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Abstract
The aim of the study was to examine the effect of Newcomb ball (also known
by the name of catchball) training on the physical fitness of women at midlife.
One hundred and eighteen women, aged 29 - 45 yrs, were assigned to an experimental group (EG) or a control group (CG), and completed two similar
sets of tests before and after seven months of training. The EG performed two
Newcomb ball training sessions per week that included technical and tactical
drills with and without the ball, small sided games and full games at different
variations. The CG remained non-active throughout the seven months. Leg
power, arm power, agility, speed, and aerobic scores were significantly higher
for the EG compared to the CG at baseline (p < 0.001 for all). EG showed significant training-related improvement in arm power (5.3 ± 0.9 vs 5.6 ± 0.9
m), agility (10.68 ± 0.95 vs 10.37 ± 0.89 sec), speed (4.11 ± 0.45 vs 4.01 ± 0.33
sec), and aerobic fitness (563 ± 328 vs 680 ± 378 m) (ES = 0.45 – 0.61, p <
0.001 for all), while no significant changes, except for a significant increase in
arm power (ES = 0.42, p < 0.05), were found for the CG in any of the other
fitness variables. The findings indicate that amateur Newcomb ball training
can be used as an efficient and enjoyable tool for fitness development among
midlife women.
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1. Introduction
Newcomb ball (also known as Catchball in some countries) is a team ball game
played mostly by women, and is similar in its basic characteristics and rules to
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the game of volleyball [1] [2]. Although in both games, the player’s objective is
to deliver the ball over the net to the opposing team’s court, in Newcomb ball the
players are allowed to catch and hold the ball for one second, whereas in volleyball the players are only allowed to hit the ball. The court and net sizes, point
accumulation rules, number of players, and positions are identical in both
games.
Newcomb ball was first introduced in 1895 [3], but has never been officially
categorized as a competitive sport with a structured active league. In Israel,
however, during the last two decades a growing number of women at midlife
have joined together and established teams that meet on a weekly basis to practice Newcomb ball. Hence, it has formally become a registered sport that is now
played in an organized league setting. At present, the participants in the Israeli
Newcomb ball league are woman in the age range of 30 to 50 years, who in most
cases practice twice a week. These players are amateurs at best and are a long
way from the physical status and performance capabilities of typical trained female volleyball players [4] [5]. The growing activity of this sport among women
in this age range may be encouraging since the common fitness level is usually
low to moderate while the level of coronary heart disease risk factors is increasing in this population [6]. This is especially encouraging since previous studies
showed higher motivation for activity among females of team compared to individual sports [7]. In line with this, it was shown that several weeks of team sport
such as soccer practice in untrained women significantly improved aerobic fitness and other cardiovascular variables, more than in a comparable running
group and a non-active control group (age 20 - 47) [8]. It should also be emphasized that, in contrast to other team sports like soccer or basketball, no body
contact occurs between players in Newcomb ball. Obviously, this may reduce
possible injury risk and may offer a safer team sport activity for older untrained
population.
Previous studies have provided comprehensive data regarding the physical
profile of young female volleyball players [9] [10]. Some of these studies showed
that female volleyball players significantly improve various fitness variables following the use of relevant training methods [5] [11] [12]. However, to the best of
our knowledge, not a single study had investigated the physical capabilities of
Newcomb ball players or examined the effect of training on their physical fitness
level.
Therefore, the aim of the present study was to determine the effect of Newcomb ball training on the physical fitness of women at midlife in Israel. We hypothesized that two sessions per week of Newcomb ball training will induce improvement in different physical fitness components among these women.

2. Material and Methods
2.1. Participants
A total of 118 women (age range 29 - 45 yrs) volunteered to participate in the
DOI: 10.4236/health.2020.128071
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study. The participants were assigned to one of two different groups: 1) Experimental group (EG)—82 amateur Newcomb ball players, and 2) Control group
(CG)—36 non-active women. All the participants were healthy and did not use
medications or supplements of any kind. The EG included members of nine different teams (of the 12 league teams) from the women’s Newcomb ball league in
the center of Israel. Most players had training experience of three to five years
with their teams. These players practiced twice a week, or practiced one time and
played one time a week, during the Newcomb ball season. If any player missed
more than 20% of total practiced time, for any reason, she was dropped from the
analysis and was not part of the study. The CG included women who were not
involved in any individualized or organized physical activity, nor they were involved in any organized sport activity in the past. All the participants were informed of the study requirements, benefits, and risks before giving their written
informed consent. The study was approved by the institutional research ethics
committee.

2.2. Procedures
Figure 1 illustrates the time frame and the different stages of the study. During
the first two weeks of September, before the beginning of the Newcomb ball
training, the two groups—EG and CG—performed a pre-training series of physical and fitness testing procedures. During the summer months (June to August), prior to the pre-training testing procedures, both the EG and the CG participants did not perform any type of organized physical activity. Upon the completion of the pre-training testing for both groups, the EG started a period of
seven months of twice-a-week training and playing Newcomb ball. Each training
session lasted 75 to 90 min. Most sessions were conducted as follow: a warm-up
of 15 to 20 min that included slow running, stretching exercises, basic coordination drills such as skipping, vertical and horizontal jumping and hopping without the ball. Then after, about 25 to 30 min of technical and tactical drills with
the ball were performed. Lastly, the players performed 25 to 35 min of small
sided games (usually of 3 × 3), and/or full practice games. At least one of the investigators visited one of the practice sessions once every two weeks. The EG
participants did not perform any other sports activity. During this period, the
CG did not perform any physical activity other than their regular daily activities

EG = Experimental group.

Figure 1. Scheme of the time frame and the different stages of the study.
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at work and at home. After seven months of training both groups performed a
second set of post-training fitness testing, identical to the pre-training testing
procedure. Overall, the study lasted nine months.

2.3. Testing Protocol
Pre- and post-testing was conducted on two non-consecutive days using the
same protocol and under similar environmental conditions as in the training sessions. Two trials were given for each test, with two min of recovery in-between,
and the better result was recorded for each test. A period of 15 min separated the
different tests on each day. Running times were recorded using a photoelectric
cell timing system (Alge-Timing Electronic, Austria) with an accuracy of 0.001 s,
linked to a digital chronoscope. Given that the participants in both groups were
not familiar with the tests’ protocols and did not perform them before, a special
practice session (in some cases more than one session was required), of the different testing procedures, was performed before the pre-training testing.
On the first day of each testing set, participants performed the following three
tests:
Vertical jump—Leg power test: Jump height was measured using a vertical
countermovement jump (CMJ) technique with double-arm swing. The flight
time, measured by an Optojump (Optojump, Microgate, Bolzano, Italy), was
used to calculate the change in the height of the body’s center of gravity.
Sit and reach—Flexibility test: Participants sat with legs extended on the floor
and feet placed against a box with a yardstick attached to it. The participants extended their arms forward and the distance reached on the yardstick was recorded.
20 m sprint run—Speed test: A 20 m sprint run was used to evaluate the participants’ speed and acceleration ability. The participants self-started after assuming a standing ready position. Each participant performed the test individually.
On the second day, the participants performed the following three tests:
T-test—Agility test: Four cones were placed 5 m apart in a T shape [13]. Participants ran forward 5 m from the start line to the first cone, shuffled 5 m left to
the second cone, then shuffled 10 m to the right to the third cone, and then shuffled 5 m back left to the middle cone, before finally running back to the start line.
Overhead ball throws—Arm power test: Participants held a 2 kg medicine ball
in both hands behind the head with one leg in front. They were then asked to
throw the ball using arm movement only, without the use of a leg push [13].
The 20 m shuttle run—Aerobic power test: The test consisted of shuttle runs
at increasing speeds between two markers placed 20 m apart. A start speed of 8.5
km/hour was maintained for one min, and thereafter the speed was increased
every minute by 0.5 km/hour before the participant withdrew from the test [14].
Aerobic fitness was calculated as the number of laps or the total distance achieved
during the test.
A high test-retest reliability (0.80 - 0.95) for most of the different tests used in
DOI: 10.4236/health.2020.128071

946

Health

O. Ezra et al.

this study was described previously [13]. Pre- and post-training evaluation also
included body weight, height, resting heart rate (RHR), and systolic blood pressure (SBP). HR was also recorded during training, using a telemetry system
(T31, Polar, Electro, Finland). Standard calibrated scales and stadiometers were
used to determine body weight, height, and body mass index (BMI).

2.4. Statistical Analysis
The mean difference among the participants in the two experimental conditions
at the pre-intervention stage was calculated by an independent t-test. Repeated
measures ANOVA (2 groups × 2 test dates) analysis was used to follow changes
over time in fitness and physiological measurements. Post-hoc test was performed using Bonferroni adjustment for each measurement separately. Cohen’s
d-effect size (ES) was also performed to demonstrate the magnitude of the
training effect in each group. Cohen’s d < 0.30 was considered a low effect, 0.30 0.70 a moderate effect, and >0.70 a strong effect. Data are presented as mean ± s.
Significant level was set at p ≤ 0.05.

3. Results
Resting heart rate (68 ± 8.3 vs 73 ± 7.1 b/m) and resting systolic blood pressure
(RSBP) (113 ± 9.6 vs 119 ± 14.6 mm Hg) were significantly lower in the EG
compared to the CG at baseline (p < 0.05), respectively. In contrast, no baseline
differences were found in body weight or BMI between the groups (Table 1).
Post-Hoc teats for fitness components showed that leg power (CMJ) (29.0 ± 5.5
vs 21.3 ± 4.3 cm), arm power (BT) (5.3 ± 0.9 vs 4.2 ± 0.7 m), agility (TT) (10.68
± 0.95 vs 12.94 ± 2.0 sec), speed (20 m sprint) (4.11 ± 0.45 vs 4.45 ± 0.48 sec),
and aerobic scores (20m ST) (563 ± 328 vs 337 ± 171 m) were significantly higher for the EG compared to the CG at baseline (p < 0.001 for all), respectively
(Table 2).
No significant changes were found following training for either group in resting physical or physiological values, with the exception of a significant increase
in body weight for the CG (p < .05). EG showed significant improvement in BT
(5.3 ± 0.9 vs 5.6 ± 0.9 m), TT (10.68 ± 0.95 vs 10.37 ± 0.89 sec), 20 m sprint (4.11
± 0.45 vs 4.01 ± 0.33 sec), and 20 m ST (563 ± 328 vs 680 ± 378 m) (p < 0.001 for
Table 1. Physiological resting values of the two groups following training (mean ± STD).
Variable

Experimental group
Pre

Post

Control group
ES

Pre

Post

ES

Interaction
F(1,83)

Weight (kg)

65.5 ± 9.6 66.4 ± 8.9 0.25

64.5 ± 9.4 65.2 ± 10.0* 0.43

0.28

BMI (kg/m2)

23.4 ± 3.0

23.8 ± 3.0

0.03

24.0 ± 3.1

24.3 ± 3.2

0.11

0.02

RHR (b/m)

68 ± 8.3

70 ± 10.6

0.31

73 ± 7.1

75 ± 10.2

0.25

0

RSBP (mm Hg)

113 ± 9.6

116 ± 10.9 0.38 119 ± 14.6

117 ± 15.2

0.46

15.19*

Notes: ES = effect size; BMI = body mass index; RHR = resting heart rate; RSBP = resting systolic blood
pressure. *p < 0.05 for within group changes.
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Table 2. Fitness changes in the two groups following training (mean ± STD).
Experimental group

Variable

Control group

Pre

Post

ES

Pre

Post

ES

CMJ (cm)

29.0 ± 5.5

29.8 ± 6.1

0.25

21.9 ± 4.9

21.3 ± 4.3

0.17

BT (m)

5.3 ± 0.9

5.6 ± 0.9**

0.54

4.2 ± 0.7

4.4 ± 0.7*

0.42

TT (sec)

10.68 ± 0.95

10.37 ± 0.89**

0.45

12.94 ± 2.0

12.76 ± 1.49

0.16

SR (cm)

48.8 ± 8.9

49.6 ± 9.4

0.21

47.2 ± 10.2

45.8 ± 7.7

0.23

20 m sprint (sec)

4.11 ± 0.45

4.01 ± 0.33**

0.45

4.45 ± 0.48

4.51 ± 0.49

0.26

20 m ST (m)

563 ± 328

680 ± 378**

0.61

344 ± 167

337 ± 171

0.06

Note: ES = effect size; CMJ = counter movement jump; BT = ball throw; TT = t-test; SR = sit and reach; 20
m ST = 20 m shuttle run test. *p < 0.05 for within-group changes; **p < 0.001 for within-group changes.

all), respectively, following training (Table 2). An interaction (F(1,78) = 10.29, p =
0.002) with significant main effect was found for the 20 m ST (F(1,78) = 8.13, p =
0.006 for time, and F(1,78) = 17.45, p < 0.001 for group). An interaction (F(1,78) =
4.11, p = 0.046) with no main affect was found for the SR. A group main effect
(F(1,80) = 24.19, p < 0.001) and interaction (F(1,80) = 9.25, p = 0.003) was found for
the 20 m sprint results. No significant changes were found for the CG in any of
the fitness variables between pre- and post-training testing, with the exception of
a significant decrease in BT (p < 0.05). Average HR during training for the EG
was 134 ± 19 b/m (range: 109-175).

4. Discussion
The main finding of the present study was that seven months of Newcomb ball
training induced significant improvement in a variety of fitness variables—aerobic,
anaerobic, and motoric—among female amateur players in the age range of 29 45. Given that no previous study had examined the effect of Newcomb ball
training, and considering the relatively low physical fitness of typical women at
this age range [15], the present findings are encouraging and may suggest an
approachable and convenient way to improve fitness among this unique population. Moreover, the higher baseline fitness scores of the EG over the CG in the
present study confirmed that EG participants were more physically fit, even after
several weeks without training during the summer period. This may demonstrate a long-term effect of Newcomb ball training, particularly when considering that most of the participants had played for several years. This may also be
supported by the significantly lower health-related physiological variables—RHR
and RSBP—that were found in the EG compared to the CG. However, it is possible that only the physiologically superior and naturally more talented women
join Newcomb ball training, whereas women with low fitness level avoid participation in this sport. A superior fitness level was also found for trained volleyball
players after several weeks of a passive off-season period compared to non-athletes
of the same age [2].
DOI: 10.4236/health.2020.128071
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The significant improvement in physical fitness in the EG that was found following training may demonstrate the beneficial effect of Newcomb ball training
on amateur women players at midlife. Moreover, the effectiveness of training
was also evidenced in the present study by the diverse effect on a wide spectrum
of fitness components—aerobic, anaerobic, and motoric (Table 2). While no
changes were seen in any of the CG participants, significant improvements were
found in arm power, agility, speed, and aerobic fitness in the EG. The diversity
in fitness improvements among the EG probably reflects the nature of the Newcomb ball game. Specifically, for successful performance, Newcomb ball players
are required to have arm strength in order to throw the ball powerfully over the
net to the opposing team zone. Speed and agility are also required for moving
around quickly and for catching the ball before it hits the ground. Endurance
may be beneficial for continuous activity and for recovering from previous sudden effort bursts mainly towards the end of the game. Indeed, as previously described, the training program of the EG in the present study followed these requirements. Although no other scientific data is available on Newcomb ball
training, the significant and diverse effects of training on female players has been
documented previously in other team sports. For example, trained volleyball
players demonstrated a significantly superior fitness level in variables such as leg
power, upper body muscle endurance, flexibility, and aerobic fitness, over
non-active participants of the same age [2]. Similar varied training effects were
also found in different fitness variables for amateur female soccer players following 16 weeks of twice-a-week training, compared to baseline scores [16]. The
heterogeneous effect of team sport training becomes noticeable especially when
placed against the single effect of conventional physical activities that focus on
only one specific fitness component. For example, jogging or a systematic
long-distance running training program is likely to improve the cardiovascular
system and aerobic fitness of the trainees, but not anaerobic or specific motoric
capabilities. In contrast, resistance training programs or systematic weight lifting
usually strengthen the activated muscle groups, but do not improve aerobic fitness [17]. It should be noted that the numerous and diverse effects of Newcomb
ball training on these women may result from the fact that the baseline fitness
level in this unique population is usually low or moderate at best [6]. Therefore,
as demonstrated in the present study, even as few as two training sessions per
week were sufficient to induce significant physiological and performance
changes. Surprisingly, no significant changes in leg power and flexibility were
found among the EG following training. However, baseline leg power (CMJ test
results) was significantly greater in the EG compared to the CG. It is possible
that the baseline differences reflect chronic training effects that remained superior among the EG during the summer break. Power and jumping capabilities
were previously shown to be effectively maintained during the entire season in
trained women volleyball players, although resistance training was performed
only during eight weeks of the pre-season period [10]. It may also be argued that
DOI: 10.4236/health.2020.128071
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the legs, more than other body parts, remain relatively active during the
off-season period in order to perform regular daily activities, therefore maintaining their power fairly well. It is possible, however, that only women with relatively strong legs tend to join and maintain Newcomb training, and more intense training is required for further improvement.
Although the positive changes in fitness variables such as power, speed, and
agility are certainly of value, the significant improvement in aerobic fitness in
the present study may be considered the most encouraging finding for women at
midlife. Improvement in aerobic fitness may be particularly important, since this
fitness variable is highly related to general health status (particularly to the cardiovascular system) [18] [19] [20], and not just to the trainee`s athletic capabilities. Previous studies have reported continuous sub-maximal training as an effective type of training for enhancement of the cardiovascular system and aerobic fitness among middle-aged participants [21] [22] [23]. However, the monotonous nature of continuous sub-maximal activity may discourage trainees from
adhering to this type of training for prolonged time. In line with this, a higher
motivation and enthusiasm following team compared to individual sports training was reported among adolescent females [7]. Significant improvements in
aerobic fitness and cardiovascular-related parameters were previously found
following team-sport training. A later study [8] demonstrated that 16 weeks of
two recreational football practices per week in untrained women significantly
improved aerobic fitness and other cardiovascular variables, more than in a
comparable running group and a non-active control group (age 20 - 47). Therefore, together with fact that in contrast to other team sport games no body contact occurs between players in Newcomb ball, the present study’s findings may
offer this game as an effective and perhaps safer and more enjoyable alternative
for cardiovascular and aerobic improvement among women at midlife.
An obvious limitation of the present study was that, given the large number of
participant and teams, we could not follow and directly supervised individuals’
daily behavior throughout the seven months of training. Consequently, we only
rely on the EG players report of not doing any physical activity other than the
Newcomb ball training, and the CG report of not doing any physical activity
other than daily activities at work and at home. In addition, no specific instructions and recommendations were given to the participants about their nutrition
habits and each of them was free to eat as she wanted. The study could also benefit from intermediate fitness measurements displaying midpoint changes (after
3 - 4 months), and in particularly from repeated fitness measurements after the
following summer vacation to quantify possible detraining effects. Unfortunately, such procedure was not possible to execute due to logistical difficulties,
mostly teams and players’ unavailability.

5. Conclusions
The present study demonstrated that several months of twice-a-week Newcomb
DOI: 10.4236/health.2020.128071
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ball training induced a significant improvement in physical fitness among amateur female players at midlife. These changes were observed in aerobic, anaerobic, and motoric fitness variables, emphasizing the efficiency of the training and
its diverse effects. The significant positive influence of Newcomb ball training on
aerobic fitness is of particular importance, considering its association with general health status.
Given that conventional methods for aerobic fitness development, which
usually involve continuous sub-maximal activity, may be boring to some people,
Newcomb ball may represent a fun, relatively easy-to-execute and safe way to
develop and maintain physical fitness among women at midlife. Nevertheless, in
order to prevent possible injuries, it is recommended that training will be carried
out carefully and in a gradual manner that will be suitable for such untrained
population. In addition, it is also possible that for women with very low baseline
fitness level, even this relatively mild intensity type of sport, is not applicable and
other modalities should be used to encourage these women to increase their
physical activity. Future studies may also evaluate the psychological, emotional,
and sociological effects of Newcomb ball training among women at midlife.
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