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The influence of exercises with a temporal structure

of movements on the development of coordination abilities
in primary school children
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Saint Petersburg State Pediatric Medical University, Saint Petersburg, Russia

ABSTRACT

Background. During the period of primary school age, there is a peak in the development of coordination abilities. The development
and implementation of new exercise programs, the use of specialized devices and innovative methods is an urgent task for further
improvement of coordination.

Aim. The aim is to evaluate the impact of exercises with a temporal structure of movements on the components of coordination abilities
in primary school children.

Materials and methods. The participants of the experiment were children of primary school age (8-9 years old). The experiment
consisted of two stages: a four-week one (classes were conducted according to the standard curriculum) and a six-week one, where
participants performed a developed program of exercises with a time-based structure of movements on a coordination ladder.
The organization of the two stages of the study included classes lasting 30 minutes with a frequency of 3 times a week. Two-time
testing (T) was performed at the beginning (T1) and the end (T2) of the second stage. The following tests were used: “Shuttle running:
3x10 m”, “Tandem walking”, “Walking backwards”, “Sensitized Romberg test”. To determine the statistical significance of the differences
between the indicators, the Student’s t-test was chosen. The results were considered statistically significant at p <0.01.

Results. Positive dynamics was revealed in all tests. A general and differentiated assessment of the results was carried out.
The difference between the averages was: The test “Shuttle running: 3x10 m, s”, T1 — 11.840.5 and T2 — 10.1+0.1 amounted to
13.4%; “Tandem walking, cm/s”, T1 — 27.2+2.3 and T2 — 30.1+2.8 amounted to 9.6%, “Walking backwards, cm/s” T1 — 56.0+2.2 and
T2 63.944.9 was 12.3%, “Sensitized Romberg sample, s” T1 — 17.1£0.7 and T2 — 18.1+0.8 amounted to 5.5%.

Conclusions. The results of the study confirm that exercises with a temporal structure of movements have a positive effect on the
components of coordination abilities in children of primary school age. The differentiated effect of these exercises on dynamic and static
coordination parameters has been established.
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BnusHue ynpaXHeHMN C TeMNOPUTMOBON CTPYKTYPOU
OBUXKEHUIW Ha pa3BUTUE KOOPAUHALMOHHbLIX CNOCOOHOCTEN
y ,que|7| Miaawero WKoNbHOro Bo3pacta

K.M. Komuccapuwk, J1.B. MuteHkosa, J1.M. Xanunosa, A.B. LUnrabyamHos

CaHkT-MeTepbyprekuii rocyaapCTBEHHbIN NeanaTpuyeckuin MeauuynHekuin yrueepeuteT, CaHkT-MeTepbypr, Poccus

PE3IOME

AkTyanbHocTb. B nepvog mMnapLero WKonbHOro Bo3pacta HabmoaaeTcs MUK pasBnUTUS KOOPAWMHALMOHHBIX cnocobHocTen. Paspa-
foTka M BHepeHWe HOBbIX NPOrpamMm YNpaxHEHWIA, NCMOMNb30BaHUE CNEeLNan13npoBaHHbIX YCTPOACTB U MHHOBALMOHHbLIX METOLOB
NPeLCTABNSAETCS akTyanbHOW 3afadeil Ans fanbHEeNLIEero COBEPLUEHCTBOBAHIS KOOPAVMHALMN.

Llenb — npoBecTW OLEHKY BO3LENCTBUS YIPaXHEHWIA C TEMMOPUTMOBOWN CTPYKTYPOIA ABKEHUIA HA KOMMOHEHTI KOOPAMHALMOHHBIX
CNOCcOBHOCTEN Y ieTel MafLero WKOMbHOTo Bo3pacTa.

Matepuanbi n MeToabl. Y4aCTHUKM SKCNEpUMEHTa — AETW MITaALLEro LWKOMbHOrO Bo3pacta (8-9 net). SKkcnepuMeHT cocTosn 13
[ABYX 3TaroB: KOHTPOSbHBIN (4 HeZenu, CeHTAbPb) — 3aHATUS N0 CTaHAAPTHOM y4eBHOI MporpaMme; SKCepUMEHTarbHbIN (8 Hefenb,
OKTAOPb-HOSOPb) — MporpamMMa C UCMONb30BAHNEM YNPaKHEHUI C TEMMOPUTMOBOI CTPYKTYPOIA ABVWXEHWUA Ha KOOPAMHALMOHHOM
nectHuue. MNpoJomK1TeNbHOCTb 3aHATUS cocTaBnsAna 30 MUHYT, YacToTa — 3 pa3a B Heflento. TecTUpoBaHue NPOBOAUNOCH ABaXAbI:
Ha cTapTe (T1) u no 3aBeplueHuu (T2) BToporo aTana. cnomnb3oBaHbl TecTbl «YenHouHblit Ger 3x10 My», «TaHaemHas xogbba,
«Xopbba cnuHoit Brepeay, «MoanduumposaHHas npoba Pombepra». CTaTucTyeckas 3Ha4MMOCTb pasninyuiA OLiEHUBanach C Uc-
nonb3oBaHueM t-kputepust CTbrogeHTa Ans napHbIx BbIOOPOK Mpu ypoBHe 3HaummocTu p <0,01.

PesynbTathbl. o Bcem Tectam 3aduvKcpoBaHa NonoxuTensHas auHamuka. MposeaeHa obuwas v guddepeHUMpoBaHHas oLeHKa
pe3ynbTaToB. PasHnua Mexay cpesHUMM 3HadYeHuaMun: TecT «YenHouHbin 6er 3x10 m, c» T1 — 11,8+0,5 c m T2 —10,10,1 ¢, ynyuy-
weHue Ha 13,4%; «TaHaemHast xoabbay T1 — 27,2+2,3 cm/c n T2 — 30,1£2,8 cm/c, npupocT 9,6%; «Xoabba cnvHom Bnepes, cm/cy
T1 —56,0+2,2 cm/c u T2 — 63,9+4,9 cw/c, yBenuyerne Ha 12,3%; «MogndmumposanHas npoba Pombepray T1 — 17,1£0,7 cn T2
18,120,8 ¢ coctaBuna poct Ha 5,5%.

BbiBoAbI. Pe3ynbTathl MCCnefoBaHUs NOATBEPXKAAIOT, YTO YNPAKHEHNS C TEMNOPUTMOBON CTPYKTYPOWN JBUKEHUIA OKa3blBaOT MOMo-
XUTENbHOE BO3ENCTBME HA KOMMOHEHTbI KOOPAMHALMOHHBIX CMOCOOHOCTEN Y [ETel MIaALLEro LWKObHOMO Bo3pacTa. YCTaHOBMEHO
AnddepPeHLMpOBaHHOE BNUSHWE AaHHbIX YNPXKHEHWUA Ha ANHAMUYECKME W CTATUYECKVNE NAapaMeTPbl KOOPAUHALMM.

KntoueBble crnoBa: AeTv MNaALero WKOMbHOrO BO3pacTa, KOOpANHALMOHHbIE CMOCOGHOCTY, TEMNOPUTMOBAS CTPYKTYpa BVKEHWH,
KOOpAVHALMOHHas NeCTHULA
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BACKGROUND

In the context of modern education, school physical
education classes play a key role in the development of
motor abilities in primary school children [11].

Motor skills are fundamental elements of a child’s
physical development. They determine a child’s ability
to actively participate in a variety of activities and adapt
to changing environmental conditions [3, 14, 17, 23].

Insufficient development of fundamental motor
skills during childhood can lead to musculoskeletal
disorders. This is due to the immaturity of the central
nervous system, which is responsible for coordinating
muscle activity and movement patterns [1, 7, 10, 16].

Coordination is the process of achieving coordi-
nated muscle activity required to perform new motor
actions. It represents a complex of abilities comprising
three key components: precise control of the tempo-
ral, spatial, and dynamic parameters of movements;
maintenance of static and dynamic balance; and the
execution of motor actions with optimal muscular ten-
sion [19]. The sensitive period for the development
of coordination abilities is between the ages of 6 and
12 years [8, 18]. During this period, improvements in
the precision and expressiveness of children’s move-
ments are observed.

Research on the development of coordination in
primary school children within educational settings
shows that physical education teachers employ vari-
ous methods for selecting exercise programmes and
instructing their implementation [3, 9, 13]. The authors
emphasize the need to revise and optimize approaches
to coordination training, utilizing innovative methods
[2, 6, 15, 22].

Nevertheless, the level of coordination abilities
achieved through specialized methods has not been
sufficiently studied. An analysis of the literature indi-
cates that the use of agility ladder exercises and me-

thods incorporating musical accompaniment for move-
ments is rare in practice [4, 5, 12, 20, 21].

Addressing this gap, an exercise programme with
a tempo-rhythmic structure of movements was deve-
loped and tested within this study. A key element was
the use of agility ladder exercises combined with rhyth-
mic music, in which the beat tempo was progressively
increased.

AIM

The aim of this study was to evaluate the effects of
exercises with a tempo-rhythmic movement structure
on the components of coordination abilities in primary
school children.

MATERIALS AND METHODS

The study was conducted in a secondary school
in St. Petersburg equipped with a sports hall. In accor-
dance with the principles of confidentiality, the name of
the school and participants’ data were not disclosed.
During the preparatory phase, meetings were held with
parents and teachers to explain the aims, objectives,
and procedures of the study.

The effectiveness of the programme was evaluated
between September and December. The study involved
20 primary school children aged 8-9 years, including
10 boys and 10 girls. Participants were selected based
on anthropometric data (Table 1) and baseline physi-
cal fitness test results (Table 2). The tests included the
following exercises: sit-ups (number of repetitions per
minute) and squats (number of repetitions per minute).

Statistical analysis revealed no significant diffe-
rences between boys and girls in age, anthropometric
parameters (height, body weight, body mass index,
and foot length), or physical fitness indicators (less
than 1%). On this basis, a single sample was formed
without stratification by sex.

Table 1. Anthropometric indicators of the study participants based on testing results, M+m
Ta6nmua 1. AHTpONoMeTpUYECKNE NOKA3ATENN Y4ACTHUKOB UCCIIEA0BAHIS MO pe3ynbTaTtam TecTupoBaHus, M+m

Fovina / Grou Bospact, mec / Poct, cm/ Macca Tena, kr/ VHaekc maccsl Tena, kr/m?/ | [lnuHa cTonbl, ¢ /
Py P Age, mon Height, cm Weight, kg Body mass index, kg/m? Foot length, cm
Manbuukm / Boys 98,2442 129,743,7 27,8424 16,2+0,2 22,4+0,8
(n=10)
[eBouku / Girls 99,8+4,8 128,0+4,4 27,4+19 16,5+0,6 21,8+0,9
(n=10)

Table 2. Physical indicators of participants according to testing results, M+m
Tabnuua 2. duanyeckne nokasatenn y4acTHUKOB N0 pesynbTaTtam TecTuposanms, M+m

MogHumanme Tynosuwa 3a 30 ¢/ Mpncenanus 3a 1 MuH /
pynna / Group Sit-ups (30 s) Squats (1 min)
Manbunku / Boys (n=10) 13,3+0,5 30,8+0,7
[Jesoukn / Girls (n=10) 14,5+0,7 31,1+0,8




Table 3. Parameters of the organization and content of the control and experimental stages of the pedagogical experiment
Ta6nuua 3. MNapameTpbl opraHM3aLymm 1 CofepxaHnst KOHTPONBHOTO U 3KCMEPUMEHTASBHOTO 3TAN0B NEAAror1ieckoro akCnepuMeHTa

MapameTp / Parameter

KoHTponbHbii a1an / Control phase

OkcnepumeHTanbHblii 3Tan / Experimental phase

Mepwop / Period CeHTs6pb / September

OkTs6pb, Hos6pb / October, Novtmber

MpogomkutenbHocTs / Duration | 4 Hepenw / 4 weeks

8 Hepenb / 8 weeks

CopepaHve / Program content

CraHgapTHas nporpamma / Standard curriculum

YnpaxHeHus C TEMNOPUTMOBOW CTPYKTYPOIA ABMKEHWI /
Tempo-rhythmic exercises

ObopynosaHue / Equipment
Basic sports equipment

Ba3soBoe cnopTBHOE 06opyaoBaHHe /

KoopanHaumoHHas nectHuua / Agility ladder

The study was conducted in two stages (Tab-
le 3). During the first stage (4 weeks), the standard
physical education curriculum for second-grade
students was implemented1. This programme was
aimed at developing fundamental motor skills and
physical qualities, including coordination abilities.
The main directions for coordination development
were developing spatial orientation, improving
rhythm perception, training static and dynamic ba-
lance, and refining movement differentiation.

The study was conducted in two stages (Tab-
le 3). During the first stage (4 weeks), the stan-
dard physical education curriculum for second-
grade students was implemented’. This pro-
gramme was aimed at developing fundamental
motor skills and physical qualities, including co-
ordination abilities. The main directions for co-
ordination development were developing spatial
orientation, improving rhythm perception, training
static and dynamic balance, and refining move-
ment differentiation.

The second stage of the study, lasting 8 weeks,
involved the implementation of the developed exer-
cise programme. The methodology included exercises
using an agility ladder with the following dimensions:
length (L) — 4 m and width (W) — 50 cm.

Three main types of movements were performed
on the agility ladder: walking, running, and jumping.
The sessions were conducted to rhythmic music at a
tempo of 96-112 bpm. The tempo-rhythmic structure
of the exercises allowed for individual adjustments to
movement technique based on the participants’ abi-
lities.

The following standardised tests were used to as-
sess coordination abilities.

1. “Shuttle run 3x10 m”. This test assessed dy-
namic coordination. It involved repeated covering of
the distance with changes of direction; the results were
recorded in seconds.

" Work Programme for the Academic Subject «Physical Education» for
Grades 1-4 of Primary General Education for the 2023-2024 Academic
Year. Available at: https:/co8a.ru/wp-content/uploads/2023/08/1-1.pdf
(accessed: 08.02.2025).

2. “Tandem walking”. This test was used to assess
gait function with complex coordination. Participants
walked 5 m along a straight line, placing one foot in a
heel-to-toe position; the results were recorded in cm/s.

3. “Backward walking”. This test was used to as-
sess mobility and balance maintenance. Participants
walked backwards along a line while looking over the
right shoulder in the direction of movement; the results
were recorded in cm/s.

4. “Modified Romberg test”. This test is an indicator
of static coordination. Participants assumed a tandem
stance (heel-to-toe position) with their arms crossed
on the chest; the maximum time for maintaining the
position is recorded.

During the study, participants performed the tests.
Testing began with a practice attempt, followed by
repeated trials until a satisfactory (verifiable) result
was achieved. The dynamics of coordination ability
development were analysed and expressed as per-
centages. The results of the “Shuttle run 3x10 m” and
‘Modified Romberg test” were compared with nor-
mative reference values for children aged 6-7 years
based on monitoring data?. Statistical processing was
performed using SPSS 16.0. The paired-sample t-test
was used to assess the statistical significance of dif-
ferences. The level of statistical significance was set
atp <0.01.

RESULTS

A comparative analysis of the results was conduc-
ted to evaluate the effectiveness of training programme:
baseline measurements (T1) were compared with
those obtained after the 8-week course of sessions
(T2) (Table 4). The programme consisted of exercises
with a tempo-rhythmic movement structure performed
on an agility ladder and accompanied by music with a
progressively increasing tempo.

A comparative analysis of the control exercise
results revealed a statistically significant improve-
ment in the participants’ physical performance. In the

2 Educational Social Network. Normative Indicators for Monitoring.
Available  at: https://nsportal.ru/shkola/raznoe/library/2016/03/15/
normativy-pokazateley-monitoringa (accessed: 08.02.2025).
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Table 4. Dynamics parameters of physical fitness and coordination abilities in the subjects before (T1) and after (T2) the experiment, M+m
Tabnuua 4. [luHamuka nokasateneii puan4eckoit NOAroTOBNEHHOCTU U KOOPAMHALMOHHBIX cnocobHocTel y ucnbiTyeMbix 4o (T1) n nocne (T2)

aKcnepumeHTa, Mtm

Mokasatenw / Parameters T1 (n=20) | T2 (n=20)
YnpaxHeHus / Exercise
Mogbem Tynosuwa (pas/muH) / Sit-ups (count/min) 21,315 24241 ,1*
Mpucenanust (pas/imuH) / Squats (count/min) 35,8+2,8 38,5+1,9
Tectbl / Tests
YenHoyHblit 6er 3x10 m, ¢ / Shuttle run 3x10 m, s 11,8+0,5 10,1+0,1*
TaHaemHas xoabba, cv/c / Tandem walk, cm/s 272423 30,1+2,8*
Xopbba cnuHoi Bnepea, cm/c / Backward walk, cm/s 56,0+2,2 63,9+4,9*
Tect «MoaunduumposarHas npoba Pombepray, ¢ / Modified Romberg Test, s 17,1+£0,7 18,1+0,8*

* Differences are significant at the level of significance (p <0,001).
* Pa3nnuns gocToBepHb! Ha ypoBHE 3HaunmocTy (p <0,001).

“sit-ups” test, the mean number of repetitions increased
by 3 (+11.9%). Similar dynamics were observed in the
‘squats” exercise, where the number of repetitions in-
creased by a mean of 3 (+7.1%).

The results of the “shuttle run 3x10 m” test showed
a 13.4% improvement compared with baseline data.
This corresponded to a 1-point increase on a 3-to-4-
point scale.

Analysis of data from the “tandem walking”, “back-
ward walking®, and “modified Romberg test” revealed
positive dynamics across all results. The mean speed
in the “tandem walking” and “backward walking” tests
increased by 9.6 and 12.3%, respectively. The diffe-
rence between the results of the “modified Romberg
test” was 5.5%, which also corresponds to a 1-point
increase from 3 to 4.

A comparative analysis of the changes observed
across the four coordination ability tests revealed
specific patterns. The use of exercises with a tempo-
rhythmic movement structure using the agility ladder
had a pronounced effect on the development of dy-
namic coordination. This is supported by the greatest
improvements being observed in the “shuttle run” test
(a 1.7-second decrease in time) and the “backward
walking” test (a 2.9 cm/s increase in speed), indica-
ting a significant enhancement of motor adaptation
ability.

CONCLUSION

The results of the study confirm the effective-
ness of tempo-rhythmic exercises in the development
of coordination abilities in primary school children
(p <0.001). However, differential patterns of improve-
ment were observed depending on the type of motor
task.

The observed increase in the number of repeti-
tions in the sit-ups and squats exercises may be as-
sociated with the development of endurance under the

influence of the increasing tempo of the agility ladder
exercises. The greatest progress was observed in
tests assessing dynamic coordination and motor con-
trol (shuttle run 3x10 m and backward walking). This
result is presumably a consequence of synchronising
cyclic movements with the musical tempo. The im-
provement in the tandem walking and modified Rom-
berg test results was less pronounced, as the skills
assessed require a high level of precision and static
stability. These parameters of motor control, unlike
cyclic movements, develop more slowly and are less
responsive to musical rhythm.

Thus, exercises with a tempo-rhythmic movement
structure contribute to the development of coordina-
tion abilities by improving both complex coordinated
movements (reaction time and movement speed) and
static parameters (movement precision and postural
maintenance). This conclusion is supported by the
test results obtained from primary school children in
this study.
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AONONHUTENBbHAA UHOOPMALIUA
Bknap aBTopoB. Bce aBTOpbI BHECIMN CYLLECTBEH-
HbI BKNag B pa3paboTky KOHLEeNLuM, NpoBEAEHNE UC-




CrnefoBaHns 1 NOArOTOBKY CTaTby, NPOYnu 1 ogobpu-
N1 uHanbHyto Bepcuto nepeq nybnukame.

KoHdnukt wmHTepecoB. ABTOpbI AeknapupyroT

OTCYTCTBME SIBHbIX M MOTEHUWAmNbHLIX KOH(MMKTOB
WHTEPECOB, CBAA3aHHbIX C Nybnukauuen HacTosLien
cTaThu.
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