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Purpose: The study aimed to conduct a comparative analysis of physical performance indicators and assess the levels of
performance monotony and strain experienced by basketball referees. Methods: The study involved the participation of 12
basketball referees (mean age: 40.0 [4.9] y) affiliated with the International Basketball Federation. The investigation was carried
out throughout 2 density tournaments, wherein the maximum heart rate, average heart rate, performance monotony, and
performance strain were documented for 3 variables. Results: The findings indicated significant variations in the mean heart rate,
maximum heart rate, total distance monotony, total distance strain, the total number of sprints monotony, the total number of
sprints strain, calories monotony, and calories strain (P < .05). Decreasing the density of elite-level basketball competitions has
been observed to reduce the monotony and strain experienced by referees. However, this action does not increase motion distance
or speed zones. Conclusions: The environmental stressors experienced by senior-level athletes (World Cup) differ from those
encountered by younger athletes (World Cup Under 19). Further investigation is required to ascertain the potential effects of
competition monotony and strain on decision-making processes and the overall quality of refereeing.
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The professionalization of sports refereeing has led to an
increasing demand for a similar approach to that of professional
athletes.1 In order to maintain the standard of the competition, it is
imperative that referees consistently maintain their physical fitness
and enhance their psychological and technical–tactical proficien-
cies.2 Moreover, in various sports,3 including basketball, the
judgment of the referee is impacted by the ideal position, which
is ascertained through physical motion on the court.4 The physical
performance of basketball referees has garnered scientific interest
as a means to enhance the overall quality of the basketball game.5

Multiple approaches can be employed to conduct performance
analysis in refereeing. Nevertheless, wearable tracking technolo-
gies have emerged as a crucial instrument for objectively measur-
ing the workload during the match.6 The available research on the
workload of basketball referees has mainly focused on investigat-
ing cardiovascular demands,7,8 activity profiles,9,10 and energy
expenditure (EE) during the game.11 Several research studies have
indicated that basketball referees typically exhibit heart-rate (HR)
levels ranging from 70% to 80% of their maximum HR (HRmax)
during gameplay.8,12,13 Previous studies have found no significant
difference in HR variability throughout the entire duration of the
game and during various time intervals within the match.14,15
According to Nabli et al,16 the HR-monitoring data indicated that
a basketball referee exhibited considerable levels of aerobic energy
generation during the game and intervals characterized by anaero-
bic energy conversion. According to Leicht’s study in 2007, there

was a notable discrepancy in aerobic power between elite basket-
ball referees and the general population.

According to Borin et al,17 time–motion analysis indicates that
basketball referees cover approximately 1200 m per quarter, with
around 60% to 70% of the distance being attributed to walking,
about 2% to sprinting, and the remaining distance being attributed
to jogging, or running. According to a study conducted by García-
Santos et al. (2019), the referee’s maximum speed was approxi-
mately 19 km per hour during transitional movements or sprint
actions. Borin et al17 discovered that the extent to which basketball
referees cover the distance is contingent upon the stages of the
competition. Additionally, Leicht18 observed that subelite basket-
ball referees encounter activity demands that are significantly less
than those of players in the same game.

The majority of research has exhibited a disproportionate
emphasis on the analysis of internal and external load data while
concurrently disregarding other variables that may constrain the
physical capabilities of referees. The frequency of officiating
during a tournament appears to be a crucial variable in workload
assessment, particularly when referees are assigned varying match
durations. The density of games pertains to the correlation between
the configuration of gameplay and recovery, which could poten-
tially result in a reduction of the referees’ skills. The evaluation of
performance ought to encompass not only the quantification of
workload but also the investigation of whether the tournament’s
density impacts the variability of ability.

A workload study could offer referees opportunities for recu-
peration and mitigate the risk of excessive strain.19 This is because
such strain may significantly affect both physical and mental
exhaustion among referees.20 The phenomenon of mental fatigue
is characterized by alterations in the psychobiological state that
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arise from prolonged periods of strenuous activity.21 This condition
has been found to have a detrimental effect on sport-specific
psychomotor performance22 and endurance performance in healthy
athletes.20 In their recent study, Pizzera et al23 observed that
referees experienced more significant physical fatigue under phys-
ical and psychological stress, which had a detrimental impact on
their decision-making abilities compared to the resting condition.
The fluctuation in workload, intrabrief and interbrief tournaments,
can significantly aid referees in avoiding performance monotony
while carrying out in-game duties. Furthermore, through the
utilization of suitable monitoring techniques, it is possible to
identify daily variations in conditions24 and the immediate load
(total load over a week) that referees experience during different
high-density competitions.25

The monitoring of overtraining syndrome used information on
training monotony and strain.26 The daily mean load divided by the
SD, which may be estimated over a week or macrocycle, is how
monotony is calculated. The result of a person’s weekly training
load and training monotony is their level of strain.26 Higher training
strain suggests greater acute loads imposed with slight within-week
variations, and higher training monotony scores present greater
acute loads imposed with low mean SDs.27 Practitioners can
ascertain the degree to which recovery may be insufficient by
tracking load, monotony, and strain over time. The athletes’
performance declined, and they displayed symptoms of tiredness
when the resting days were less relaxing, and the monotony of the
training increased.28 The number of participating teams, the format
of the play, and the length of the International Basketball Federa-
tion (FIBA) World Cup (WC) events vary. However, it is unclear
whether the physical performance of referees depends solely on the
number of games scheduled or how frequently they occur. No
studies have been done on performance monotony and perfor-
mance strain in top-level referees at various tournament densities.
Such studies should advance our knowledge of the dynamics of the
burden faced by professional referees in different tournament
densities. Furthermore, it will be possible to learn more about the
requirements of various density tournaments from the fluctuation in
load and the amount of performance monotony and strain that can
rely on internal and external factors.25 Therefore, the 2 goals of this
study were to compare the external and internal physical perfor-
mance indicators of the referees in these competitions, which were
of different densities, and to evaluate performance monotony and
strain among basketball referees during the FIBA WC and FIBA
U-19 WC (WC-U19) competition. The WC-U19 features phases
of higher competition density with some games scheduled con-
secutively, while the WC maintains a more evenly distributed
game schedule with regular rest days, indicating a lower overall
competition density (Figure 1). We hypothesized that a lower
density tournament would allow for more significant intensity
indicators during play since there would be less performance and
overall load stress fluctuation.

Methods
Participants
Twelve basketball referees from the FIBA participated in this study
(age: 40.0 [4.9] y, height: 185.3 [4.6] cm, weight: 91.0 [6.2] kg,
body fat 22.4% [3.2%], body mass index 26.3 [1.4], referring
experience: 19.2 [3.1] y). Male participants from the FIBA regions
of Europe, Asia, Oceania, and America made up the whole court.
The maximum (n − 7) games officiated in the two 2019 FIBA WC

championships (WC and WC-U19) served as the inclusion crite-
rion. Before providing their informed agreement to participate, the
referees were thoroughly told about the experimental methods and
any potential discomforts connected with the study. Furthermore,
every method used in the study was authorized by FIBA, approved
prior to start of studyby the University of Extremadura’s Ethical
Committee (no17/2017), and in compliance with the Declaration of
Helsinki.

Design
The research employed a descriptive, observational methodology to
examine the external and internal physical performances exhibited
by basketball referees participating in the FIBA WC and FIBA
U-19WC (WC-U19) competitions. The data collection process was
executed across WC and WC-U19 competitions. Furthermore, the
investigation calculated the indices of performance monotony,26
denoting the fluctuations in workload during a competition, and
performance strain,26 representing the outcome of both monotony
and acute load, for 3 parameters: total distance (TD), EE, and total
count of sprints (TS). Monotony is calculated as daily mean load
divided by daily SD. Strain is calculated as total weekly load
multiplied by monotony. Finally, following the research objectives,
this study presents the external load calculations for each measure
and referee across 2 density basketball tournaments.

Methodology
Seven WC games and 7 WC-U19games were among the 14
international games in which all 12 referees were evaluated. There
was a 2-month hiatus between the 2 competitions in 2019. The WC
was played over 13 days, with 1 day off between each game for the
officials. The referees worked for 2 days, took a day off, worked for
2 more days, took a day off, and then worked for 3 straight days
during the 9-day WC (19; Figure 1). Throughout the games, each
referee utilized a The Polar Team Pro System (Polar Electro OY)
device. The FIBA Referee Department recommended the normal
on-court warm-up, off-court static and dynamic stretching, and
postmatch recovery techniques that the officials followed before
each game.

The study recorded the HRmax and average HR values
achieved by each official during the game. In addition, the study
computed the measures of performance monotony,26 which refers
to the variation in load within a tournament, and performance
strain,26 which is the product of monotony and acute load, for 3
variables: TD, EE, and TS. Following the research objectives, this
study presents the external load calculations for each measure and
referee across 2 density basketball tournaments.

External-Load Data Collection

The Polar Team Pro System (Polar Electro OY) unit was used by all
referees consistently throughout both tournaments. The device
comprised a combination of various sensors, including a 10-Hz
GPS, accelerometer, gyroscope, and digital compass, all capable of
sampling at a rate of 200 Hz. Additionally, the device was equipped
with proprietary software that determined velocity and distance
within indoor environments. The devices mentioned above utilized
non-GPS sensors and proprietary algorithms developed by the
manufacturer to determine speed and distance traveled. This feature
renders the sensors appropriate for indoor environments, as it
facilitates the effective processing and analysis of external work-
load data, as noted by Fox et al.29 According to Huggins et al,30 the
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Polar Team Pro System demonstrated reliability in measuring
locomotory activities such as velocity and distance in outdoor
settings. As per the guidelines provided by the manufacturer, every
referee donned a sensor affixed to an elastic strap situated on the
lower sternum. Clemente et al31 employed a uniform sensor across
all referees to reduce interdevice variability. The sensor was
initiated within the locker room 20 minutes before the commence-
ment of the game and was utilized for 5 minutes following the

game. The recordings encompassed both passive and active periods
of the prematch and postmatch time, in addition to the actual
playing time, including relevant match stoppages such as free
throws, time-outs, and fouls, and violation calls.32 The complete
match recording was transferred to a local computer through the
interface provided by the manufacturer and an online solution
known as the Polar Team Pro System to conduct subsequent
analyses. According to Suárez Iglesias et al,33 a session is the

Figure 1 — Game density during WC and WC-U19. TD indicates total distance; WC, world championship; WC-U19, WC under 19 years of age;
NS, number of sprints; ee, energy expenditure.
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complete recording of activities that commence with the warm-up,
encompass the entire match, and conclude with postmatch recovery
procedures.

The metrics about external load, namely TD expressed in
meters, EE expressed in kilocalories, and TS expressed in frequen-
cies, were gathered. The determination of speed zones was based
on the locomotive categories already in place, as outlined by
Cunniffe et al.34 The study determined the distances traveled in
different speed zones, namely speed zone 1 (3.00–6.99 km/h − 1;
DC 1), speed zone 2 (7.00–10.99 km/h − 1; DC 2), speed zone 3
(11.00–14.99 km/h − 1; DC 3), speed zone 4 (15.00–18.99 km/
h − 1; DC 4), and speed zone 5 (>19.00 km/h − 1).

Calculations of Referee’s Performance Workload

The following variables were computed using the methods of TD,
TS, and EE: The performance monotony metric refers to the
average of the performance load, which includes TD, TS, and
EE, throughout the tournament, divided by the tournament’s SD of
the performance load. The calculation of the total performance
loads (TD, TS, and EE) for all games officiated during the
tournament is multiplied by PM, as outlined in the works of
Clemente et al31 and Nobari et al.35 The 2 tournaments exhibited
variations in terms of their respective durations and how the
nominations for refereeing were organized. Therefore, the compu-
tation of performance monotony and performance strain involved
assigning a 0 value to the Day Offload.

Statistical Analysis
Table 1 presents a descriptive analysis, where the data are dis-
played as means with corresponding SDs. The verification of
normality and sphericity assumptions preceded the utilization of
parametrical statistical procedures. The statistical analysis em-
ployed in this study involved the utilization of the paired student’s
t test in comparing tournaments. Additionally, Cohen d was

computed as the effect size (ES) measure. The predetermined
alpha level for all statistical tests was α = .05, and the computations
were conducted utilizing IBM SPSS Statistics for Windows
(version 24.0). The established benchmarks for ES statistics were
as follows: <0.2, considered trivial; <0.6, classified as small;
<1.20, categorized as moderate; <2.0, deemed large; and >2.0,
characterized as very large. The statistical calculations were
performed using a dedicated postonly crossover spreadsheet for
every group.36

Results
Table 1 displays the results of the game density for both tourna-
ments. The following performance variables showed differences
between the WC and WC U-19 events; average HR (P = .0092,
ES = 0.594); HRmax (P = .0034, ES = 0.763), monotony TD
(P = .0006, ES = −32.2), strain TD (P = .0006, ES = −6.2), monot-
ony TS (P = .0006, ES = −2.43), strain TS (P = .0014, ES =
−0.669), monotony calories (P = .0, ES = −14.5), and strain calo-
ries (P = .0, ES = −2.54; Figures 2 and 3). In opposition, the
comparison between both tournaments presented no significant
effect on TD, TS, calories, distance in sprint zone 1, distance in
sprint zone 2, distance in sprint zone 3, distance in sprint zone 4,
and distance in sprint zone 5 (P > .05, no effect).

Discussion
Our study sought to determine how basketball referee workload
fluctuated and to compare it among tournaments of various densi-
ties. The results of this investigation only partially support our
claim. However, the lower density competition did not enhance the
volume of the overall distance or the distance in different speed
zones. Instead, it considerably reduced performance monotony and
strain. In contrast to what we predicted, WC had fewer sprints but a
more significant HR response and higher energy consumption.

Table 1 Descriptive Analysis of External-Load Variables According Both Tournaments.

Variables WC-U19 WC P ES

HRavg, beats·min–1 114.25 (9.87) 120.83 (12.18) .0092a 0.594
HRmax, beats·min–1 162.50 (10.04) 170.83 (11.75) .0034a 0.763
TD, m 33,348.17 (2832.94) 33,132.17 (2794.42) .712 −0.0768
Monotony TD, a.u. 1.74 (0.02) 1.02 (0.02) .0006a −32.2
Strain TD, a.u. 58,005.58 (4630.16) 33,906.00 (2968.54) .0006a −6.2
NS 169.25 (125.50) 147.08 (93.61) .0944 −0.2
Monotony NS, a.u. 1.37 (0.25) 0.92 (0.07) .0006a −2.43
Strain NS, a.u. 249.57 (209.18) 140.37 (98.03) .0014a −0.669
EE, kcal 13,553.58 (2499.67) 14,195.92 (3046.70) .068 0.302
Monotony EE, a.u. 1.70 (0.04) 0.93 (0.06) .0001a −14.5
Strain EE, a.u. 22,801.75 (4406.31) 13,176.00 (3053.57) .0001a −2.54
Distance in SZ1, m 2257.58 (306.20) 2360.09 (178.92) .121 0.409
Distance in SZ2, m 834.42 (200.50) 778.22 (92.85) .295 −0.36
Distance in SZ3, m 687.92 (70.95) 688.42 (88.81) .972 0.00625
Distance in SZ4, m 456.58 (88.81) 460.49 (93.58) .928 0.0302
Distance in SZ5, m 225.58 (179.19) 198.21 (118.43) .448 −0.18

Note: The values expressed as mean and SD both in WC-U19 and in WC. Abbreviations: avg, average; a.u., arbitrary units; EE, energy expenditure; ES, effect size; HR,
heart rate; max, maximum; NS, number of sprints; P, between group-subject effect; SZ = speed zone; TD, total distance; U19, under-19; WC, world championship.
aSignificant differences between conditions.
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This study represents a novel contribution to the literature, as it
is the first known investigation into the workload fluctuations
experienced by basketball referees. The study employs established
scientific concepts of monotony and strain to analyze threshold
levels. The observed values of TD, NS, and EE during both theWC
and the WC-U19 tournaments diverged significantly from our
anticipated outcomes for events of varying density. Therefore, the

precise threshold for monotony referees should tolerate remains to
be determined. It is not feasible to compare the monotony and strain
experienced by referees and other individuals in sports, as each
sport has unique characteristics encompassing factors such as the
energy system, muscle group, and skill training.37 According to
Leicht et al,18 it has been established that subelite basketball
referees undergo an absolute external load during the match that

Figure 2 — The paired Cohen d between WC-U19 and WC. EE indicates energy expenditure; NS, number of sprints; TD, total distance; U19, under-
19; WC, world championship.
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is approximately 40% lower than that of basketball players. The
study revealed that the referees’mean threshold distance during the
2019WCwas 1.74 (0.02), whereas, during the previousWC, it was
1.02 (0.02) AU. The monotony TS of the referees during the 2019
WC was 1.37 (0.25), while during the WC, it was 1.02 (0.02). The
main distinction between competitions may be seen in monotony

energy expenditure. The monotony of the EE in WC-U19 was
recorded at 1.7 (0.04), whereas in WC, it exhibited a decrease to
0.9 (0.06) AU.

Compared with WC-U19, the TD, NS, and EE strain dramati-
cally decreased during the WC. The study conducted by Foster
et al28 demonstrated that a reduction in the restfulness of recovery

Figure 3 — The paired Cohen d betweenWC-U19 andWC. avg indicates average; HR, heart rate; max, maximum; SZ, speed zone; TD, total distance;
U19, under-19; WC, world championship.
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days and an increase in the monotony of training resulted in a
decline in athletes’ running performance and the manifestation of
overtraining symptoms. According to Thornton et al,38 surpassing
the threshold for training strain in a cohort of athletes was
associated with a heightened incidence of illness. Given the
disparate mean threshold distance and strain total distance out-
comes of the 2 tournaments, there is no statistically significant
variation in TD (33,348.17 [2832.9] m and 33,132.17 [2794.4] m).
The findings of the TD are consistent with prior research conducted
by Nabli et al.12 According to Borin et al,17 the examination of the
Brazilian and Slovenian leagues reveals that referees traverse a
distance of 4020 m and 5291 m, respectively, throughout a game.
Similarly, García-Santos et al9 report that referees cover approxi-
mately 4330 m during the U-16 European Women’s Champion-
ship. It has been established that the degree of competition can
impact the physical activity of the referee. The distance traveled by
the Brazilian basketball referees in the qualification phase was
substantially shorter than that in the semifinal and final stages
(P = .05).17

The findings of our study indicate that the variation in tourna-
ment density did not significantly impact the TD of the game.
Nonetheless, certain discrepancies exist betweenWC andWC-U19
in the DC 1 and DC 2 regarding low-intensity running and jogging
activities. The primary physical efforts observed during games are
of a low to moderate intensity, characterized by velocities below
10.11 km per hour, and constitute roughly 88% of the overall
duration. However, high-intensity activities are primarily utilized
to measure physical performance.39 The high-intensity thresholds
for basketball refereeing fall from 14.83 to 18.72 km per hour.16 It
has been observed that there are no discernible differences between
the 2 tournaments, WC and WC-U19, in the intensity zones of DC
4 and DC 5. Referee activity profiles have been utilized to
comprehend possible fatigue during play in tournaments with a
more rigorous match schedule. Changes in the high-intensity
activity profile may indicate accumulating referee fatigue.40 Com-
pared with the first half of the game, U-19 basketball referees spent
significantly more time in the low-intensity zone, such as walking
and standing, according to Nabli et al.16 According to Reilly and
Gregson,41 this ruling may be related to the game’s decreased speed
and the players’ corresponding decrease in work rate.

The present investigation revealed a notable difference in TS
across tournaments, with a lower value recorded in the WC than in
the WC-U19. The observed phenomenon cannot be attributed to
the reduced stress and repetitiveness characterizing the tournament.
The referees were allowed to recuperate and adequately condition
themselves for the matches. The pace of the basketball game during
WC-U19 may have contributed to the increased frequency of
sprints by referees.

The findings of this investigation indicate that the caloric
energy intake of referees was significantly greater (P = .04) in a
tournament with a lower density compared with one with a higher
density. The WC tournament, characterized by a relatively smaller
number of matches, featured teams predominantly comprising
senior players. This composition of teams implies a potentially
heightened psychological influence on the referees, which, in turn,
may manifest in discernibly elevated internal load indicators
among the referees. Empirical research conducted previously has
underscored the significance of various factors, including instances
of verbal abuse directed at referees by coaches and players, the
pressure exerted by spectators, and the referees’ perceived stress
levels, as influential contributors to the increased workload expe-
rienced by referees during matches.5 In addition, prior research has

examined diminished executive function during gameplay, partic-
ularly in the final quarter of the match.15 Our study’s findings
indicate that no significant variations were observed in the TD
decrement in TS during tournaments in WC, as well as the increase
in EE. This controversial outcome could be ascribed to the notable
elevation of HRmax and average HR observed during the workout.
Furthermore, previous research has reported the utilization of HR
in combination with regression equations to establish the correla-
tion between HR and oxygen uptake, which is obtained from
laboratory assessments, to approximate EE.16 Although exercise
intensity may vary during gameplay, the mean HR during a game
can reasonably approximate the energy expended.42 The correla-
tion between HR variability and enduring emotional stress was first
observed in the research conducted by Sloan et al.43 However, this
relationship was unrelated to age, gender, trait anxiety, and
cardiorespiratory fitness.44 Referees are constantly exposed to
psychological stress during the games,5 and about 5% of the
situations that arise in a game cause high levels of stress, while
the normal development of a game presents low or medium
values.45,46 However, no correlations were found between the
years of officiating experience and the factor of influence of
individual players, teams, and spectators.47 Significant events
during a competition, such as the analysis of moves on instant
replay or instances of physical or verbal abuse resulting in dis-
qualification or technical fouls for players or coaches, are associ-
ated with elevated stress levels.5 The WC competition garners a
larger audience in physical arenas, boasts a greater number of
broadcasts, and holds a higher level of prestige among players and
coaches compared with the WC 2019. In competitions of an
elevated level, referees bear a significant responsibility and fre-
quently experience pressure when making decisions that hold
considerable weight in determining the outcome of the game.48
In addition, referees’ duties encompass overseeing players and
coaches, upholding and implementing the sport’s regulations, and
collaborating with fellow officials.49 Previous research has re-
vealed that sports referees often experience elevated levels of
perceived stress due to the high-pressure nature of their work
environment.50 The absence of discernible dissimilarities in exter-
nal load indicators, such as TD and TS, about physical performance
suggests that HR fluctuations observed in varying-density tourna-
ments may be attributed to environmental stress. Further investi-
gation is warranted in this regard. It is imperative to ascertain and
delineate the diverse stress-inducing circumstances encountered by
referees across various competition tiers and evaluate their impact
on human resources and other organizational functions.

While this study furnishes both practical and scientific evi-
dence concerning the external and internal physical performance
indicators of referees in competitions characterized by varying
densities, it is imperative to acknowledge certain limitations. The
principal constraints of this study revolve around the relatively
brief duration of high-level tournaments and the restricted pool of
referees available for nomination in the context of a greater number
of matches across diverse density tournaments, thereby impacting
their inclusion in this research. Additionally, the computation of
intraindividual variation remains unattainable for monotony and
strain. These variables are delineated for each participant who
presided over an identical quantity of matches, albeit in tourna-
ments characterized by disparate durations. Consequently, a soli-
tary individual parameter is ascribed to each participant for the
entirety of the tournament. The main strength of this study lies in its
pioneering role as the inaugural investigation delving into the
fluctuation of workload encountered by basketball referees.

Referees’ Physical Performance 7

(Ahead of Print)



Practical Applications
The physical performances, both external and internal, demon-
strated by basketball referees are subject to variation based on the
characteristics of the players involved. Therefore, coaches should
tailor their training sessions based on the proficiency level of their
players. Additionally, coaches should prioritize implementing
recovery strategies specifically targeted toward the distribution
of games throughout the tournament. Consequently, coaches may
make informed decisions when designing training sessions by
considering the referees’ performances during tournaments. New
research is needed to understand whether competition monotony
and strain impact decision making and quality of refereeing.

Conclusions
Our initial hypothesis suggested that lower-density tournaments
would yield more pronounced intensity indicators owing to dimin-
ished fluctuations in performance and overall load stress. While our
study partially supported this hypothesis, several unexpected find-
ings emerged. Specifically, our investigation determined that the
density of basketball tournaments did not exert a significant
influence on the total distance covered by referees. Nevertheless,
it did exert a discernible impact on their physical performance and
stress levels. The higher-density tournament was associated with
reduced monotony and strain; however, it exhibited an increased
heart-rate response and greater energy consumption. This under-
scores the intricate interplay between tournament conditions, ref-
eree workload, and physiological responses.
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SJ. Internal and external demands in basketball referees during the
U-16 European Women’s Championship. Int J Environ Res Public
Health. 2019;16(18):3421. PubMed ID: 31540097 doi:10.3390/
ijerph16183421

10. Leicht AS, Connor J, Conduit N, Vaquera A, Gómez MA. Impact of
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