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PSYCHOPHYSIOLOGICAL MARKERS OF ATTENTION CONCENTRATION M) Check for updates
AS PREDICTORS OF PERFORMANCE IN STUDENT HOCKEY FORWARDS:
ROC ANALYSIS

Evgeniy V. Bykov™, Elena G. Sidorkina, Vadim V. Sverchkov, Irina F. Kharina

Urals State University of Physical Culture, Chelyabinsk, Russia

Introduction. Attention is a key cognitive process in team sports. In hockey, competitive performance is critically dependent on rapid deci-
sion-making and efficient information processing under time pressure. However, the current literature lacks established threshold values for
attention metrics that could be used to differentiate players according to their performance level.

Objective. To evaluate the prognostic value of attention concentration and sustained attention metrics as predictors of athletic performance
among student hockey forwards.

Materials and methods. The cross-sectional study enrolled 50 forwards from the student hockey team of the Urals State University of Physi-
cal Culture, with a mean age of 21.9 + 1.9 years. Sustained attention and concentration were assessed using psychophysiological testing with
the NS-PsychoTest hardware-software complex; the results were expressed as quantitative and scoring metrics. Performance was evaluated
based on an integral index of technical and tactical actions (TTA), calculated by the coaching staff from the data of official matches. Based on
the TTA distribution, players were stratified into three groups: Group 1 (below the 25th percentile; low performance; n = 16), Group 2 (between
the 25th and 75th percentiles; moderate performance; n = 18), and Group 3 (above the 75th percentile; high performance; n = 16). Group com-
parisons were performed using nonparametric Kruskal-Wallis and Mann-Whitney U tests. The effect size was estimated using Cohen’s d. The
predictive ability of attention concentration metrics was assessed via Receiver Operating Characteristic (ROC) analysis, including calculation
of the area under the curve (AUC), sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV).

Results. Statistically significant differences in attention concentration metrics were found between the low- and high-performance groups.
For the quantitative attention concentration measure, p = 0.003 and Cohen’s d = 0.65 (medium effect); for the scoring measure, p < 0.001
and Cohen’s d = 0.82 (large effect). ROC analysis confirmed the high predictive potential of both metrics. For the quantitative measure, AUC
was 0.805 (95% Cl: 0.627-0.946), with an optimal threshold of < 0.950, sensitivity of 62.5%, specificity of 93.8%, PPV of 90.9%, and NPV of
71.4%. For the scoring metric, AUC was 0.812 (95% ClI: 0.674-0.938), with an optimal threshold of > 2 points, sensitivity of 87.5%, specificity of
75.0%, PPV of 77.8%, and NPV of 85.7%. The scoring assessment of attention concentration (on a 3-point scale) demonstrated diagnostic ac-
curacy comparable to that of the quantitative metric (AUC: 0.812 vs. 0.805, respectively). Age-related effects were controlled using rank-based
ANCOVA, which confirmed the independence of the observed differences (p = 0.007, n2 = 0.26).

Conclusions. Attention concentration metrics demonstrated high predictive value and may serve as psychophysiological markers for differen-
tiating forwards by performance level. Given its comparable diagnostic accuracy and ease of interpretation, the scoring-based assessment of
attention concentration is recommended for practical application in the system of sports talent selection. The established diagnostic thresholds
require validation in larger samples; however, they may already be applied in sports selection practice as additional objective criteria.
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NCUXOPUI3NOJIONMHECKUE MAPKEPbI KOHLEHTPALIMA BHUMAHUA KAK NMPEAUKTOPDI
PE3YJIbTATUBHOCTU HANAAOAKOLLNX B CTYAEHHYECKOM XOKKEE: ROC-AHAJIN3

E.B. BeikoB™, E.I CupopkumHa, B.B. Ceepykos, V1.0, XapvHa

YpanbCkunii rocyaapCcTBEeHHbIN YHUBEPCUTET N3NHECKom KynbTypbl, HensounHek, Poccust

BBepeHune. B nrpoBbix Brgax crnopra OaHNM 13 KOHEBbIX KOMHUTUBHBIX MPOLIECCOB ABASeTCA BHUMaHWe. CopeBHOBaTeNbHasA peaynsra-
TVMBHOCTb B XOKKEE HanpsimMyto 3aBUCUT OT ObICTPOTbI MPUHATUSA PeLLeHns 1 3PMEKTUBHOCTN 06paboTku MHPOpMaLmn B yCNOBUAX fedu-
umTa BpemeHu. B nybamkauvoHHOM nose oTCyTCTBYIOT MOPOroBble 3Ha4YeHN nokasarenel BHUMaHms, No3sonstoLme anddepeHumposats
MNFPOKOB C Pa3HbIM YPOBHEM Pe3ynsTaTBHOCTY.
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OPUTMHAJIbHASA CTATbA | CMOPTUBHAA MEAVLIMHA

Llenb. OugHka NpoOrHOCTUYECKOro NoTeHLUMasa rnokasaresen KOHLUEHTPaLUM 1 YCTOMYNMBOCTY BHUMAHWS B OTHOLLIEHUM CMOPTUBHbIX PE3YSib-
TaToB HanaAaloLLMX CTYAEHYECKON XOKKENHON KOMaHb!.

MaTepuanel u metogbl. B Kpocc-CeKLMOHHOE UccnenoBaHue bbinm BkoHeHbl 50 XOKKEMCTOB CTYAEHYECKOM KOMaHab! YpanbCKoro ro-
CyOapCTBEHHOrO yHMBEpPCUTETa (DU3NHECKON KyNbTYPbl (MFPOBOE amniya — Hanagarouwme) B Bospacte 21,9 + 1,9 roga. YCTONYMBOCTb
1N KOHLEHTPaLMIO BHUMaHUS (HMCNOBOV 1 HanfbHbIi nokadaTtenv) onpeaensnn nyTem ncruxopranonorn4eckoro TeCTMpOBaHMS Ha anna-
patHo-nporpaMMHomM komnnekce «HC-lMNcuxoTecT». Pe3ynstaTtBHOCTb OUEHMBAIM MO MHTErpasibHOMY MoKa3aTesto TEXHUKO-TaKTUHECKIX
nencteuin (TTH), paccHMTaHHOMY TPEHEPCKUM LWTAaboM Mo Utoram oduumansHbix Matyen. Ha ocHoBe pacnpegenenns T T urpokn pasae-
NeHbl Ha Tpu rpynnbl: rpynna 1 (HWke 25-ro NpoueHTUNA, HU3Kas pesynstaTtnBHOCTb, N = 16), rpynna 2 (B AvanasoHe 25—-75 npoueHTunen,
CPpeaHss pesynstaTmBHOCTb, N = 18) n rpynna 3 (Bbile 75-ro MPOLEHTUNS, BbICOKast pe3ynstaTMBHOCTb, N = 16). CpaBHeHWe rpynn Bbinos-
HEHO C 1MCMNoNb30BaHMEM HenapamMmeTpu4ecknx kputepmes (Kpackena — Yonnuca, ManHa — YutHu), paamep adpdexTta ougeHeH no d KosHa.
MporHocTryeckas cnocobHOCTb MokasaTenei KOHLeHTpaumn BHUMaHns onpeaeneHa ¢ nomollsto ROC-aHanm3a ¢ pacHeToM nnowjaamn
nof kpueor (AUC), 4yBCTBUTENBHOCTW, CNELMMUIHOCTY, MOOXUTENBHON MPOrHOCTUHECKOM LieHHOCTK (PPV) 1 oTpuuatensHoM NporHocTu-
dYeckon ueHHocTu (NPV).

Pe3ynbraThbl. BbisSiBneHbl CTATUCTUHECKN 3HAYNMbIE Pa3NMYMsA MoKasaTene KOHLEHTPpaLmMW BHUMaHMS MeX Ay rpynnamMimn HU3KOW 1 BbICOKOM
pe3ynbTaTMBHOCTY. N5 YMCnoBOro nokasarens KoHUeHTpauum BHuMaHus: p = 0,008, d KosHa = 0,65 (cpegHui addekT); ans 6anisHoro
nokasaTtensi KoHUeHTpaumm BHUManus: p < 0,001, d KoasHa = 0,82 (60nbLLon aheKT). 3Ha4YMMbIX pasnmymin B yCTOMYMBOCTI NokasaTens
BHMMaHWS He BbisiBneHo (p > 0,05). ROC-aHana noaTBepAna BbICOKUI MPOrHOCTUYECKINA NOTeHUman obovx nokasatenen. 4ns Ynicnoso-
ro nokasatens: AUC = 0,805 (95% [W: 0,627-0,946), onTumanbHbii nopor < 0,950, 4yBCTBUTENBHOCTL 62,5%, cneunduyHocTb 93,8%,
PPV = 90,9%, NPV = 71,4%. Ons 6annsHoro nokasarens: AUC = 0,812 (95% [OW: 0,674-0,938), ontumansHbii nopor — 2 1 6onee 6anna,
4yBCTBUTENBHOCTb 87,5%, cneumndunyiHocTbs 75,0%, PPV = 77,8%, NPV = 85,7%. BannbHas oLeHka KOHLeHTpaLMmn BHUMaHKS (Mo Tpexbanib-
HOW LWKane) AeMOHCTPUPYET AMAarHOCTUHECKYIO TOYHOCTb, COMOCTaBMUMYIO C YMcnoBbiM Nokasatenem (AUC 0,812 1 0,805 CoOOTBETCTBEHHO).
KoHTponb BvsHWSA Bo3pacTa (paHrosblin ANCOVA) NoATBEPAM HE3ABMCUMOCTb BbISBNEHHbIX padnuyuii (p = 0,007, n2 = 0,26).

BbiBoabl. [okazaTenn KoHLeHTpaummn BHUMaHNs 0baafatoT BbICOKOW MPOrHOCTUHECKOW LIEHHOCTBIO U MOMYT paccMaTpuBaTbCs Kak ncu-
xousmonorndeckmne mapkepbl Ana auddepeHymaymm Hanagatolwyx o YpOBHIO pe3ynsTatMBHOCTU. bannbHasa oueHka KOHUEeHTpauum
BHMMaHWs bnarofjapsi COnocTaBMMOM AUAarHOCTUHECKON TOYHOCTL 1 MPOCTOTE MHTEPMNPETALMN MOXET OblTb PEKOMEHA0BaHA AN NpaKTu-
4eCKOoro NPUMEeHeHNst B CUCTeMe CMOPTUBHOIO oTbopa. YCTaHOBEHHbIE ANarHOCTUYECKE MOPOry TPeByIOT Bannaaumm Ha paclUMpeHHbIX
BblIGOPKax, HO y>ke MOryT ObITb MCMOb30BaHbI B MPAKTUKE CMOPTMBHOIO 0T60pa Kak AOMONHUTENbHbIE OO bEKTUBHbIE KPUTEPUIN.

KntoueBble cnosa: BH/MaHVE; KOHLUEHTpauns; yCTOI7I‘-WIBOCTb; I'ICI/IXOdDI/ISI/IOJ'IOI'I/I‘-IeCKI/Ie MapkKepbl; Hanagatolwme; ctyaeH4eckasd kKoMaHaa,
XOKKel; esynbLTaTMBHOCTbL;, COpeBHOBaTe/IbHaA OeATEIbHOCTb

Ons untupoBaHus: beikos E.B., CupopkuHa E.I, Ceepukos B.B., XapuHa N.®. MNcuxodumsmonornieckmne Mapkepbl KOHLEHTPaLMN BHU-
MaHVA Kak NpeamvKTopbl Pe3ynsTaTMBHOCTA HanafatoLwmx B CTyaeHYeckom xokkee: ROC-aHanua. SkcTpemasibHas buomenumHa. 2026.
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®duHaHcupoBaHue. PaboTa BbiNOSIHEHA B pamMKax UCMOMHEHWA rocyqapCTBeHHOro 3aaanusa HVIP Ha Temy «[oBblleHne sahpekTMBHOCTN
CMOPTUBHOW NOArOTOBKYM XOKKEWCTOB CTYAEHYECKOW XOKKENHON NN Ha OCHOBE y4eTa X MCUXOMDU3MONOMMHECKIMX 1 TEXHUKO-TaKTUHECKIX
xapaktepucTuk» Ne 777-00014-25-00 (2025 1) n Ne 777-00029-26-00 (2026 ).

CooTBeTCTBME NPpUHLMNaM 3TUKK. Bce nccnenosaHns NMpoBoanAMCH B COOTBETCTBUM C MPUHLIMNaMU BUOMEONLMHCKOM STUKM, U3OXEH-
HbIMK B XeNbCUHKCKOM Aeknapaumn (1964 r.) n nocnedyowmx nonpaBkax K Hell. OHY Takxxe 0f00peHb! oKafibHbIM 3TUHECKM KOMUTETOM
OreQy BO «Ypanl YOK» (npotokon Ne 1 oT 17.09.2024). Kaxkabiii y4acTHUK aan go6poBosbHOE NMCbMEHHOe MHOoPMUMPOBaHHOE corfacue
roce Noay4eHnst padbsaCHEHWA O XxapakTepe NPeACTOsLLEro NCCNefoBaHns, a TakxKe NOTeHLManbHbIX PUCKax 1 NpenmMyLlecTsax.

MoTeHuunanbHbIl KOHANKT MHTEPECOB. ABTOPbI 3asBNAOT 06 OTCYTCTBUM KOH(MIMKTA MHTEPECOB.

Wcnonb3oBaHne nHctpymeHtoB UW. ABTOpbI 3asBASIOT, YTO BO BPEMSI MOArOTOBKM PYKOMUCK HE UCMONb30BaN MHCTPYMEHTbI NCKYC-
CTBEHHOMO VHTENNEeKTA.

><I BbikoB EBreHuit Butanbesuny bevs8@yandex.ru
Ctatbs noctynuna: 31.07.2026 MNocne gopaboTku: 21.08.2026 MpuHaTa kK nybnukauun: 27.08.2026 Online first: 05.10.2026

INTRODUCTION

High athletic performance in team sports requires effi-
cient information processing and rapid decision-making
under time pressure [1-4]. Attention, as a core cognitive
process, underpins these capabilities. A meta-analysis
by Ren et al. [5] provides quantitative support for en-
hanced cognitive control in athletes: compared with
non-athletes, athletes demonstrated superior inhibitory
control (standardized mean difference, SMD = —-0.631)
and working memory (SMD = —0.382). Notably, cogni-
tive flexibility tends to increase with athletic skill level:
athletes of higher proficiency demonstrate greater cog-
nitive flexibility than those with lower expertise. Evidence
from Liu et al. [6] further supports the link between ex-
pertise and visuospatial attentional capacity: athletes

outperformed non-athletes on multiple object track-
ing tasks (Hedges’ g = 0.56), whereas skilled athletes
showed a substantially larger advantage over novices
(g = 0.92). Moreover, research indicates that the magni-
tude of cognitive differences is strongly influenced by the
specific sport discipline [5].

Hockey is recognized as an open-skill sport, wherein
the efficacy of perceptual-cognitive processes is a criti-
cal determinant of performance [7]. Neuroimaging evi-
dence further demonstrates that elite hockey players
exhibit greater neural efficiency than both novice players
and non-athletes [8]. Evidence indicates that Junior-A
forwards demonstrate a higher rate of sensory informa-
tion processing than defensemen [1]. In contrast, find-
ings from a separate study suggest the opposite trend
among adolescent hockey players [9].
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Despite the extensive body of research on attention
in sport, no published studies were identified that re-
port threshold values for attention metrics suitable for
differentiating athletes by performance level. While ex-
isting literature commonly compares novice and expe-
rienced athletes, it generally lacks criteria applicable to
individual-level screening. A systematic literature search
was conducted in the following databases: PubMed,
Scopus, Cochrane Library, Google Scholar, and
elLibrary.ru. The search covered the period from 2010
to March 2026. The following keywords (in both Russian

and English) were used: “BHUMaHuWe”/“attention”, “ncu-

xodmsmonorudeckne  Mapkepbl’/“psychophysiological
markers”,  “npegvkTopbl”/“predictors”,  “xokken’/“ice
hockey”, “ROC-aHann3”/“ROC analysis”, “ovnarHocTuye-

I

ckune noporn’/“diagnostic cut-offs”,
CKPWHWHI/“individual screening”.
The primary objective of this study was to evaluate
the predictive utility of attention concentration and sus-
tained attention metrics as indicators of sports perfor-
mance among forwards of a university hockey team.

NHAVBUOYaNLHbIN

MATERIALS AND METHODS
Study design and sample characteristics

Study design. The study employed a cross-sectional
observational design. Data analysis was conducted ret-
rospectively following the completion of data collection.
The reporting of results conforms to the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE)' guidelines for cross-sectional studies, as
well as to the core recommendations of the Standards
for Reporting of Diagnostic Accuracy Studies (STARD)?
statement for diagnostic accuracy research.

Psychophysiological testing and assessment of
technical-tactical actions (TTA) were carried out during
the pre-season preparation periods of the 2024/2025
and 2025/2026 seasons. The study cohort comprised
50 athletes.

Data were collected sequentially from all team for-
wards who fulfilled the predefined inclusion criteria.
Attention metrics (serving as the index test) and TTA as-
sessment (used as the reference standard) were evalu-
ated independently to avoid cross-contamination. The
coaching staff responsible for calculating the TTA had
no access to the psychophysiological testing results.
Conversely, the specialists who conducted the psycho-
physiological assessments were unaware of the play-
ers’ current performance metrics. This double-blind ar-
rangement minimized the risk of assessment bias.

Sample characteristics. Inclusion criteria:

e Member of the Urals State University of Physical

Culture (UralSUPC) men’s ice hockey team;
¢ Playing position: forward;

e No acute injuries at the time of assessment;
e Complete psychophysiological testing data and TTA
records available.

Exclusion criteria:
¢ Playing position: defenseman or goalkeeper;

e Incomplete psychophysiological testing data and

TTA records;

e Confirmed diagnosis of concussion within six months
prior to the assessment.

All forwards of the UralSUPC men’s ice hockey team
who met the predefined inclusion criteria were enrolled
in the study during the 2024/2025 and 2025/2026 sea-
sons. Of the 52 forwards who played for the team over
this period, 50 were included, yielding a coverage rate
of 96.2% of the target population. The study sample is
considered representative of the target population, given
the near-complete coverage of eligible forwards from the
team roster. An a priori power analysis was conducted
using G*Power (a = 0.05, 1 — p = 0.80) to determine the
required sample size for detecting a large effect size
(Cohen’s d = 0.82). The analysis indicated that 52 par-
ticipants were required to achieve adequate statistical
power. The actual sample size (n = 50) closely aligns
with the a priori calculated target (n = 52), providing suf-
ficient statistical power to detect the anticipated effect
size. The findings should therefore be interpreted as ap-
plicable to university-level hockey forwards and should
not be extrapolated to other athletic populations.

Psychophysiological testing

Psychophysiological assessment was conducted
in the first half of the day under standardized condi-
tions (isolated room, comfortable temperature, ab-
sence of extraneous stimuli). Testing was performed
using the NS-PsychoTest hardware-software complex
(Neurosoft, Russia).

Assessment of attention metrics

1. The numerical indicator of sustained attention
reflects the consistency of attention maintenance over
time. The scale is inverse: a lower value corresponds to
better sustained attention.

2. The numerical index of attention concentration
is defined as the ratio of correct responses to the total
number of stimuli. The scale is inverse: a lower value cor-
responds to better attention concentration.

3. Thesustained attention score was derived by grad-
ing the numerical index according to the NS-PsychoTest
reference norms: 1 — low level, 2 — moderate level,
3 — high level. The scale is direct: higher scores indicate
better sustained attention.

4. The attention concentration score was assighed
using the same grading scale: 1 — low level, 2 — mod-
erate level, 3 — high level. The scale is direct: higher
scores indicate better attention concentration.

" Von EIm E, Altman DG, Egger M, Pocock SJ, Getzsche PC, Vandenbroucke JP. Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
statement: guidelines for reporting observational studies. BMJ. 2007;335(7624):806-8. https://doi.org/10.1136/bmj.39335.541782.AD
2 Bossuyt PM, Reitsma JB, Bruns DE, Gatsonis CA, Glasziou PP, Irwig L, et al. STARD 2015: An updated list of essential items for reporting diagnostic accuracy

studies. BMJ. 2015;351:h5527. https://doi.org/10.1136/bmj.h5527
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Performance assessment. The performance of for-
wards was assessed using an integral TTA score calcu-
lated by the coaching staff based on official matches.
The TTA score comprised eight components of in-game
activity: skating movement, shots, passes, puck recov-
ery, game discipline, shot blocking, dribbling/stickhan-
dling, and positioning. Each component was rated on a
1-10-point scale. The final TTA score was obtained as
the sum of scores across all components.

Based on the distribution of final TTA scores, all play-
ers were divided into three groups:

e Group 1 (below the 25th percentile) — players with
the lowest TTA scores (low performance);

e Group 2 (between the 25th and 75th percentiles) —
players with moderate TTA scores;

e Group 3 (above the 75th percentile) — players with
the highest TTA scores (high performance).
Statistical analysis. Statistical analysis was per-

formed using Python (version 3.12). Given that most vari-

ables did not follow a normal distribution (Shapiro-Wilk
test, p < 0.05), non-parametric methods were applied.

Descriptive statistics are presented as median and in-

terquartile range (M, [Q,; Q,]). For age, which showed

a distribution consistent with normality, the mean and

standard deviation were reported as M + SD (where M is

the arithmetic mean, SD is the standard deviation). The

95% confidence intervals (Cls) for medians were calcu-

lated using the bootstrap method (10,000 iterations).

Group comparisons across the three groups were
performed using the Kruskal-Wallis test, followed by
Dunn’s post-hoc pairwise comparisons with Bonferroni
correction.

Groups 1 and 3 were compared using the Mann-
Whitney U test. The effect size was estimated using two
approaches:

e Correlation coefficient r = |Z| /[N, where Z is the stan-
dardized U-test statistic and N is the total sample size.
The r values were interpreted as follows: 0.10 — small
effect, 0.30 — medium effect, 0.50 — large effect?;

e Cohen’s d was calculated using the formula
d=2Zx\n,+n)/n, xn,). The d values were inter-
preted as follows: 0.20 — small effect, 0.50 — me-
dium effect, 0.80 — large effect*.

Adjustment for age. To control for the potential con-
founding effect of age on differences between Groups 1
and 3, a rank-based analysis of covariance (ANCOVA)
was conducted. In this approach, the dependent vari-
able was first ranked, and age was then included in the
model as a covariate. The effect size for the “Group” fac-
tor was quantified using partial n?; following conventional
benchmarks, values of 0.01, 0.06, and 0.14 were inter-
preted as small, medium, and large effects, respectively.

Selection of optimal cutoff. The optimal cutoff values for
attention concentration metrics were determined empiri-
cally via the Youden index (J = sensitivity + specificity — 1)
within the Receiver Operating Characteristic (ROC) analysis

framework. These cutoffs were not predetermined a priori,

which is consistent with the exploratory design of the studly.

The resulting thresholds should be independently validated

in external samples to confirm their generalizability.

ROC analysis and diagnostic value. To evaluate the
predictive ability of attention concentration metrics for
classifying athletes into high- versus low-performance
groups, ROC analysis was conducted.

The following metrics were calculated:

e The area under the ROC curve (AUC) with a 95%
confidence interval (Cl), estimated via bootstrap with
10,000 iterations;

e The optimal cutoff threshold using the Youden index;

e Sensitivity and specificity;

e Positive predictive value (PPV) and negative predic-
tive value (NPV).

Participant flow. Of the 50 forwards, 32 players were
included in the ROC analysis: 16 athletes were assigned
to the low-performance group (below the 25th percen-
tile of the TTA score) and 16 to the high-performance
group (above the 75th percentile). The 18 players in the
intermediate performance range (25th—75th percentiles)
were excluded from the diagnostic accuracy analysis,
as ROC methodology requires a binary comparison be-
tween contrasting performance categories.

Handling of missing data. The analysis was per-
formed using complete data only. The proportion of
missing data did not exceed 5%, and multiple imputa-
tion was not applied.

Software. The calculations were performed using
the Python programming language with the following
libraries: pandas (2.0.3), numpy (1.25.2), scipy (1.11.4),
statsmodels (0.14.0), scikit-learn (1.3.2), scikit-posthocs
(0.7.0). Visualization was carried out using matplotlib
(3.8.0) and seaborn (0.13.2).

RESULTS

Performance groups were established based on the dis-
tribution of the integral TTA indicator. Group 1 comprised
players scoring below the 25th percentile (low perfor-
mance, n = 16); Group 2 included those within the 25th—
75th percentile range (moderate performance, n = 18);
and Group 3 consisted of players scoring above the 75th
percentile (high performance, n = 16). Descriptive char-
acteristics of the sample are provided in Table 1.

The results of the analysis of attention metrics across
the three performance groups are presented in Table 2.
Post-hoc analysis revealed that the main differences
were observed between Groups 1 and 3 (p = 0.002
for the numerical score; p < 0.001 for the point-based
score). Group 2 occupied an intermediate position,
showing no statistically significant differences from ei-
ther Group 1 or Group 3 (p > 0.05). Sustained attention
(both numerical and point-based scores) did not differ
significantly between the groups (p > 0.05).

¢ Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed. New York: Lawrence Erlbaum; 1988. https://doi.org/10.4324/9780203771587

4 Ibid.
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Table 1. Sample characteristics (hockey forwards)

Parameter Value
Total number, N 50
Age, years (M + SD) 219+19
Group 1 (low performance), n 16
Group 2 (moderate performance), n 18
Group 3 (high performance), n 16
Integral indicator of TTA, M_ [Q,; Q). 49.0 [47.5; 56.5]

Table prepared by the authors using their own data

Note. Age is presented as the mean (M) + standard deviation (SD). Technical and tactical actions (TTA) values are presented as the median (M)
and interquartile range [Q,; Q.

Table 2. Comparison of attention metrics between performance groups

: P p P
Indicator Pe’f"r:)"Jance '”d,:;""[tgr_ ‘g']“e’ p* | (25th vs 50th | (25th vs 75th | (50th vs 75th
group el™1? 78 percentile)? percentile)? percentile)*
1 (low) 2.50 [1.75; 3.00]
Sustained 2 (moderate) | 3.00[2.00;3.00] | 0.378 0.568 0.125 0.205
attention (score)
3 (high) 3.00 [2.00; 3.00]
1 0.97 [0.94; 1.01
Sustained (low) [ ]
attention 2 (moderate) 0.98 [0.96; 1.02] 0.821 0.650 0.780 0.820
(numeric) )
3 (high) 0.96 [0.92; 1.00]
) 1 (low) 1.01 [0.98; 1.05]
Attention
concentration 2 (moderate) 0.98 [0.95; 1.00] 0.003 0.105 0.002 0.519
(numeric) ,
3 (high) 0.95 [0.91; 0.98]
1( 1.00 [1.00; 1.25
Attention (low) [ ]
concentration 2 (moderate) 2.00 [1.00; 2.00] 0.001 0.089 0.001 0.098
(score) ,
3 (high) 2.00 [2.00; 2.00]

Table prepared by the authors using their own data

Note. * Kruskal-Wallis test; * Dunn’s post-hoc test with Bonferroni correction.

Table 3. Comparison of attention concentration metrics between low- and high-performance groups

. Performance | Indicator value, " , 4 2
Indicator group M Q; Q] p (V) Cohen’s d r p (ANCOVA) n
Attention concentration 1 (low) 1.01[0.97;1.09] 0.003 065 0150 0.007 096
(numeric) 3 (high) 0.94 [0.91; 0.982]
Attention concentration 1 (low) 1.00 [1.00; 1.28] < 0.001 0.80 0.380 B B
(score) 3 (high) 2.00 [2.00; 2.00]

Table prepared by the authors using their own data

Note. * Mann-Whitney U test; * rank-based ANCOVA with age adjustment; Cohen’s d —standardized mean difference; r — correlation coefficient;
n? — partial eta-squared; p (ANCOVA) — p-value from the rank-based ANCOVA. For the scoring measure of attention concentration, ANCOVA
was not performed due to lack of variability in Group 3 (all values = 2). Groups 1 and 3 were compared using an a priori contrast; therefore, no
correction for multiple comparisons was applied.
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- Attention concentration (numeric), AUC = 0.805
- = - Attention concentration (score), AUC = 0.812
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Specificity
Figure prepared by the authors using their own data

Fig. ROC curves for numerical and scoring measures
of attention concentration in hockey forwards

To further examine the differences between perfor-
mance Groups 1 and 3, a Mann-Whitney U test was
conducted (Table 3). The effect size was estimated using
Cohen’s d and r. To control for the influence of age, a
rank-based ANCOVA was performed.

Differences in the numerical attention concentration
score were found between Groups 1 and 3 (p = 0.003).
The effect size was d = 0.65 (medium effect) according
to Cohen’s d, and r = 0.152 (small effect). After adjusting
for age, the differences remained significant (o = 0.007),
with an effect size of n? = 0.26 (large effect). Differences
in the attention concentration score were also found
between the groups (p < 0.001), with a large effect
size (Cohen’s d = 0.82, r = 0.38). All players in Group 3
achieved the maximum score (2), indicating no variability
within this group.

To assess the predictive ability of attention concentra-
tion measures for membership in the high-performance
group, an ROC analysis was performed (Table 4, Figure).

Preliminary data suggest the potential predictive value of
both attention concentration measures (AUC > 0.8). For the
numerical metric, the area under the ROC curve was 0.805
(95% Cl: 0.669-0.974), with an optimal cut-off of < 0.950.
The measure demonstrated high specificity (93.8%) and
moderate sensitivity (62.5%). For the score-based meas-
ure, the AUC was 0.812 (95% CI: 0.781-0.987), with an op-
timal cut-off of > 2 points. The metric demonstrated high
sensitivity (87.5%) and moderate specificity (75.0%). PPV
was 77.8%, and NPV was 85.7%.

For a clear illustration of the diagnostic accuracy of
the score-based attention concentration measure at the
threshold of = 2 points, a 2 x 2 contingency table is pro-
vided (Table 5).

DISCUSSION

The present study revealed differences in attention con-
centration measures between forward hockey players
with high and low performance levels. The effect size,
estimated using Cohen’s d (d = 0.65), corresponds to a
medium-to-large effect, indicating substantial practical
significance of the differences. After adjusting for age
using rank-based ANCOVA, the difference remained
statistically significant, confirming that the effect is inde-
pendent of age-related differences between the groups.
The present findings are consistent with the results of
the meta-analysis by Ren et al. [5], which demonstrated
that athletes outperform non-athletes in executive func-
tions, particularly in inhibitory control and working mem-
ory. In our study, this effect is illustrated by within-group
differences among players of a university hockey team. It
was found that the attention concentration measure can
differentiate hockey players with varying levels of com-
petitive performance within the same playing position.
The neurophysiological interpretation of these find-
ings is supported by the study of Yu et al. [8], who used
functional near-infrared spectroscopy (fNIRS) to dem-
onstrate that elite hockey players exhibit greater neural
efficiency during attention-related tasks compared to

Table 4. ROC analysis of attention concentration metrics in hockey forwards

Predictive value
: Areaunder| | cutoff | Sensitivity, | Specificity
Indicator the ROC 95% ClI P 0 o — .
curve, AUC value Se (%) Sp (%) positive, | negative,
’ PPV (%) | NPV (%)
Attenthn concentration 0.805 0.697-0.946 | <0.950 625 03.8 90,0 »
(numeric)
(AS’[CT?)?;;on concentration 0.812 0.674-0.938 S5 875 50 S o5 7

Table prepared by the authors using their own data

Note. * confidence interval estimated using the bootstrap method (10 000 iterations); # threshold determined by Youden'’s index.
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Table 5. Association between attention concentration scoring (threshold = 2 points) and membership in the

high-performance group (n = 32)

Attention concentration (score) Group 3 (high) Group 1 (low) Total
Positive test: score = 2 14 (87.5%) 4 (25.0%) 18
Negative test: score < 2 2 (12.5%) 12 (75.0%) 14
Total 16 16 32

Table prepared by the authors using their own data

Note. Sensitivity = 14/16 = 87.5%; specificity = 12/16 = 75.0%; PPV = 14/18 = 77.8%; NPV = 12/14 = 85.7%.

less experienced athletes. In these players, activation
of executive networks was lower, while task accuracy
was higher than in novice athletes. Similar results were
reported by Kirby et al. [1], who demonstrated that for-
wards exhibited faster sensory processing compared to
defensemen, as indicated by a shorter N100 component
latency (p = 0.046). This may reflect more efficient func-
tioning of attention-related neuronal networks. Thus, the
higher attention concentration observed in high-perfor-
mance forwards may reflect both the neurophysiological
“‘economy” of information processing and the accumu-
lated perceptual-cognitive experience.

To evaluate the predictive ability of attention con-
centration, an ROC analysis was performed. Both the
numerical and score-based attention concentration
measures Yyielded AUC values greater than 0.8, which,
according to the Hosmer-Lemeshow classification®,
corresponds to “excellent” discriminative performance.
The numerical measure is characterized by high speci-
ficity and moderate sensitivity, which makes it suitable
for ruling out candidates with a low probability of suc-
cess. In contrast, the score-based assessment demon-
strates high sensitivity with moderate specificity, thereby
minimizing the risk of overlooking promising athletes
during the selection process.

The obtained AUC values exceed those reported
for many other assessment methods in sports psycho-
physiology. For example, in the study by Lemoyne et al.
[10], discriminant analysis failed to identify significant
selection predictors in a male sample of junior hockey
players. The authors attributed this finding to the high
homogeneity of the sample and the insufficient sensitiv-
ity of the tests used. In contrast to their approach, ROC
analysis in this study enabled the detection of subtle
differences within a homogeneous sample, highlight-
ing the advantage of this method for talent identification.
Tétreault et al. [11] demonstrated that scouts’ subjective
assessments remain the best predictor of performance;
however, incorporating objective psychological tests
may improve the accuracy of performance forecasting.
The present study offers a concrete and readily available
tool to complement such assessments.

A comparison with the study by Zhang et al. [12], in
which the individual alpha peak frequency (IAPF) param-
eter was correlated with the accuracy of a multiple object

tracking task in hockey players, indicates that the atten-
tion concentration measures demonstrate comparable
predictive ability. Notably, our method does not require
EEG confirmation and can be applied in field settings,
which substantially broadens its practical utility.

In contrast to attention concentration, the measure
of sustained attention showed no differences between
the high- and low-performance groups, with a very
small effect size (Cohen’s d < 0.1). This finding is con-
sistent with the data reported by Heilmann et al. [13],
who demonstrated that cognitive training incorporating
virtual reality improves inhibitory control but does not
exert a significant effect on sustained attention met-
rics in young hockey players. Sustained attention likely
serves as an indicator of the central nervous system’s
overall tone, while selective attention constitutes a train-
able skill directly associated with on-ice performance.
Consistent with this distinction, Yu et al. [8] found that
neurophysiological disparities between elite and nov-
ice players manifest primarily as differential activation of
the right dorsolateral prefrontal cortex during executive
function tasks, with minimal divergence observed dur-
ing sustained attention trials. This may explain why se-
lective attention — being a more active and controllable
process — shows a stronger association with skill level
than sustained attention, which functions as a passive
background mechanism.

We included only forwards in the analysis, which lim-
its the generalizability of these findings to defensemen.
This methodological constraint is particularly relevant
given that Kirby et al. [1] have demonstrated significant
differences in neurophysiological markers of cognitive
processing between these two positions. Forwards ex-
hibited significantly shorter N100 latencies than defense-
men (p = 0.046), suggesting distinct position-specific
patterns of cognitive load processing. Conversely, other
traits — such as attentional switching speed and spatial
analysis ability — may serve as more salient predictors
for defensive players, warranting targeted investigation
in dedicated samples.

CONCLUSIONS

Attention concentration is an informative psychophysio-
logical marker for differentiating university hockey

5 Hosmer DW, Lemeshow S, Sturdivant RX. Applied logistic regression. 3rd ed. Hoboken: Wiley; 2013.
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forwards based on performance levels. ROC analysis
confirmed the high predictive capacity of these metrics,
enabling effective discrimination between players with
varying competitive efficiency despite sharing the same
playing position. The superior attentional focus observed
in high-performance forwards likely stems from a com-
bination of enhanced neurophysiological efficiency —
reflected in reduced cortical resource allocation during
information processing — and accumulated perceptual-
coghnitive expertise, which facilitates rapid pattern recog-
nition and optimal decision selection. The score-based
assessment of attention concentration yields diagnostic
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