
Supplementary Materials

Technical-Tactical Indicators Across National and International Competition in Women’s Under-16 Volleyball: A Longitudinal Single-Team Study
This supplementary file provides the operational definitions of the key performance indicators, quality-control procedures, anonymized match-level dataset, quality-control audit trail, observational reliability summary, and Supplementary Figure S1 used to support the main manuscript. All information is aggregated at match level and excludes player names, individual identifiers, and video-derived identifiable information.
Table S1. Operational definitions and coding criteria for match-level key performance indicators.
	KPI
	Operational definition
	Numerator
	Denominator
	Formula / scale
	Unit of analysis
	Notes for interpretation

	Functional serve effectiveness (%)
	Percentage of serves that produced a direct point or constrained the opponent’s organized offensive construction.
	Serves resulting in an ace, negative reception, non-ideal reception, or free-ball/replayed construction by the opponent.
	Total serves executed by the observed team in the match.
	Effective serves / total serves × 100
	Full official match
	Higher values indicate greater service pressure and reduced opponent side-out organization.

	Reception effectiveness (%)
	Percentage of receptions that allowed the observed team to construct an organized attack.
	Positive or optimal receptions enabling structured offensive construction.
	Total receptions performed by the observed team in the match.
	Effective receptions / total receptions × 100
	Full official match
	Lower values may indicate increased opponent serving pressure or instability in Complex I.

	Direct attack effectiveness (%)
	Percentage of attacks that directly produced a point for the observed team.
	Attack actions ending in a direct point.
	Total attack actions executed by the observed team in the match.
	Point-scoring attacks / total attacks × 100
	Full official match
	Primary offensive-conversion indicator. In this single-case study, it differentiated won and lost national matches after Holm adjustment.

	Blocking points
	Number of direct points obtained through blocking actions. Raw counts were retained in the dataset; comparative analyses used set-normalized values.
	Direct blocking points scored by the observed team.
	Total sets played, calculated as sets won plus sets lost.
	Raw count per match; for comparative analyses: blocking points / total sets played.
	Raw full-match count; blocking points per set for comparative analyses.
	Represents terminal blocking output, not total block touches, defensive block participation, or block attempts. Set-normalized values reduce the influence of unequal match duration across groups.

	Unforced errors
	Number of self-generated errors that awarded a point to the opponent without a decisive technical-tactical action by the opponent. Raw counts were retained in the dataset; comparative analyses used set-normalized values.
	Serve, reception, attack, setting, block, or defense errors attributable to the observed team.
	Total sets played, calculated as sets won plus sets lost.
	Raw count per match; for comparative analyses: unforced errors / total sets played.
	Raw full-match count; unforced errors per set for comparative analyses.
	Higher values indicate technical-tactical instability or an unfavorable risk-cost balance. Set-normalized values reduce the influence of unequal match duration across groups.






Note. All indicators were initially recorded at the match level. Functional serve effectiveness, reception effectiveness, and direct attack effectiveness were expressed as percentages. Blocking points and unforced errors were recorded as raw full-match counts. For comparative analyses, both variables were standardized by total sets played, calculated as sets won plus sets lost. Because rally counts were not available, per-set values should be interpreted as pragmatic exposure-adjusted indicators rather than exact event rates.



Table S2. Structured quality-control procedures applied to the retrospective technical-tactical database.
	Step
	Quality-control procedure
	Criterion applied
	Action taken before analysis
	Purpose

	1
	Duplicate screening
	Repeated match IDs, dates, tournament labels, phases, and score patterns were checked.
	Duplicated or inconsistent entries were flagged and resolved before locking the database.
	Avoid artificial inflation of the analytical sample.

	2
	Official result consistency
	Match result was compared with sets won and sets lost.
	Rows with inconsistency between final result and set score were reviewed against the original team records.
	Ensure correct binary coding of match outcome.

	3
	Set-score coherence
	The relationship between set scores and match outcome was verified.
	Set-level entries were checked for implausible patterns or impossible score structures.
	Strengthen internal consistency of match-level aggregation.

	4
	Range and plausibility checks
	Percentage-based KPIs were expected to range from 0 to 100%; count variables had to be non-negative.

	Implausible or out-of-range values were inspected and corrected only when supported by source records.
	Reduce coding or transcription errors.

	5
	Missing-data screening
	Empty or incomplete cells in match-level KPIs were reviewed.
	Missing values were documented. Matches without analyzable KPIs would be excluded from the relevant analysis.

	Preserve transparent analytical eligibility.

	6
	Cross-check of main indicators
	Key variables were cross-checked against available team records when inconsistencies were detected.
	The final analytical file was locked after structured review.
	Maintain reproducibility of the retrospective database.

	7
	Final database lock
	No additional edits were allowed after quality-control completion.
	The locked dataset was used for all descriptive, comparative, and exploratory logistic modeling analyses.

	Avoid post hoc changes after observing results.


Note. The final database was locked before the descriptive, comparative, and exploratory logistic modeling analyses.



Table S3. Aggregated anonymized match-level dataset used for the descriptive, comparative, and exploratory logistic modeling analyses.
	Match ID
	Competition level
	Phase
	Sets won
	Sets lost
	Result
	Serve eff. (%)
	Reception eff. (%)
	Direct attack eff. (%)
	Blocking points (n)
	Unforced errors (n)

	M-001
	National
	Final
	2
	0
	1
	67.0
	22.0
	30.0
	3
	13

	M-002
	National
	Regular
	2
	0
	1
	73.0
	20.0
	61.0
	3
	10

	M-003
	National
	Regular
	2
	0
	1
	73.0
	31.0
	42.0
	3
	19

	M-004
	National
	Regular
	2
	0
	1
	63.0
	27.0
	41.0
	0
	18

	M-005
	National
	Regular
	2
	0
	1
	71.0
	30.0
	30.0
	3
	16

	M-006
	National
	Regular
	2
	1
	1
	72.0
	27.0
	52.0
	7
	15

	M-007
	National
	Regular
	2
	0
	1
	69.0
	44.0
	37.0
	6
	19

	M-008
	National
	Regular
	1
	2
	0
	59.0
	28.0
	46.0
	6
	19

	M-009
	National
	Semifinal
	2
	0
	1
	59.0
	45.0
	50.0
	5
	10

	M-010
	National
	Final
	2
	0
	1
	65.0
	29.0
	43.0
	6
	10

	M-011
	National
	Regular
	2
	0
	1
	75.0
	28.0
	49.0
	0
	12

	M-012
	National
	Regular
	2
	0
	1
	74.0
	17.0
	24.0
	5
	14

	M-013
	National
	Regular
	2
	1
	1
	69.0
	28.0
	27.0
	7
	27

	M-014
	National
	Regular
	1
	2
	0
	79.0
	24.0
	30.0
	2
	19

	M-015
	National
	Regular
	2
	1
	1
	82.0
	13.0
	27.0
	3
	18

	M-016
	National
	Regular
	2
	0
	1
	73.0
	16.0
	33.0
	3
	17

	M-017
	National
	Regular
	0
	2
	0
	71.0
	40.0
	26.0
	2
	17

	M-018
	National
	Regular
	1
	2
	0
	69.0
	24.0
	32.0
	7
	17

	M-019
	National
	Regular
	0
	2
	0
	69.0
	17.0
	24.0
	3
	16

	M-020
	National
	Regular
	2
	1
	1
	70.0
	32.0
	46.0
	5
	15

	M-021
	National
	7th–8th place
	2
	0
	1
	78.0
	14.0
	41.0
	1
	9

	M-022
	National
	Regular
	2
	0
	1
	82.0
	20.0
	33.0
	1
	14

	M-023
	National
	Regular
	2
	0
	1
	75.0
	36.0
	55.0
	0
	13

	M-024
	National
	Regular
	2
	0
	1
	52.0
	32.0
	37.0
	3
	9

	M-025
	National
	Regular
	0
	2
	0
	62.0
	33.0
	30.0
	5
	11

	M-026
	National
	Regular
	2
	0
	1
	83.0
	14.0
	44.0
	1
	12

	M-027
	National
	Regular
	2
	0
	1
	63.0
	38.0
	40.0
	3
	19

	M-028
	National
	Final
	1
	2
	0
	67.0
	34.0
	29.0
	6
	24

	M-029
	National
	Regular
	2
	0
	1
	66.0
	24.0
	33.0
	6
	17

	M-030
	National
	Regular
	2
	0
	1
	65.0
	23.0
	40.0
	3
	17

	M-031
	National
	Regular
	0
	2
	0
	47.0
	33.0
	30.0
	1
	15

	M-032
	National
	Regular
	2
	0
	1
	59.0
	43.0
	37.0
	8
	17

	M-033
	National
	Regular
	2
	1
	1
	72.0
	30.0
	41.0
	8
	20

	M-034
	National
	Regular
	1
	2
	0
	59.0
	48.0
	35.0
	4
	25

	M-035
	National
	Semifinal
	0
	2
	0
	50.0
	27.0
	33.0
	3
	21

	M-036
	National
	3rd–4th place
	2
	0
	1
	73.0
	18.0
	39.0
	8
	12

	M-037
	National
	Regular
	1
	2
	0
	65.0
	32.0
	30.0
	5
	17

	M-038
	National
	Regular
	2
	0
	1
	66.0
	14.0
	32.0
	3
	21

	M-039
	National
	Regular
	0
	2
	0
	68.0
	22.0
	32.0
	0
	14

	M-040
	National
	Regular
	2
	1
	1
	66.0
	23.0
	39.0
	6
	16

	M-041
	National
	Regular
	2
	0
	1
	70.0
	46.0
	33.0
	5
	18

	M-042
	National
	Regular
	2
	0
	1
	53.0
	32.0
	34.0
	8
	16

	M-043
	National
	Regular
	2
	0
	1
	62.0
	27.0
	44.0
	2
	13

	M-044
	National
	Regular
	2
	0
	1
	78.0
	27.0
	34.0
	5
	10

	M-045
	National
	Semifinal
	3
	0
	1
	72.0
	29.0
	35.0
	7
	18

	M-046
	National
	Final
	3
	0
	1
	58.0
	18.0
	44.0
	2
	20

	M-047
	National
	Regular
	2
	0
	1
	53.0
	37.0
	43.0
	3
	17

	M-048
	National
	Regular
	0
	2
	0
	84.0
	29.0
	32.0
	2
	18

	M-049
	South American
	Regular
	0
	3
	0
	65.0
	16.0
	20.0
	10
	21

	M-050
	South American
	Regular
	3
	2
	1
	70.0
	15.0
	41.0
	10
	29

	M-051
	South American
	Regular
	3
	0
	1
	78.0
	23.0
	43.0
	1
	13

	M-052
	South American
	Regular
	0
	3
	0
	61.0
	18.0
	28.0
	11
	13

	M-053
	South American
	Regular
	0
	3
	0
	65.0
	14.0
	32.0
	2
	17

	M-054
	South American
	Regular
	3
	0
	1
	79.0
	24.0
	43.0
	5
	22

	M-055
	South American
	5th–8th semifinal
	3
	0
	1
	74.0
	33.0
	38.0
	7
	21

	M-056
	South American
	5th–6th place
	0
	3
	0
	55.0
	21.0
	21.0
	4
	22

	M-057
	National
	Semifinal
	1
	2
	0
	60.0
	31.0
	39.0
	6
	18

	M-058
	National
	3rd–4th place
	2
	0
	1
	74.0
	19.0
	36.0
	1
	16


Note. Result was coded as 1 = win and 0 = loss. Percentage-based KPIs are shown as percentages. The table excludes player names, individual identifiers, and video-derived identifiable information. Matches are ordered according to the original chronological sequence of the competitive season. Blocking points and unforced errors are presented as raw full-match counts and may vary according to the number of sets played. For comparative analyses, blocking points per set and unforced errors per set were derived by dividing each raw match count by total sets played.



Table S4. Database quality-control audit log applied to the retrospective match-level technical–tactical database.
	Quality-control domain
	Procedure applied
	Audit outcome
	Final decision

	Initial database screening
	The complete match-level database provided by the coaching staff was reviewed before statistical analysis.
	The database included 58 official matches from the 2025 competitive season: 50 national tournament matches and 8 South American Club Championship matches.
	All 58 matches were retained for the analytical dataset.

	Competition-level classification
	Each match was classified according to competitive level: national tournaments or South American Club Championship.
	The classification was consistent with the study design and analytical grouping.
	Competition level was retained as a contextual grouping variable.

	Duplicate record screening
	Match records were checked for duplicate entries using tournament, match order, date, competition phase, and final outcome information.
	No duplicate match records were retained in the final analytical dataset.
	The database was considered free of duplicate match-level entries for analysis.

	Official result consistency
	Recorded match outcomes were checked against available official and team records.
	Final match outcomes were verified before analysis.
	Match outcome was coded as 1 = won and 0 = lost.

	Sets won/lost consistency
	The number of sets won and lost was checked against the final match outcome.
	The internal consistency between sets won/lost and match result was verified before database locking.
	Sets won and sets lost were retained as contextual descriptive variables.

	KPI plausibility checks
	Percentage-based KPIs were screened for impossible values outside the 0–100% range. Count-based KPIs were screened for negative or implausible values.
	Values outside the plausible range were not retained in the final locked dataset.
	Functional serve effectiveness, reception effectiveness, and direct attack effectiveness were treated as percentage-based KPIs; blocking points and unforced errors were treated as count-based KPIs.

	Missing-data screening
	Missing values were screened across the five main KPIs used in the descriptive, comparative, and exploratory logistic modeling analyses.

	Matches with unresolved missing information in the main analytical variables were not included in the locked analytical dataset.
	The final dataset used for analysis contained complete match-level information for the five main KPIs.

	Cross-verification of inconsistent KPI values
	When potential inconsistencies were identified, the main KPIs were cross-verified with available team records and match-related information.
	Values were reviewed before database locking.
	The final reviewed values were retained for statistical analysis.

	Data anonymization
	The dataset was reviewed to ensure that no player names, individual identifiers, or video-derived identifiable information were included.
	The final dataset was aggregated at match level and excluded individual player identifiers.
	The dataset was considered suitable for supplementary sharing in anonymized aggregated form.

	Final database lock
	After quality-control procedures, the database was locked before statistical analysis.
	The locked dataset contained 58 official matches and five main match-level KPIs.
	No further changes were made to the analytical dataset after database locking.


Note. KPI = key performance indicator. The quality-control process was applied to a retrospective match-level database generated through routine coaching-staff monitoring. These procedures strengthened internal consistency and traceability. In addition, interobserver and intraobserver agreement were formally assessed in a 20.7% subsample of matches, as described in the main manuscript. However, these procedures did not replace a complete independent recoding of all matches. Therefore, the dataset should be interpreted as an ecological and exploratory source of match-level evidence, and the exploratory univariable association analysis should be interpreted as retrospective post-match evidence, not as externally validated or pre-match predictive evidence.

Table S5. Observational reliability and video-verification summary.
	Procedure
	Subsample / scope
	Metric or criterion
	Result
	Interpretation

	Interobserver agreement
	12 matches, corresponding to 20.7% of the full sample
	Cohen’s kappa
	κ = 0.62
	Substantial agreement, interpreted with caution because it was located at the lower boundary of the range.

	Intraobserver agreement
	Same 12-match subsample, recoded after a three-week interval
	Cohen’s kappa
	κ = 0.80
	Substantial agreement.

	Video-verification correction
	Full match-record verification process
	Percentage of actions corrected after video review
	0.81%
	Low correction rate relative to live coding.

	Independent recoding coverage
	12 of 58 matches
	Percentage of sample independently checked
	20.7%
	Partial reliability assessment; does not replace full independent recoding.


Note. Cohen’s kappa was calculated for the action categories used to derive the aggregated match-level KPIs. The reliability procedures strengthened data traceability but should be interpreted as a partial assessment because not all matches were independently recoded.


[image: ]
Supplementary Figure S1. Match-by-match trajectories of key performance indicators across the 2025 national tournament season.
Note. This figure provides a descriptive longitudinal visualization of within-team KPI variability across national tournament matches. It should be interpreted as complementary ecological information and not as an additional inferential analysis. National match order refers to the chronological order of the 50 national tournament matches after filtering the complete 58-match dataset.
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