary target 15 m away. The shooter had 5 cartridges;
his/her task was to shoot with single fire; the shooting was performed with accuracy
and focus. The score was determined by a number of points from 0 to 50.

3. Machine Pistol Shooting (MPS}—on the command “forward” the shooter marched or
ran 10 m from the starting line to the firing line, assumed a shooting stance, prepared
to fire and then began shooting. The first target was sighted 30 s after the command
“forward” was given. The target appeared 5 times at a distance of 75 m. The time
for each target to appear was 30 s. The interval between target appearances was
10 5. The score was determined by the number of hits on the target (score 5—4 hits,
score 4—3 hits, score 3—2 hits).

4. Shooting from a rifle in a gas mask (RSG-M)}—on the command “forward” the shooter
marched or ran 10 m from the starting line to the firing line, assumed a shooting
stance, prepared for shooting and then, after the first target appeared, started shooting.
The first target appeared 30 s after the command “forward” and shooting was in short
bursts while lying down with support. The target appeared 5 times at a distance of
100 m. The time taken for each target to appear was 30 s. Intervals between target
appearances lasted 10 s. The shooter performed all actions in a gas mask. The score
was determined by the number of hits on the target (score 5—4 hits, score 4—3 hits,
score 3—2 hits).

All subjects had the same shooting experience resulting from the same military uniform
training program. Every effort was made to ensure that shooting always took place in
similar weather conditions and at the same time of day. The basis for conducting the tests
was the consent of the Rector—Commandant of the university (No. 271 of 18 January 2021)
and the consent of the Senate Committee on Research Ethics of the University of Health
and Sport Sciences in Wroclaw (No. 2/2021 of 12 February 2021). All procedures performed
in this study involving human participants were in accordance with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards. Written informed
consent was obtained from all participants included.

5. Statistical Analysis

The collected results were subjected to statistical analysis. The normality of the
distribution of individual variables was assessed using the Kolmogorov—Smirnov test. Of
the variables analysed, the normal distribution was held by the shooting scores from all the
shootings from the study in the women’s group and the scores from all the shootings and
the time achieved in the CTT-1 in the men’s group. Non-normal distribution had CTT-1
and CTT-2 test scores in the female group and CTT-2 test scores in the male group.

The relationships between the explained and explanatory variables were evaluated
using the Spearman correlation because not all variables analysed in the study had normal
distributions. The correlation of each individual shooting score with CTT test scores was
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evaluated separately due to the different shooting conditions of the individual shooters and
the different types of weapons. Different battlefield situations force a soldier to perform
different shooting tasks, from shooting on full rest without additional stressors to shooting
under conditions of very high physical effort, limited visibility or under time and danger
regime. The different results of the correlation analysis are, in a way, a confirmation of the
validity of this choice. This is because the authors wanted not only to see if there were
relationships between EF and SP, but also to try to determine precisely whether, if such
relationships existed, EF equally affected each shooting modality of the different weapons.
The variation in mean values of CTT scores and SP of men and women was compared
using the Mann-Whitney U test for independent samples.

Statistical significance was assumed at the level of p < 0.05 for all the applied tests. Cal-
culations were performed using Statistica v. 13.1 software by StatSoft (Wroclaw, Poland)in
the Biostructure Research Laboratory of the University of Health and Sport Sciences in
Wroclaw, certified according to ISO 9001.

6. Results

The variation in the mean values of the tested variables by Mann-Whitney U test is
presented in Table 1. As a result of the analysis, no significant differences in the mean CTT
scores as well as in the SP of individual shooters were found between men and women.
However, when comparing the mean scores of males and females, a lower arithmetic mean
of the times achieved in CTT-1 and CTT-2 as well as higher 5P in three out of four shooting
events among females was observed. However, as mentioned above, these differences were
statistically insignificant, so they can only be treated as a trend requiring possible further
confirmation in subsequent studies.

Table 1. Variation in mean CTT scores and shooting performance by Mann-Whitney U test for
independent samples between men and women. Variation coefficients in bold are significant with
p < 0.05.

Men Women U Mann-Whitney
Variable (N =137) (N=19) Test
x sd v x sd v P

Age (years) 21.03 131 6.22 21.15 1.08 511 0.3683
Body height (cm) 179.17 5.58 il 167.27 440 263 0.0000
Body mass (kg) 76.82 7.69 10.01 61.83 341 5.52 0.0000
CTT- (s) 3112 799 25.66 2858 10.68 3737 0.2105
CTT-2 (s) 59.84 12.54 20.95 58.74 1111 1892 0.8550
RS (score) 36.64 5.90 16.10 3616 5.74 3737 0.4255
P5 (score) 34.53 8.63 24.99 35.53 9.32 1892 0.5576
MFS (grade) 446 0.84 18.84 4.89 113 1587 0.0651
R5G-M (grade) 4.39 093 21.08 4.79 0.32 2624 0.0745

RS—rifle shooting, P5—pistol shooting, MPS—machine pistol shooting, RSG-M—shooting from a riflein a gas mask.

The analysis of simple correlations between the level of EF and attention-related
processes and the SP of male and female cadets is presented in Table 2. Of the four shooting
events, only military PS was found to be statistically significantly negatively correlated with
CTT-2 scores. Higher military PS scores were significantly associated with shorter CTT-2
performance in the female group. Such a high correlation coefficient (r = —0.76), indicates a
very strong interdependence of the studied variables. The remaining correlations in the
female group were statistically insignificant.
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Table 2. Spearman correlation results between the study variables. Correlation coefficients in bold
are significant with p < 0.05.

Variable Men Women
CTT-1 CTT-2 CTT1 CTT-2
RS —0.23 —047 —0.20 —0.35
Ps -0.10 —0.51 -021 —0.76
MFPS -0.13 —0.39 —0.16 0.28
RS5G-M -0.03 —0.18 -0.11 —0.28

RS—rifle shooting, PS—pistol shooting, MPS—machine pistol shooting, RSG-M—shooting from a rifle in a gas mask.

In the men's group, higher SP in RS was significantly correlated with shorter CTT-1
time. This is evidenced by the negative correlation coefficient, but the strength of these
correlations was weak (r = —0.23). The results from the other shootings in the male group
were not significantly correlated with the time achieved in the CTT-1 attention test. The
correlation results, however, revealed mutual correlations between all the shooting results
from our study and the time achieved in CTT-2. 5P appeared to be significantly negatively
correlated with CTT-2 performance, so in the male group, higher SP was significantly
correlated with shorter CTT-2 performance time. Strong correlations occurred between
RS (r = —0.47) and PS (r = —0.51) and CTT-2 performance. The correlation between
MPS performance and CTT-2 time was at the average level (r = —0.39). A weak but also
significant correlation occurred between RSG-M scores and time in the CTT-2 (r = —0.18).

7. Discussion

EF help to resist strong internal tendencies and external stimuli, including controlling
attention, behaviour, emotions and thinking, and focusing on ongoing action to make
appropriate behavioural decisions [36]. The results of our study did not reveal significant
differences between women and men in the level of EF. The literature provides divergent
information regarding gender differences in CTT performance. Statistically significant
differences were not found by Konstantopoulos et al. or Hsieh and Tori [14,15]. Different
data were presented by Rabelo et al., who obtained a statistically significant difference in
favour of men [16]. In another study, Gaillard et al. conducted a systematic review of the
literature aimed at summarising the current evidence on sex differences in three domains of
EF: performance monitoring, response inhibition and cognitive set-shifting using functional
neuroimaging tools (fMRI, PET, EEG and NIRS). A meta-analysis of 21 studies, involving
a total of 677 women and 686 men, indicated that due to methodological variability and
the involvement of multiple neuronal networks, it was not possible to provide a simple,
binding statement on the differences between men and women in levels of EE. However,
there is now evidence of sex differences in the neural networks underlying all EF considered
in this review, suggesting that men and women use different strategies depending on the
demands of the task. However, functional neuroimaging, although a highly detailed and
valuable study, may not be sufficient to identify sex differences in the level of EF, so work
using neuropsychological tests such as the CTT may complement the above studies [11].

Comparative value with the results of our own research in the context of gender
differences in the level of EF is provided particularly by data from standardisation trials
for the CTT. The results of the American standardisation trial among 1531 individuals
(male = 1345, female = 183) confirmed that, regardless of age group, no gender factor influ-
ence on CTT scores was found. It should be noted that women in this sample constituted
12% of the total study population, as in our study [13].

On the other hand, in other studies normalizing the Brazilian population, the data
on CTT-1 and CTT-2 performance time by men and women were significantly different.
Women presented higher mean scores (completion time), which corresponded to poorer
performance [16]. A subsequent study among a Greek population of healthy subjects
(men =79, women = 84) showed little effect of gender on CTT-1 performance time (women
performed relatively worse compared to men). This contradictory finding compared to the
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results of our own study may be attributed to the fact that women in the above studies had
lower levels of education compared to men [14]. The literature confirms that education
has a significant effect on the level of EF tested by the CTT test [16,37]. In our study, men
and women represented the same level of education resulting from the same educational
program. It should additionally be noted, as is usually the case with normative research in
studies, the participants were from a wide age range, while in our study the study group
was a first-year military community in the age range (20-26 years).

Studies in military settings confirm that men perform better in military tasks, especially
those requiring prolonged use of strength and endurance [38,39]. However, it is still not
entirely clear whether gender differences are equally obvious in such specific tasks as
shooting. Shooting is one of the most important skills indicative of a soldier’s preparedness,
which translates into the combat capabilities of a military unit. Since women began to
join the ranks of armies in various countries, a discussion has begun about their role in
combat operations. Researchers began to focus their attention mainly on rather obvious
physiological differences, neglecting cognitive abilities and various elements of combat
training including shooting efficiency. According to our current knowledge, the literature
on the subject is quite poor in cross-gender comparative analysis of soldiers in terms of
SP. In our study, no significant differences in shooting efficiency were observed between
men and women. Despite the fact that in three out of four shootings women achieved
slightly better results, these results were not statistically significant. Similar results were
observed in their study by Kemnitz et al., who evaluated the effect of gender on shooting
accuracy in a group of 15 male and 13 female soldiers. The Noptel simulator was used
to assess accuracy (distance of shots from the centre of the target) and precision (distance
of shots from each other regardless of distance from the centre of the target). As in our
own study, no significant differences were found in any of the measures of SP according
to gender. Although the above results confirm the reports from our own study, it should
be noted that it was conducted under different shooting conditions. The main difference
consisted in shooting from a simulator, whereas the shooting in our study took place on an
open range; additionally, different weapons were used and different targets were shot at
different distances. However, it can be concluded that women and men doe not differ in SP
regardless of the different shooting conditions [27].

In another study involving 292 shooters who competed in the 2016 and 2018 European
Championships, men and women shot equally well with rifles, and although men's average
pistol scores were higher than women’s, the difference was not statistically significant. It
was concluded that in sports where physical strength is a less important factor, as in the
case of sport shooting, the rules should be revised for greater gender equality [30]. The
above results are consistent with those of our own study, but the fundamentally different
shooting conditions and the different type of weapons should be noted. In the study cited
above, participants dressed in a special shooting suit shot with an air rifle, whereas in our
study soldiers shot with firearms in tactical gear. In contrast, a study by Goldschmied
et al. found no differences in the performance of men and women in shooting either an
Olympic air rifle or a 22 caliber rifle in shooting competitions. The authors justify this on
the grounds that “in shooting, the physical demands on athletes are relatively low”. The
study by Goldschmied et al. corresponds with the results of our own study confirming the
lack of significant differences in SP among both shooters with low shooting experience and
at the highest competitive level [40].

Interesting results were presented by VuZkovié et al,, who, in a group of male and
female police officers, determined the effectiveness of a basic training program in the use
of small arms. During the three stages of the study, i.e., at the beginning, in the middle and
at the end of the shooting training, significant differences in SP between men and women
emerged only at the beginning of the training. Moreover, the same shooting training
program increased the final SP by 136.43% among women, while the increase was 45.69%
among men. Thus, the above results confirm that women do not differ from men in SP in
both long and short arms [41].

62



Int. J. Environ. Res. Public Health 2022, 19, 6007 Gof13

However, some studies report gender differences in small arms SP. Anderson et al.
found that male police officers performed better with pistols than female police officers [32].
Similar results were obtained by Copay et al., who observed that males performed better
than females in shooting 9 mm, 0.40 inch (.40 Smith & Wesson) and 0.45 inch (.45 Automatic
Colt Pistol) pistols [28]. The different shooting effects are attributed to the difference in grip
strength, although its effect on SP was small. The results of our own study also do not agree
with other studies that found that men performed better than women in shooting with
22 caliber rifles at a distance of 50 metres [42] and in military conditions with rifles [33]. The
military study, unlike our own work, was conducted on a Weaponer simulator. The results
of this study showed that during the first 1.5 h of guard duty, women shot as accurately
as men. It was only after 1.5 h that their rifle shooting accuracy deteriorated and they did
less well with accurate shots on target, with no deterioration in reaction time in the form of
detecting the target and firing the shot. According to the authors, this difference may be due
to gender differences in hand stability or to possible weaker upper body strength (causing
greater fatigue after a longer duration of the combat task). However, both hypotheses are
speculative and require further research.

It seems crucial to note in our study that the higher shooting scores achieved by
males in all shooting tasks of the study and by females in PS were strongly significantly
associated with higher EF. The strongest significant correlations occurred in carbine and
pistol shooting in the male group, which was probably caused by the shooting conditions
consisting in firing at a fixed target with accuracy and focus without a time regime and on
full rest. A weaker correlation occurred in the machine pistol shooting, in which there was
another stress factor of moving quickly to the shooting position and the target appearing
in a limited time, which was undoubtedly a big limiting factor for the shooter [7]. These
factors revealed that in more dynamic shooting, further variables related to 5P, such as
physical fitness, are likely to emerge alongside EF.

The weakest significant correlations occurred in shooting after rapid movement to the
shooting position, in shooting under the regime of target appearance time and probably
due to the gas mask worn during all activities. The gas mask makes it very difficult to fire
effectively; it sometimes fogs up during physical exertion and shooting, which impedes
the visibility of the target and aiming devices, has a limited field of vision and significanlly
impedes the acquisition of a comfortable and appropriate shooting stance (head position in
relation to the weapon) [43].

The strongest significant effect of EF on SP was revealed in military pistol shooting
in both the male and female groups. This shooting was performed on accuracy and focus
in a standing stance. It was by far the easiest or one of the easiest shootings of the test, as
the distance to the target was only 15 m and the target at which the fire was conducted
was the same as in the carbine shooting at a distance of 100 m. Of course, small arms were
fired, but the very short distance to the target made it more “forgiving” of possible shooter
errors [30]. The lack of significant correlation between CTT-1 performance time and 5P,
except for carbine shooting in the group of males where the strength of correlation was
weak anyway (r = —0.23), clearly indicates that the second part of CTT, i.e., CTT-2, should
be used to study complex performance functions with a potential relationship to the SP of
soldiers [13].

Since males and females did not differ in their level of SP, and among males all
shootings were positively associated with shorter CTT-2 performance, the lack of significant
correlations in three out of four shootings with CTT-2 performance time in the female group
can be explained by their small numbers. It can also be assumed that the remaining
correlations would probably have been revealed if the number of women had been similar
to the number of men. However, the study included all women who studied at MULE

The literature recognizes that military performance depends on high levels of cogni-
tive, EF, especially during heavy physical exercise |7]. Associations of some EF with SP
among soldiers were found, among others, by Hillman et al. They examined EEG activity
during the preparation period between executed and rejected shots to better understand
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the attentional processes associated with the pre-shooting state. As in our study, they
recognised the large role of attention in the complex process of firing a shot. Additionally,
it was found that the decision to reject a shot appears to be characterised by a misallocation
of neural resources associated with task performance. The study, unlike our own research,
was conducted on a group of skilled sharpshooters who performed shooting at much
greater distances than cadets, so comparisons should be made with caution [25].

Additionally, the results of our own research confirm the recent study by Shao et al. in
which it was reported that self-control (as one of the elements of EF) during the performance
of closed motor tasks in the environment determines that shooters have a higher anti-
interference ability. This ability, in turn, boils down to the deliberate and active selection
of specific data from the environment in shooting, i.e., focusing attention only on selected
important information while ignoring other distracting stimuli from the environment [22].
Furthermore, the work of Sattlecker et al. focused on athletes at World and European Cup
level in biathlon showed that postural balance and rifle stability play a key role in this
sport [44]. Studies on such a skilled shooting group prove that shooters must be strongly
engaged with the target while aiming and working on the weapon (attentional control)
and constantly monitoring their behaviour and controlling their emotions to minimise the
risk of making a mistake. On the other hand, when a mistake is made, they should make
sure it has as little impact on the result as possible. For example, if a mistake occurs in the
form of a “missed shot”, i.e,, a trigger pull that is too fast, the shooter should quickly and
accurately identify the problem, which is related to the control of emotions, and then make
the appropriate correction and prevent a similar mistake from being repeated in the future
(behavioural control). Comparing the above study with the results of our own research,
it should be noted that the shooting was performed indoors at a distance of 50 m with
a specialised air rifle fitted individually to each athlete without any additional physical
load. Military shooting, on the other hand, usually involves an additional mental and
physical load, so the greater use of EF in the form of behavioural control, emotions, focus
of attention and the ability to eliminate external stimuli may be key determinants in SP.

Our results also show that the strength of the correlation between SP and the level
of EF decreased with the more difficult level of shooting (shooting after a run-in and in a
gas mask). This was probably related to a decrease in the level of EF under the influence
of a greater external stressor such as a short and quick change in shooting stance, a gas
mask and targets appearing in a limited time. The above results correspond with those of
previous studies on EF at specific exercise intensities. Labelle et al. observed a significant
decrease in EF at both 60% and 80% of peak power output [45]. Furthermore, Lo Bue-Estesa
et al. confirmed that EF decreased during post-exercise assessment [43]. Additionally,
the results of our own study are consistent with the results of a study among Reserved
Officer Training Corps (ROTC) cadets, in which it was proven that high-intensity exercise
decreases EF [7].

The results of our study confirm the hypothesis that gender is not a significant factor
that affects the level of EF and the SP of soldiers. A higher level of EF has a significant
effect on higher SP of male soldiers in all types of shooting from the present study with
both carbines and pistols. However, among females, higher EF has a significant effect on
higher pistol SP.

Summarizing the results of our own research and from the literature reports on gender
differences in SP, it can be noted that there are still many unexplained issues. Noticeable
discrepancies may be a result of differences in the way SP is measured in individual studies,
the degree of shooting difficulty and natural somatic and motor differences. Therefore, it
seems reasonable to systematically examine the SP of soldiers in a way that most accurately
reflects the requirements of the population of interest, in particular, the study of soldiers’
actions in real combat and training ground conditions. The level of shooting training of
an individual soldier and his cognitive efficiency (especially of a commander-leader) is
of great importance for the combat potential of the armed forces and should be a key
aspiration of each military unit. The results of the conducted research as well as many other
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works confirm the necessity of placing great emphasis on the cognitive preparation of a
modern soldier, in particular aimed at the development of EF skills. They have a significant
impact on the level of a soldier’s shooting efficiency.

8. Limitations, Strengths and Future Research

The upper or lower values for some variables are due to hazard. This is the meaning of
statistics when p < 0.05. Significant relationships and differences were shown on a sample
with small numbers of women relative to men. We saw significant relationships between
the variables studied, or lack thereof, but our evidence is weak because we showed them
on a small number of subjects relative to men. Thus, we are not entirely sure that what we
see is not a coincidence (which is always easier the smaller the sample), and that we will
see a strong relationship again when we repeat this experiment; so more research is needed.
In contrast, we saw strong evidence in statistically significant correlations in a large group
of men.

Due to the simplicity of application in a military setting, the level of EF and processes
related to attention were assessed using the Color Trails Test (CTT-1 and CTT-2). Despite
the great popularity of neuropsychological tests for the assessment of EF in research
(CTT, Wisconsin Card Sorting Test, Stroop Test) [46,47], it is now also possible to assess
EF using neurophysiological methods such as visual or auditory evoked potentials and
gamma oscillation. Increasingly, high-tech neuroimaging methods are also being used for
neurocognitive measurements.

There is a lack of research in the literature on the relationship between EF and cadet 5P,
s0 this opens up useful new areas of research, particularly for researchers from the military
community. Further research would be worthwhile to consider other factors influencing 5P
(e.g., type of shooting training, kinematic analysis of shooting stance and weapon stability,
physical fitness) potentially important for the level of shooting training. Moreover, a lot
of valuable information may be provided by the results of future research on dynamic SP
under conditions of higher physical and mental fatigue in both male and female groups, as
they will be more relevant to the realities of combat operations.

9. Conclusions

EF are crucial to unique human abilities including, as it turns out, soldiers” SP. A more
thorough analysis of the components of EF may help to develop targeted interventions
to improve them. This knowledge should be of particular interest to researchers in the
uniformed services community and those professional groups where weapons are the
primary tool.

The results of our own research indicate that female cadets represent a similar level
of EF as well as SP; therefore, the load and evaluation methods in training should not be
differentiated by gender. However, the problem of gender differences in specific professions
such as uniformed services remains open and requires further detailed analysis.
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10. Zalaczniki

10.1.Zgoda Senackiej Komisji ds. Etyki Badan Naukowych

2/2021
Senacka Komisja ds. Etyki Badan
Naukowych przy Akademii Wychowania
Fizycznego we Wroclawiu

Uchwala
w sprawie opinii o projekcie eksperymentu poznawczego

Na podstawie uchwaly Senatu Akademii Wychowania Fizycznego we Wroclawiu z dnia
20.12.2002 r. w sprawie powolania Senackiej Komisji ds. Etyki Badan Naukowych i uchwaly
z dnia 4.11.2003 r. — regulamin dzialan oraz w oparciu o art.27 ustawy z dnia 6.06.1997 r.
kodeks karny (Dz.U. z 1997 r, poz.553 z pbZniejszymi zmianami) 1 zasady zawarte
w ,,Dobrych obyczajach w nauce. Zbior zasad i wytycznych” Komitetu Etyki w Nauce PAN
z2001r,

Przewodniczacy Senackiej Komisji ds. Etyki Badah Naukowych przy
Akademii Wychowania Fizycznego we Wroclawiu
po zapoznaniu si¢ z opinig Czlonkéw Komisji Etyki wniosku ztozonego przez Pana:

mgra Dariusza Jamro

pt. ,Poziom sprawnosci fizycznej a sprawnosé uczenia sie
oraz opanowania umiejetnosci wojskowych kandydatéw
na zotnierzy zawodowych, studentéw Akademii Wojsk Lgdowych
imienia generata Tadeusza Ko$ciuszki we Wroctawiu”

podjal decyzje o pozytywnym zaopiniowaniu tego wniosku, nie wnoszgc zadnych zastrzezen.

Wydana opinia dotyczy tylko rozpatrywanego wniosku z uwzglednieniem przedstawionego
projektu. Kazda zmiana i modyfikacja wymaga uzyskania odrebnej opinii. Wnioskodawca
obowigzany jest do informowania o cigzkich lub niespodziewanych zdarzeniach,
niepozadanych i meprzewidzianych okolicznosciach, o zakonczeniu badania, o jego wynikach
i innych istotnych decyzjach ewentualnych innych komisji etycznych (bioetycznych).

Od powyzszej uchwaly podmiot zamierzajacy przeprowadzié¢ eksperyment, kierownik
jednostki organizacyjnej, w ktorym eksperyment poznawczy ma byé przeprowadzony oraz
komisja etyczna (bioetyczna) wlasciwa dla osrodka, ktéry ma ewentualnie uczestniczy¢
w wieloodrodkowym eksperymencie, moga wnies¢ odwolanie do Zespolu Opiniodawczo-
Doradczego do Spraw Etyki w Nauce Ministerstwa Nauki i Informatyzacji, za posrednictwem
Senackiej Komisji ds. Etyki Badan Naukowych przy Akademii Wychowania Fizycznego we
Wroclawiu w terminie 14 dni od daty otrzymania ninicjszej uchwaly.

Przewodniczgey Senackiej Komisji
ds. Etyki Badan Naukowych

Wroctaw, dnia AL.D2 7 Prof. dr hab. Mufgwarek Medraé

......................... C@’
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10.2.08wiadczenia o wspolautorstwie

Oswiadczenie o wspélautorstwie

dr hab. Grzegorz Zurek, Prof. AWF Wroclaw, 09.01.2023 r.
Zaklad Biostruktury
Akademii Wychowania Fizycznego i Sportu we Wroclawiu

Oséwiadczenie o wsp6lautorstwie publikacji

Nini¢jszym oswiadczam, ze w pracy (Jamro, D.; Zurek, G.; Lachowicz, M.; Lenart, D.
Influence of Physical Fitness and Attention Level on Academic Achievements of Female and Male
Military Academy Cadets in Poland. Healthcare (Basel) 2021, 9 (10), 1261) maj udzial polegal na;

E koncepeja pracy redagowanie publikacii

[Cx ] aplanowanie badas wybée metodyki X ] ieranic danych

D prowadzenie badan D graficzne przedstawienie wynikow
D analiza statystyczna D zbicranie pidmiennictwa

E interpretacja wynikow i opracowanie wnioskow E korekta pracy przed ztozeniem do druku
konsultacja E inne; walidacja

Przyjmuj¢ do wiadomosci, Ze powyZsza praca jako czg$é rozprawy doktorskiej bedzie
podstawg do ubiegania si¢ o nadanie stopnia doktora przez mgr. Dariusza Jamro.

Podpis wspolautora
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O$wiadczenie o wspolautorstwie

dr hab. Grzegor= Zurek, Prof. AWF Wroctaw, 09.01.2023 r.

Zaklad Biostruktury
Akademii Wychowania Fizycznego i Sportu we Wroclawiu

Oswiadcezenie o wspélautorstwie publikacji

Niniejszym oswiadczam, Ze w pracy (Jamro, D.; Zurek, G.; Lachowicz, M.; Lenart, D.;
Duinik, M. Alternating Attention and Physical Fitness in Relation to the Level of Combat Training.
Healtheare (Basel) 2022, 10 (2), 241) méj udziat polegat na:

[x_Jkoncepcja pracy [x J redagowanie publikacii

[CX Jzaplanowanie badas wybér metodyki X ] abiormic eyt

[X_] prowadzenie badas [ eraficzne pracdstawicnie wynikiw
[X_Jinterpretacia wynikow i opracowanie wnioskéw | X_] korekta pracy przed zlozeniem do druku
(3 Jxonsuitasia [ Jinne: watidacia, nadzér,

Przyjmuj¢ do wiadomosci, ze powyzsza praca jako czg$é rozprawy doktorskiej bedzie
podstawa do ubiegania si¢ o nadanie stopnia doktora przez mgr. Dariusza Jamro,

P wspolautora
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Odwiadczenie o wspélautorstwie

dr hab. Grzegorz Zurek, Prof. AWF Wroclaw, 09.01,2023 r.
Zaktad Biostruktury
Akademii Wychowania Fizyeznego i Sportu we Wroclawiu

Oswiadczenie o wspélautorstwie publikacji

Niniejszym o$wiadczam, ze w pracy (Jamro, D.; Zurek, G.; Dulnik, M.; Lachowicz, M.;
Lenart, D. Executive Function Level in Cadets' Shooting Performance. International Journal of
Environmental Research and Public Health 2022, 19 (10), 6007) m6) udziat polegat na:

[ J koncepeia pracy [ J redagowanie pubikacii

[[x ] zaplanowanie badaii wybér metodyki [Cx ] swieranic danyeh

[x ] prowadzenie badas [ sraficane pesedstawienie wynikow

[ Junatiza statystyczna [ ] svicranie pismicnnictwa

[ Jinterpretacia wynikéw i opracowanie whioskw  |_X_] korekta pracy przed zlozeniem do druku
(X Jxonsultacia [X Jinne: watidacis; nadzs.

Przyjmuje do wiadomosci, Ze powyzsza praca jako czg$é rozprawy doktorskiej bedzie
podstawg do ubiegania si¢ o nadanie stopnia doktora przez mgr. Dariusza Jamro,

pafldn . D
Patgaismpdlaulom
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Ofwiadczenie o wspélautorstwie

pplk dr Dariusz Lenart
Kierownik Zakladu Wychowania Fizycznego i Sportu
Akademia Wojsk Lgdowych im. generala Tadeusza KoSciuszki we Wroctawiu

Wroclaw, 09.01.2023 r.

Oswiadcezenic o wspélautorstwie publikacji

Ninicjszym o$wiadczam, ze w pracy (Jamro, D.; Zurek, G.; Dulnik, M. Lachowicz, M.;
Lenart, D. Executive Function Level in Cadets’ Shooting Performance. International Journal of
Environmental Research and Public Health 2022, 19 (10), 6007) méj udzial polegat na:

] koncepcia pracy [ ] redagowanie publikacji

[ Jzaplanowanie badai wybér metodyki [ X_] zbicranie danych

prowadzenie badas [ ] raficzme praedstawienie wynikow
[x_] anatiza statystyczna [ x ] ieranie pismiennictwa

[ interpretacia wynikéw i opracowanie wrioskéw || korekta pracy przed zloseniem do druku

E konsultacja E inne: walidacja, pozyskaniu funduszy

Przyjmuj¢ do wiadomodci, 2e powyzsza praca jako czgs¢ rozprawy doktorskiej bedzie
podstawa do ubiegania si¢ o nadanic stopnia doktora przez mgr. Dariusza Jamro.
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Odwiadczenie o wspolautorstwie

pplk dr Dariusz Lenart Wroctaw, 09.01.2023 r.
Kierownik Zakiadu Wychowania Fizycznego { Sportu
Akademia Wojsk Lgdowych im. generala Tadeusza KoSciuszki we Wroclawiu

Oéwiadczenie o wspolautorstwie publikacji

Niniejszym oéwiadczam, ze w pracy (Jamro, D.; Zurek, G.; Lachowicz, M.; Lenart, D.;
Dulnik, M. Alternating Attention and Physical Fitness in Relation to the Level of Combat Training.
Healthcare (Basel) 2022, 10 (2), 241) mdj udzial polegat na:

D koncepcja pracy D redagowanie publikacji

D zaplanowanie badan wybor metodyki D zbieranie danych

[ x ] prowadzenie badas [ ] eraficzne przedstawienie wynikw
analiza statystyczna [ x_] zbieranie pismiennictwa

[x_ ] interpretacja wynikéw i opracowanie wnioskéw || korekta pracy przed zlozeniem do druku
konsultacja E} inne: walidacja, pozyskaniu funduszy

Przyjmuj¢ do wiadomosci, ze powyzsza praca jako czg$¢ rozprawy doktorskiej bedzie
podstawg do ubiegania si¢ o nadanie stopnia doktora przez mgr. Dariusza Jamro,
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pplk dr Dariusz Lenart Wroctaw, 09.01.2023 r.
Kierownik Zakladu Wychowania Fizycznego i Sportu
Akademia Wojsk Lgdowych im. generala Tadeusza Kosciuszki we Wroclawiu

Os$wiadczenie o wspélautorstwie publikacji

Niniejszym oéwiadczam, 2e w pracy (Jamro, D.; Zurek, G.; Lachowicz, M.; Lenart, D.
Influence of Physical Fitness and Attention Level on Academic Achievements of Female and Male
Military Academy Cadets in Poland. Healthcare (Basel) 2021, 9 (10), 1261) méj udziat polegat na:

[ Jxoncepcia pracy [ ] redagowanie publikacii
[ ] zaplanowanie bada wybér metodyki [ aticranie danych
E prowadzenie badan D graficzne przedstawienie wynikow

E analiza statystyczna E zbieranie piSmiennictwa
interpretacja wynikow i opracowanie wnioskow [:l korekta pracy przed ziozeniem do druku

E konsultacja E inne: walidacja, pozyskaniu funduszy

Przyjmuj¢ do wiadomosci, Ze powyzsza praca jako czgs$¢ rozprawy doktorskiej bedzie
podstawa do ubiegania si¢ o nadanie stopnia doktora przez mgr. Dariusza Jamro.
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Malgorzata Dulnik Wractaw, 09.01.2023 r.
Akademii Wychowania Fizycznego i Sportu we Wroclawiu

Odwiadczenie o wspélautorstwie publikacji

Ninicjszym o$wiadczam, ze w pracy (Jamro, D.; Zurek, G.; Dulnik, M.; Lachowicz, M.;
Lenart, D. Executive Function Level in Cadets’ Shooting Performance. International Journal of
Environmental Research and Public Health 2022, 19 (10), 6007) méj udziat polegal na:

[[X Jkoncepeja pracy [ redagowanic publikacii

[ Japlanowanie badan wybdr metodyki [[x ] sieranie danych

[ prowadzenic badas [ enaficanc pracdstawicnic wynikiw
[ Janatiza statystyczna shiermie pilmicunictwa

D interpretacja wynikdw 1 opracowanie wnioskow D korekta pracy przed ziozeniem do druku

[ Jxonsultacia [x Jinne: watidacja

Przyjmuje do wiadomosci, Ze powyZsza praca jako czg$é rozprawy doktorskiej bedzie
podstawa do ubicgania si¢ 0 nadanie stopnia doktora przez mgr. Dariusza Jamro.
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Os$wiadczenie o wspolautorstwie

Malgorzata Dulnik Wroctaw, (09.01.2023 r.
Akademii Wychowanta Fizycznego | Sportu we Wroclawiu

Oswiadczenie o wspolautorstwie publikacji

Ninicjszym ofwiadczam, ze w pracy (Jamro, D.; Zurek, G.; Lachowicz, M.; Lenart, D.;
Dulnik, M. Alternating Attention and Physical Fitness in Relation to the Level of Combat Training.
Healthcare (Basel) 2022, 10 (2), 241) mdj udziat polegal na:

[ Jkoncepci pracy [T redagowanie publikacii

[ zaptanowanic badas wybér metodyki [_Japicranic danych

[ ] prowadzenic badst [ srficame pezsdstawicnic wynikéw
[ Janatiza statystyczna [ ] avieranic piémiennictwa

[ Jinterpretacia wynikéw i opracowanie wnioskéw || korekta pracy przed zlozeniem do druku

E konsultacja inne: walidacja

Przyjmuj¢ do wiadomosci, ze powyzsza praca jako czgS¢ rozprawy doktorskie) bedzie
podstawg do ubicgania si¢ o nadanic stopnia doktora przez mgr. Dariusza Jamro.
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(Mwiadczenie o wspdlau torstwie

Macief Lachowic=z Wroclaw, 09.01.2023 r.
Doktorani Akademii Wychowania Fizyeznego | Sportu we Wroclawiu

Oswiadezenie o wspdlautorstwie publikacji

Minigjszym odwiadczam, de w pracy (Samro, D Zurek, G Lachowic=, M. Lenari, D.
Influence af Physical Fitness and Attention Level on Academic Achievements of Female and Male

Military Academy Cadets in Poland. Healthcare {Basel) 2021, 9 (1), 1261) mdj vdzial polegal na:
I:l koncepoja pracy I:l redagowanie publikacy

zaplanowanie badan wybor metodyki zhieranie damych

I:l prowadzenic badan I:l graficene precdstawienie wynikow
I:I analiza statystycena I:I zhicranie pismicnnictwa

I:I interpretacja wynikow | opracowanie wnioskow I:I korekta pracy preed zhodeniem do druku

konsultacja inne: walidacja

Przyjmuje do wiadomodci, ®e powyisza praca jako czedd rozprawy doktorskiej bedzie
podstawa do ubiegania sie o nadanie stopnia doktora przez mgr. Danusza Jamro.
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(Mwiadczenie o wspilautorstwie

Macief Lachowic=z Wroclaw, 09.07.2023 r.
Doktorant Akademii Wychowania Fizveznego | Sportu we Wroclawiu

Oswiadezenie o wspdlautorstwie publikacji

Niniejszym ofwiadezam, 2e w pracy (Samro, D.; Zurek, G.; Lachowiez, M. Lenart, D.; Dulnik,
M. Alternating Awtention and Physical Fiiness in Relation to the Level of Combar Training. Healthcare

(Basel) 2022, 10 {2), 241) md) udzial polegal na:

koncepcja pracy I:l redagowanie publikacji

zaplanowanie badan wybor metodyki zhieranie damych

I:l prowadzenic badarn I:l graficzne preedstawienie wynikow
I:I analiza statystycena I:I zhicranie pismienmctwa

I:I interpretacja wynikow 1 opracowanic wnioskow I:I korckta pracy praed zhozeniem do druku

konsultacja inne: walidacja

Przyjmuje do wiadomodci, 2e powyisza praca jako czedd rozprawy doktorskiej bedzie
podstawa do ubiegania sie o nadanie stopnia doktora przez mgr. Danusza Jamro.
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Odwiadczenie o wspilautorstwie

Macigf Lachowics Wroclaw, 09.01.2023 r.
Dektorant Akademii Wychowania Fizyeznego | Sportu we Wroclawiu

Oswiadczenie o wspdlautorstwie publikacji

Niniejszym ofwiadczam, e w pracy (Jamro, D Zurek, G.; Dulnik, M. Lochowicz, M.;
Lemart, D. Executive Function Level in Cadets’ Shooting Performance. International Jowrnal of

Environmental Research and Public Health 2022, 19 (10), 6007} md) udzial polegal na:

koncepcja pracy I:l redagowanie publikacji

I:I zaplanowanie badan wybor metodylki zhieranie danych

I:l prowadzenie badan I:l graficzne przedstawienie wynikow
I:I analiza statystyczna zhieranie pismiennictwa

I:I interpretacja wymbkow 1 opracowanie wnioskow I:I korekta pracy praed zhodeniem do druku

konsultacya inne: walidacja, pozyskanie funduszy

Przyjmuje do wiadomodci, 2e powyisza praca jako cze$é rozprawy doktorskiej bedzie
podstawa do ubiegania si¢ o nadanie stopnia doktora przez mgr. Dariusza Jamro.
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