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Abstract

This study aimed to investigate the effects of resistance band exercises applied during warm-up on sprint and jump
performance in football players. A total of 20 male football players actively competing in the U-17 Super League
participated in the study. Using a cross-over experimental design, two different warm-up methods were compared over two
consecutive days. Method 1 consisted of standard warm-up exercises, while Method 2 included jumping and running
exercises performed with two power bands of different characteristics. Performance evaluations included the Five Repetition
Jump Test (5JT), a 10-meter sprint, and a 30-meter sprint test. Results showed that resistance band exercises significantly
improved jump performance (p <.014) but negatively affected sprint performance (10m and 30m) (p <.001). The decline in
sprint performance is thought to result from temporary muscle fatigue induced by resistance band exercises. These findings
highlight the importance of carefully planning resistance band exercises to optimize football-specific performance. Further
studies are recommended to explore long-term adaptation processes and exercise protocols in more detail.

Keywords: Power band, warm-up, sprint performance, jump performance, football.

INTRODUCTION

Warm-up is a fundamental preparatory process used to enhance performance and minimize the risk of
injuries in athletes. From the perspective of motor skills, Davids (2013) emphasized the critical
importance of warm-up in optimizing athletes’ movement abilities and supporting their rapid
adaptation to environmental changes. In dynamic sports such as football, warm-up not only increases
muscle temperature but also improves decision-making processes (Reilly, 2005).

Football is a sport that involves various physical demands such as sudden changes of direction, high-
speed sprints, and explosive jumping movements. These demands require players to perform at a high
level in skills such as explosive strength, speed, and agility (Della & Pinder, 2019). According to
Della and Pinder (2019), properly structured warm-up protocols not only enhance physical
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preparation but also optimize neuromuscular adaptations, thereby supporting players’ success during
gameplay.

Owen et al. (2013) stated that football players cover approximately 10-12 km during a match, with
10% of this distance consisting of high-speed runs. Therefore, pre-match warm-up protocols play a
critical role in preparing players for such intense physical demands. Bangsbo (1994) emphasized that
exercises performed during dynamic warm-up increase muscle temperature and elasticity, positively
influencing physical performance.

Another essential aspect of pre-match warm-up protocols is incorporating sport-specific movement
patterns. Mallett (2014) highlighted that dynamic movements aligned with the demands of the game
during warm-up significantly prepare the neuromuscular system and enhance performance.
Additionally, Guzman (2011) and Larsen (2020) underscored that exercises involving various
resistance bands improve muscle elasticity, support explosive strength production, and enhance
players’ sprint and jump performance.

Exercises performed with power bands of varying resistance levels and lengths have recently emerged
as innovative practices integrated into sport-specific warm-up protocols. These exercises not only
enhance muscle activity but also improve stabilization and balance, thereby optimizing players’
performance (Mallo, 2014). Reilly (2007) highlighted that understanding the short-term effects of
such exercises is a significant step toward developing sport-specific training programs.

The aim of this study is to investigate the effects of power band exercises, implemented during the
final phase of pre-match warm-up, on football players’ sprint and jump performance. This study will
examine how these exercises, performed using power bands, influence performance indicators
requiring explosive strength by enhancing the elastic properties of the muscles. In this context, the
potential effects of integrating resistance band exercises into warm-up protocols on football players’
performance parameters requiring explosive power will be evaluated.

METHOD
Participants

This study involved 20 football players actively competing in the U-17 Super League in Greece. To
ensure consistent and reliable results, the research was conducted with a single football team. The
participants were selected based on their health status, with only healthy individuals who had no
current or past injuries included in the study. Written consent was obtained from the parents of all
participants, and each player provided informed consent after being thoroughly briefed about the
study.

Methods

A cross-over experimental design was employed in this study to examine the effects of two different
warm-up methods on jump and speed performance in a football context. The experimental sessions
were conducted over two consecutive days to systematically compare the effects of each warm-up
method. Participants were randomly assigned to two groups, each consisting of 10 football players.
On the first day, the first group performed the first method, while the second group performed the
second method. On the second day, the groups switched methods, ensuring that each participant
experienced both warm-up methods.

The cross-over design allowed each participant to serve as their own control, reducing the influence of
confounding variables. This approach minimized the effects of inter-individual differences, thereby
enhancing the reliability of the results. Throughout the study, environmental factors such as humidity,
temperature, and wind were kept constant to minimize their impact on test outcomes. Additionally, all
testing sessions were initiated at the same time each day, and test durations were standardized to
prevent time-of-day and day-related effects on physiological performance.
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Each warm-up method (Method 1 and Method 2) lasted a total of 30 minutes. Following the
completion of the warm-up protocols, a 15-minute interval was implemented to simulate the time
between warm-up and match kick-off, in accordance with official match regulations. This interval,
commonly used in official football matches, provides players with sufficient time to finalize their
preparations after warm-up. To ensure that the study scenarios aligned with real match conditions,
two performance tests were conducted immediately after this 15-minute interval.

First, participants performed the Five-Repetition Jump Test (5JT), a widely used assessment tool for
evaluating lower limb explosive power and the ability to perform horizontal movements utilizing the
stretch-shortening cycle (SSC). The test was conducted using an Optojump platform, with participants
instructed to execute five consecutive maximal jumps without arm use. All jumps were performed
consecutively, without pauses between repetitions. The best performance achieved by each participant
was recorded and utilized for analysis.

Immediately following the jump test, 10-meter and 30-meter sprint tests were conducted. These tests
were performed on a grass field using a photocell system (BX700-DFR-T Autonics). Participants
began their sprints from a designated starting point located one meter behind the initial photocell.
They were instructed to start running whenever they felt ready. Timing commenced as the participant
passed through the initial photocell and ended upon crossing the final photocell.

Participants were instructed to sprint with maximum effort. Each participant completed two trials,
with one minute of passive rest between sprints. Measurements were recorded with a precision of
1/1000 seconds, and the best times from each participant were used for analysis.

This methodological approach provided an effective framework for thoroughly examining the effects
of two different warm-up methods on critical performance metrics in a football context and for
collecting comprehensive data. The systematic and controlled implementation enabled a reliable
analysis of the methods’ impact on jump and sprint performance.

Method 1

The 30-minute warm-up program consists of two phases:

Phase 1 (15 minutes):

1. Foam Roller Exercises (5 minutes): Relaxation of all major muscle groups using a foam roller.

2. THERABAND™ Exercises (3 minutes): Ankle movements: dorsiflexion, plantar flexion, eversion,
inversion. Standing glute kicks 15 repetitions. Lateral band walks: 10 steps to the right, 10 steps to the
left. Banded walks: 20 steps to the right, 20 steps to the left.

3. Gym Ball Exercises (3 minutes): Each exercise performed for 15 repetitions: Stability Ball
Hamstring Roll-Ins. Back extensions. Abdominal crunches.

4. BOSU Ball Balance Drills (2 minutes): Single-leg balance: 15 seconds on the left leg, 15 seconds
on the right leg. BOSU ball skipping: 15 seconds. Lateral skipping on BOSU ball: 15 seconds.

5. Hurdle Drills (2 minutes): Using four hurdles, each 70 cm in height: Forward walking. Backward
walking. Whirly birds. Lateral skips (right and left).

Phase 2 (15 minutes):

1. Passing Drill (3 minutes): Focused on improving passing accuracy and control through continuous
passing routines.

2. 5v5 Possession Game (5 minutes): Conducted in a 20m x 25m area. Two sets of 2-minute games,
with 1 minute of rest between sets. Emphasis on maintaining possession under pressure and quick
decision-making.

3. Crossing and Shooting Drill (2 minutes): Players practice delivering crosses and finishing with
shots on goal.
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4. Shooting Drill (2 minutes): Players focus on precision and power during shooting from various
distances and angles.

5. Sprints (4 repetitions x 8 meters): Performed at maximum effort. Each sprint is 8 meters in length,
emphasizing acceleration and explosive speed.

Method 2 (Power Band)

The 30-minute warm-up program consists of three phases:

Phase 1 (12 minutes):

1. Foam Roller Exercises (5 minutes): Relaxation of all major muscle groups using a foam roller.

2. THERABAND™ Exercises (3 minutes): Ankle movements: dorsiflexion, plantar flexion, eversion,
inversion. Standing glute kicks 15 repetitions. Lateral band walks: 10 steps to the right, 10 steps to the
left. Banded walks: 20 steps to the right, 20 steps to the left.

3. BOSU Ball Balance Drills (2 minutes): Single-leg balance: 15 seconds on the left leg, 15 seconds
on the right leg. BOSU ball skipping: 15 seconds. Lateral skipping on BOSU ball: 15 seconds.

4. Hurdle Drills (2 minutes): Using four hurdles, each 70 cm in height: Forward walking. Backward
walking. Whirly birds. Lateral skips (right and left).

Phase 2 (12 minutes):

1. Passing Drill (3 minutes): Focused on improving passing accuracy and control through continuous
passing routines.

2. 5v5 Possession Game (5 minutes): Conducted in a 20m x 25m area. Two sets of 2-minute games,
with 1 minute of rest between sets. Emphasis on maintaining possession under pressure and quick
decision-making.

3. Crossing and Shooting Drill (2 minutes): Players practice delivering crosses and finishing with
shots on goal.

4. Shooting Drill (2 minutes): Players focus on precision and power during shooting from various
distances and angles.

Phase 3: Exercises Performed with Two Different Power Bands (6 minutes):

1. Deceleration and Acceleration Drills with Long Power Band (750 cm): Deceleration: 2 repetitions
over a 15-meter distance. Acceleration: 2 repetitions over a 15-meter distance (Figure 1).

2. Jumping Drills with Short Power Band: Performed using a short power band (Figure 2). 5
repetitions of explosive jumping exercises.

3. Sprint Drills: 4 repetitions sprints over an 8-meter distance.

In this study, the AMILA ultra heavy power band was used for fundamental running drills such as
acceleration and deceleration, providing appropriate resistance (Figure 1). Three AMILA resistance
bands were combined to achieve a total length of 750 c¢cm, capable of delivering up to 40 kg of
resistance. This elastic band provided an adequate load for 15-meter acceleration and deceleration
drills. The combination was implemented to effectively activate acceleration and deceleration forces.

Additionally, a power band designed to provide resistance during vertical jJumping exercises was used
(Figure 2). This setup included a belt worn around the waist and adjustable ankle straps connected to
the band, increasing resistance during jumps. This configuration effectively enhanced the load applied
during jumps, thereby supporting power development exercises.
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Figure 1: AMILA power band and belt system.
N

Figure 2: Power band used for jumping exercises.

RESULTS
Data Analysis

The data were analyzed using SPSS 14.0 software. A paired t-test was conducted to compare the
effects of the two warm-up methods on sprint and jump performance.

Table 1. Descriptive Characteristics of Participants (N=20)

Variable Mean (= SD)
"Age (years) ' 16.25 + 0.43
Height (cm) 175.1+4.69
Weight (kg) 64.45 + 6.14
BMI 20.99 +1.53
Body Fat Percentage (%) 751+£235

Table 2. Comparison of Five-Repetition Jump Test (5JT) Between Method 1 and Method 2

Variables N Jump (cm) X SD t p
Method 1 20 37.675 3.96 2701 o14*
Method 2 (Power Band) 20 39.275 4.09

*P<.05

When examining the results, the average jump height in the Five-Repetition Jump Test was found to
be 37.675 cm for Method 1 and 39.275 cm for Method 2. The difference between these values was
statistically significant t(19) = -2.701, p <.014. These results indicate that Method 2 demonstrated
better performance in the Five-Repetition Jump Test compared to Method 1.

Table 3. Comparison of 10-Meter Sprint Performance Between Method 1 and Method 2

Variables N 10m (sec.) X SD t p
Method 1 20 1.587 052 .
Method 2 (Power Band) 20 1.686 072 -5.857 000
*P<.05

When examining the results, the average 10-meter sprint performance was found to be 1.587 seconds
for Method 1 and 1.686 seconds for Method 2. The difference between these values was also
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statistically significant t(19) = -5.857, p <.001. These results demonstrate that Method 1 achieved
better performance in the 10-meter sprint compared to Method 2.

Table 4. Comparison of 30-Meter Sprint Performance Between Method 1 and Method 2

Variables N 30m (sec.) X SD t p
Method 1 20 4.041 123 "
Method 2 (Power Band) 20 4.201 155 -6.633 000
*P<.05

An examination of Table 4 reveals that the average 30-meter sprint performance was 4.041 seconds
for Method 1 and 4.201 seconds for Method 2. The difference between these values was statistically
significant t(19) = -6.633, p <.001. These findings indicate that Method 1 resulted in superior 30-
meter sprint performance compared to Method 2.

DISCUSSION and CONCLUSIONS

Exercises performed with power bands of varying resistance during warm-up can enhance muscle
activation, thereby supporting explosive force production. In this study, Method 2, which incorporated
two different power bands during the final phase of the warm-up, led to a statistically significant
improvement in Five-Repetition Jump Test (5JT) performance. This finding aligns with existing
literature suggesting that power band exercises improve the elastic properties of muscles, thereby
enhancing jump performance.

Peng et al. (2021) reported that incorporating 3- and 5-repetition squat exercises with elastic bands as
a warm-up activity positively influenced post-activation potentiation (PAP), resulting in
improvements in sprint performance, change-of-direction ability, and jump force. Similarly,
Gaamouri et al. (2023) observed significant improvements in countermovement jump (CMJ)
performance among handball players with an average age of 15.8 + 0.2 years. After a 10-week elastic
band training program, CMJ values increased from 22.8 £ 1.8 cm to 26.8 £ 2.0 cm.

In this study, a statistically significant decrease in 10-meter and 30-meter sprint performance was
observed following the warm-up protocol incorporating resistance bands. This outcome has been
interpreted as a potential result of temporary muscle fatigue induced by resistance band exercises,
which may negatively affect short-distance sprint performance. Morin (2018) and Karaday (2019)
emphasized that adaptation processes to resisted sprint training, particularly when using heavy
resistance, may take longer and require consideration of individual differences. These findings
suggest that while resistance band exercises may impair sprint performance in the short term, they
could lead to performance improvements with long-term adaptations.

Similarly, Blazevich (2024), in a study examining the effects of resistance training on sprint and
endurance athletes, noted that resistance training triggers morphological and physiological
adaptations, contributing to performance enhancements. However, he also highlighted that excessive
resistance training is not always necessary for optimal performance and that the specific demands of
the individual and sport must be considered.

Atan (2019), in a study investigating the effects of different warm-up protocols on joint range of
motion, jump, and sprint performance, reported that the effects of resistance band exercises on sprint
performance could be neutral or negative. These findings highlight the importance of tailoring warm-
up protocols to the specific needs of athletes to achieve optimal performance outcomes.

In conclusion, the integration of resistance band exercises into warm-up protocols can be beneficial
for enhancing jump performance but may have short-term negative effects on sprint performance.
Therefore, when designing training programs, it is crucial to consider the timing, intensity, and
individual adaptation processes associated with resistance band exercises. Additionally, considering
the long-term adaptation processes of resistance training, it is recommended that these exercises be
planned strategically during preparatory phases to align with performance goals.
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Oz

Bu c¢alismanin amaci, giyilebilir sensorler araciligiyla yapay zeka destekli fiziksel aktivite uygulamalarini incelemektir.
Ozellikle, yapay zekanin fiziksel aktivite diizeylerini objektif olarak 6lgmedeki katkisim ve bu teknolojilerin sedanter
bireylerde fiziksel aktiviteyi artirmadaki potansiyelini degerlendirmeyi hedeflemektedir. Ayrica, son yillarda gelistirilen
yapay zeka tabanli uygulamalarin fiziksel aktiviteyi nasil etkiledigini anlamak igin literatiirii sistematik olarak gdzden
gecirmeyi amaclamaktadir. Bu dogrultuda, Scopus, Web of Science ve PubMed veri tabaninda “physical activity,” “artificial
intelligence,” “wearable sensor” ve “wearable artificial intelligence” anahtar kelimeleri kullanilarak sistematik bir literat tr
taramast gerceklestirilmistir. Calismaya dahil edilme kriterleri; 2015-2024 yillar1 arasmda yayrmlanmus, Ingilizce dilinde,
acik erigsim izni bulunan, spor bilimleri kategorisine giren, giyilebilir sensorler kullanilarak fiziksel aktiviteyi 6lcen veya
yapay zeka destekli geri bildirim saglayan arastirmalar ile fiziksel aktivite izerindeki etkisini inceleyen ¢alismalardir. Ayrica,
giyilebilir yapay zekay: iceren ve fiziksel aktiviteyi 6lgen en az bir degerlendirme barindiran c¢aligmalar da dahil edilme
kriterleri arasinda yer almaktadir. Bu kriterlerin diginda kalan ve derleme tiiriinde olan yayinlar ise hari¢ birakilmustir.
Tarama sonucunda toplam 582 makaleye ulasilmis; dahil etme ve hari¢ birakma kriterlerine gére yapilan degerlendirmeler
sonucunda 17 makale galigmaya dahil edilmistir. Giyilebilir sensorler ve yapay zeka destekli fiziksel aktivite 6l¢timunin,
ozellikle sedanter bireyler icin fiziksel aktivite programlarinin daha objektif degerlendirilmesini saglayacagi
ongoriilmektedir. Bu nedenle, yapay zeka ile desteklenmis fiziksel aktivite tasarimlarimin gelistirilmesi gerektigi
vurgulanmaktadir.

Anahtar Terimler: Physical activity, artificial intelligence, wearable sensor, wearable artificial intelligence.
Abstract

The purpose of this study is to examine artificial intelligence (Al)-supported physical activity applications through wearable
sensors. Specifically, it aims to evaluate the contribution of Al to the objective measurement of physical activity levels and
the potential of these technologies to increase physical activity in sedentary individuals. Additionally, it seeks to
systematically review the literature to understand how Al-based applications developed in recent years impact physical
activity. To this end, a systematic literature review was conducted in the Scopus, Web of Science, and PubMed databases
using the keywords “physical activity,” “artificial intelligence,” “wearable sensor,” and “wearable artificial intelligence.” The
inclusion criteria for the study were: articles published between 2015 and 2024, written in English, with open access
permissions, falling under the category of sports sciences, measuring physical activity using wearable sensors, or providing
Al-supported feedback and examining its impact on physical activity. Additionally, studies that incorporated wearable Al and
included at least one assessment measuring physical activity were also part of the inclusion criteria. Publications outside of
these criteria and review-type studies were excluded. The search yielded a total of 582 articles, and after evaluations based on
the inclusion and exclusion criteria, 17 articles were included in the study. It is anticipated that wearable sensors and Al-
supported physical activity measurement will enable a more objective evaluation of physical activity programs, particularly
for sedentary individuals. Therefore, it is emphasized that Al-supported physical activity designs should be further
developed.

Keywords: Physical activity, artificial intelligence, wearable sensor, wearable artificial intelligence.
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GIRIS
Diinya Saglik Orgiiti (WHO), fiziksel aktiviteyi, enerji harcamasmi gerektiren iskelet kaslari
tarafindan iretilen her tiirlii bedensel hareket olarak tanimlamaktadir. Fiziksel aktivite; bos zaman
aktiviteleri, ulasim amagli yapilan hareketler, is ya da ev isleri kapsaminda gerceklestirilen tiim
fiziksel hareketleri kapsamaktadir. Hem orta hem de yliksek siddetli fiziksel aktivitelerin sagliga olan
faydalar1 birgok bilimsel ¢alisma ile kanitlanmustir. Yiiriiyiis, bisiklet, spor, aktif eglence ve oyun gibi

aktiviteler, her yastan ve yetenek seviyesinden insan tarafindan keyifle yapilabilmektedir (WHO,
2024).

Fiziksel aktivite, saglik ve iyi olus i¢in Oonemli faydalar saglarken, fiziksel hareketsizlik bulasici
olmayan hastaliklar (NCD'ler) ve diger saglik sorunlari igin ciddi bir risk faktdrii olusturmaktadir.
Hareketsiz yasam tarzlari, NCD'lerdeki artisa katkida bulunurken saglik sistemleri tizerindeki yiikii de
artirmaktadir (WHO, 2024).

Yapay zeka (YZ), belirli gorevleri yerine getirmek igin insan zekasim taklit eden ve elde ettigi
verilerle kendini gelistirebilen sistemler olarak tanimlanmaktadir. Yapay zekay1 diger teknolojilerden
ayiran en énemli Ozellik, insan zekasina benzer bir sekilde 6grenme ve karar verme yetenegi olmasidir
(GTech, 2023). Yapay zeka, durumlara iligkin verileri hizli ve yinelemeli algoritmalarla isleyerek
kararlar alir. 1956 yilinda ortaya atilan yapay zeka kavrami, veri hacimlerinin artmasi, algoritmalarin
gelismesi ve hesaplama giiciiniin ilerlemesi ile giiniimiizde daha da yaygin hale gelmistir (GTech,
2023).

Fiziksel aktivite miidahaleleri baglaminda yapay zeka, saglik profesyonellerinin bu programlari
tasarlama ve uygulama bigiminde devrim yaratma potansiyeline sahiptir. Yapay zeka, kisisellestirilmig
ve uyarlanabilir 6neriler sunarak, ger¢cek zamanlh geri bildirimler saglayarak ve veriye dayali i¢goriiler
sunarak, uyumu tesvik eder ve sonuglari optimize eder (An, Shen, Wang & Yang, 2023). Ayrica,
bireysel verileri yorumlayarak kisiye 6zel miidahaleler 6nerme, belirli egzersiz rutinlerini tavsiye etme
ve olumlu davraniglar gii¢lendirme yetenegine sahiptir (An et al., 2023). Bununla birlikte, genis ¢apli
miidahaleleri hizlandirarak fiziksel aktiviteden en fazla fayda saglayacak demografik gruplar tespit
etme potansiyeline de sahiptir (An et al., 2023).

Bu calismanin amaci, giyilebilir sensorlerle yapay zeka destekli fiziksel aktivite uygulamalarimni
inceleyerek, bu teknolojilerin fiziksel aktiviteyi Olgme ve artirmadaki potansiyel katkilarini
degerlendirmektir.

METOT

Bu calismada, giyilebilir yapay zeka ile fiziksel aktivite arasindaki iliskiyi incelemek amacryla iig
farkli veritaban1 (PubMed, Scopus ve Web of Science) kullanilarak sistematik bir derleme
gergeklestirilmistir. Tarama islemi, 2015-2024 yillar1 arasinda yayimlanan literatlrl kapsayacak
sekilde “physical activity”, “artificial intelligence”, “wearable sensor” ve “wearable artificial
intelligence” anahtar kelimeleri ile gerceklestirilmistir.

Arastirmaya dahil edilme kriterleri su sekilde belirlenmistir:

1. Giyilebilir sensorler ile yapilan ¢aligmalar,

2. Fiziksel aktiviteyi 6l¢en arastirmalar,

3. Yapay zeka ile geribildirim veren ¢aligmalar,

4. Ingilizce dilinde yazilmis ve acik erisime ulasilabilen makaleler,

5. Giyilebilir yapay zekanin fiziksel aktivite iizerindeki etkisini inceleyen ¢aligmalar.

6. Fiziksel aktiviteyi giyilebilir yapay zeka ile 6l¢en en az bir 6lgiim igeren ¢aligmalar,
Dislama kriterleri ise asagidaki sekilde tanimlanmistir:

1. Giyilebilir yapay zeka ile ilgili olmayan ¢caligmalar,

Sistematik derleme ve meta-analiz makaleleri,
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2. Nicel sonuclar ve bilgi igermeyen yayinlar,

3. Yorumlar, gorisler, roportajlar, editore mektuplar, bagyazilar, posterler, konferans ozetleri,
kitap boltmleri ve kitaplar,

4. Gegerlik ve giivenilirlik caligmalari.

Yapilan tarama islemi sonucunda, belirlenen veri tabanlarinda toplam 582 makale tespit edilmistir.
Dahil etme ve diglama kriterleri dogrultusunda gergeklestirilen degerlendirmeler neticesinde, uygunluk
kriterlerini karsilayan 17 makale arastirmaya dahil edilmistir.

Wep of Science o m _ PubMed
Artificial intelligence and Artificial intelligence and physical Artificial intelligence and
physical activity activity physical activity
3,234 3,131 4,640
Open Access Open Access: Open Access:

1,690 1,314 2,394
2015-2024 2015-2024: 2015-2024:
1,648 1,242 2,091
Artical Artical: Article type: Classical Article/
1,284 741. . Clinical Trial/ Randomized
Wep of Since Categories/ Sport Categories: Med_ICIne/ Health Controlled Trial:
Sience, Computer Artificial Professions 186
intelligence
117 320

Keyword:Artificial Intelligence
/ Physical Activity

\A Veri tabani taramasiyla tespit edilen kaynaklar (n=582)

Duplikasyonlar kaldirildiktan sonra kalan kaynaklar (n=397)

\ 4

Taranan kaynaklar _| Daislanan kaynaklar
(n=397) (n=351)

\

Giyelebilir Sensorler araciligr ile degerlendirilen tam metin makaleler (n=46)

/

Arastirmaya dahil edilme kriterlerine uymayan tam metin makaleler (n=29)

\

Senteze dahil edilen ¢alismalar (n=17)

Sekil 1. PRIZMA Veri Toplama Akis Semas1 (Moher vd., 2009)
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BULGULAR

Bu sistematik derleme kapsaminda, fiziksel aktivite takibinde yapay zeka destekli giyilebilir
teknolojilerin etkinligi tlizerine yapilan 17 c¢aligma analiz edilmistir. Caligmalar, katilimcilarin
cogunlukla 18-50 yas araliginda oldugu ve genellikle IMU (Inertial Measurement Unit) sensorleri,
ivmedlcerler ve akilli saatler gibi cihazlardan elde edilen verilerle yapay zeka algoritmalarinin
uygulandigi gozlemlenmistir. Random Forest, SVM (Destek Vektér Makineleri) ve yeni nesil
RapidHARe algoritmalar1 gibi ¢esitli algoritmalar kullanilmistir ve bu algoritmalarla aktivite tanima
dogrulugunun %85 ile %95 arasinda degistigi belirlenmistir. RapidHARe algoritmasi, diisiik enerji
tiketimi ile %93 dogruluk orami sunarken; SVM, ozellikle adim sayis1 tahmininde %92 dogruluk
saglamistir. Buna ek olarak, SHAP (Shapley Degerleri) gibi model aciklama teknikleri kullanilarak
algoritmalarin dogruluk ve seffafligr artirllmistir. Bazi ¢aligmalarda sedanter bireylerin giinliik fiziksel
aktivite diizeylerinde %30’a kadar artig gdzlemlenmis, 6zellikle lise 6grencilerinde giinliik yiiriiyiis
miktarmin 1000-1500 adim arttigi ve bdylece fiziksel aktivite seviyelerinin (PAL) yiikseldigi
kaydedilmistir. Ayrica, kisisellestirilmis geri bildirim saglayabilen bu cihazlarin, kullanicilarin giinlitk
aktivitelerini artirma potansiyeli tagidigi ve uzun siireli kullanimda fiziksel aktivite diizeyini %25
artirabildigi sonucuna ulasilmustir. Giyilebilir yapay zeka destekli teknolojilerin fiziksel aktiviteyi
giivenilir ve erigilebilir bir sekilde artirma potansiyeline sahip oldugu, ancak daha kapsamli
demografik gruplarla yapilacak uzun dénemli ¢aligmalarin bu sonuglar1 dogrulamak agisindan onem
tagidig1 vurgulanmaktadir.

TARTISMA ve SONUC

Bu ¢alismanin bulgular, giyilebilir teknolojiler ve yapay zeka tabanli sistemlerin, lise 6grencilerinin
fiziksel aktivite seviyelerinin degerlendirilmesinde 6nemli bir ara¢ olabilecegini gostermektedir.
Ahmed ve ark. (2022) tarafindan gerceklestirilen ¢alismada, lise dgrencilerinin bilyiik bir kisminin
fiziksel aktivite hedeflerine ulasamadigi ve erkek 6grencilerin daha aktif oldugu gézlemlenmistir. Bu
sonuclar, lise ¢agindaki Ggrencilerin fiziksel aktivite diizeylerinin genellikle yetersiz oldugunu ve
Ozellikle okul donemi boyunca daha fazla fiziksel aktivite tesvikine ihtiyag duyuldugunu ortaya
koymaktadir. Galasso ve ark. (2019) tarafindan yapilan ¢alismada ise, yiriiyiis verilerinin IMU
sensorleri araciligiyla toplanarak, fiziksel aktivite seviyelerinin dogru bir sekilde tahmin edilebilecegi
ve bunun, ogrencilerin fiziksel sagliklarmin izlenmesi agisindan 6nemli bir ara¢ olabilecegi
vurgulanmustir. Jeong ve ark. (2024) tarafindan yapilan ¢alismada, ergenlerde obezite tahmini icin
Onerilen derin 6grenme modeli ile obezite tahmininde yiiksek dogruluk sagladigi ve cinsiyetler arasi
etkili oldugu vurgulanmustir. Azlina ve ark. (2020) tarafindan yapilan ¢aligmada, sanal fitness egitmeni
uygulamasi ile kisisellestirme ozellikleriyle 6grencilerin fiziksel aktivitelere ilgisini artirmada etkili
bulunmustur. Giyilebilir cihazlar, 6grencilerin giinliikk fiziksel aktivite seviyelerini izlemede oldukca
etkili bir yontem sunmakta ve bu tiir cihazlar sayesinde bireylerin hem adim sayilar1 hem de hareket
siireleri hakkinda siirekli veri elde etmek miimkiindiir. Bununla birlikte, bu tiir sistemlerin dogrulugu
ve gilivenilirligi tlizerine yapilan arastirmalarin artmasi gerekmektedir. Ayrica, fiziksel aktivitenin
sadece adim sayisi ile degil, ayn1 zamanda yogunluk ve siire agisindan da degerlendirilmesi gerektigi
onemlidir. Gelecek calismalar, giyilebilir teknolojilerin daha genis bir kitleye uygulanabilirligini test
etmeli ve bireylerin fiziksel aktivitelerini dogru bir sekilde izlemek icin gelistirilen yapay zeka tabanli
algoritmalarin basarisin1 degerlendirmelidir. Sonu¢ olarak, lise Ogrencilerinin fiziksel aktivite
diizeylerini izlemek ve degerlendirmek icin giyilebilir teknolojiler ve yapay zeka tabanli sistemler
umut verici araglar sunmaktadir. Ancak, bu sistemlerin daha genis bir kullanim alanina yayilabilmesi
icin daha fazla arastirma ve gelistirme ¢aligmalarma ihtiya¢ duyulmaktadir. Bu tiir teknolojilerin,
ogrencilerin fiziksel sagliklarmi daha iyi izlemeye ve yonlendirmeye yardimci olabilecegi, ayrica
saglhikli yasam aligkanliklarini tesvik etmek amaciyla okul miifredatlarina entegre edilebilecegi
diisiiniilmektedir.
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EXTENDED ABSTRACT

The purpose of this study is to examine artificial intelligence (Al)-supported physical activity
applications through wearable sensors. Specifically, it aims to evaluate the contribution of Al to the
objective measurement of physical activity levels and the potential of these technologies to increase
physical activity in sedentary individuals. To this end, a systematic literature review was conducted in
the Scopus, Web of Science, and PubMed databases using the keywords “physical activity,” “artificial
intelligence,” “wearable sensor,” and “wearable artificial intelligence.” The inclusion criteria for the
study were: articles published between 2015 and 2024, written in English, with open access
permissions, falling under the category of sports sciences, measuring physical activity using wearable
sensors, or providing Al-supported feedback and examining its impact on physical activity.
Additionally, studies that incorporated wearable Al and included at least one assessment measuring
physical activity were also part of the inclusion criteria. Publications outside of these criteria and
review-type studies were excluded. The search yielded a total of 582 articles, and after evaluations
based on the inclusion and exclusion criteria, 17 articles were included in the study. It is anticipated
that wearable sensors and Al-supported physical activity measurement will enable a more objective
evaluation of physical activity programs, particularly for sedentary individuals. Therefore, it is
emphasized that Al-supported physical activity designs should be further developed. In this study, a
systematic review was conducted using three different databases (PubMed, Scopus, and Web of
Science) to examine the relationship between wearable artificial intelligence and physical activity. The
search process was conducted with the keywords ‘“physical activity”, “artificial intelligence”,
“wearable sensor”, and “wearable artificial intelligence” to cover the literature published between
2015 and 2024. The inclusion criteria for the study were determined as follows: 1. Studies conducted
with wearable sensors, 2. Studies measuring physical activity, 3. Studies providing feedback with
artificial intelligence, 4. Articles written in English and accessible through open access, 5. Studies
examining the effect of wearable artificial intelligence on physical activity, and 6. Studies that include
at least one measurement measuring physical activity with wearable Al. The exclusion criteria are
defined as follows: 1. Studies not related to wearable Al, Systematic review and meta-analysis articles,
2. Publications that do not include quantitative results and information, 3. Comments, opinions,
interviews, letters to the editor, editorials, posters, conference abstracts, book chapters and books, and
4. Validity and reliability studies. A total of 582 articles were identified in the specified databases as a
result of the screening process. As a result of the evaluations carried out in line with the inclusion and
exclusion criteria, 17 articles that met the eligibility criteria were included in the study. The findings of
this study show that wearable technologies and artificial intelligence-based systems can be an
important tool in assessing the physical activity levels of high school students. Wearable devices offer
a highly effective method for monitoring students' daily physical activity levels, and thanks to such
devices, it is possible to obtain continuous data on both the number of steps and the duration of
movement of individuals. However, research on the accuracy and reliability of such systems needs to
be increased. In addition, it is important that physical activity should be assessed not only in terms of
step count but also in terms of intensity and duration. Future studies should test the applicability of
wearable technologies to a wider audience and evaluate the success of artificial intelligence-based
algorithms developed to accurately monitor individuals' physical activity. In conclusion, wearable
technologies and artificial intelligence-based systems offer promising tools for monitoring and
assessing the physical activity levels of high school students. However, more research and
development studies are needed for these systems to be used more widely. It is thought that such
technologies can help better monitor and guide students' physical health and can also be integrated into
school curricula to promote healthy lifestyle habits.
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Tablo 1. Konuya iliskin yapilan makalelerin ayrintih bilgileri.
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Calismanin adi Yazarlar ve Yaymlandigi Ydntem Bulgular Sonug
yayin yili Dergi
1- Lise Ogrencilerinde Fiziksel Aktiviteyi Ahmed ve ark. MDPI Lise dgrencilerinin fiziksel aktivite Katar'daki liseli ergenlerin gogu fiziksel Iki okulda yapilan arastirma, liseli
Degerlendirmede Kullamlan Giyilebilir (2022) diizeylerini degerlendirmek i¢in okul aktivite hedeflerini karsilayamazken, ogrencilerin MVPA ve adim
Yapay Zeka dénemi boyunca (g hafta siiresince erkek 6grenciler daha aktif olup okul hedeflerini kargilayamadigini
gozlemsel, kesitsel bir ¢aligma glinlerinde MVPA seviyeleri daha ortaya koymus ve daha fazla okulda
gergeklestirilmistir. ylksektir. benzer ¢aligmalarin yapilmast
gerektigini vurgulamustir.
2- "Yiiriiyiis Verilerinden Fiziksel Aktivite Galasso ve ark. ELSEVIER Makalede, saglikli geng katilimeilarin

Duzeylerini Tahmin Etme"

3- Makine 6grenimi, egzersiz dist dzellikler
kullanarak kardiyopulmoner egzersiz testini
ozellestirmek i¢cin maksimum oksijen alimini
ve maksimum gii¢ ¢ikigini tahmin eder.

4- DeepHealthNet: Derin Ogrenme
Cergevesine Dayal1 Ergen Obesite Tahmin
Sistemi

5- Giyilebilir Solunum izleme: Baglam ve
Sensor Biyomarkerleri ile Yorumlanabilir
Cikarim

(2019)

Wenzel ve ark.
(2024)

Jeong ve ark.
(2024)

Alam ve ark.
(2021)

European Journal
of Applied
Physiology

Journal of
Biomedical and
Health Informatics

Journal of
Biomedical and
Health

dogal hizda yiirtiyiis verileri IMU
sensorleriyle toplanarak, Fiziksel
Aktivite Seviyesi (PAL) tahmini icin
NCA algoritmastyla analiz edilmistir.

Bu ¢alismada, 274 katilimciyla
kardiyopulmoner egzersiz testi ( CPET
yapilarak, makine 6grenimiyle V
02peak ve PPO tahmin edilmis,
dogruluk RMSE ve SHAP ile
degerlendirilmistir.

Ergenlerde obezite tahmini icin 6nerilen
derin 6grenme modeli, k-katli capraz
dogrulama ile test edilerek diger
modellere gore belirgin bir Ustinlik
gostermistir.

Giyilebilir sensor verilerini kullanarak
solunum parametrelerini tahmin eden
yontem, baglam siniflandirmasiyla
uygun regresyon modellerini secip

MU verileri kullanarak yiiriiyiis sirasinda
Fiziksel Aktivite Seviyesi (PAL) dogru
bir sekilde tahmin edilebilirken, NCA
algoritmasl, yalnizca alt viicut
sensorlerinden elde edilen belirli
ozelliklerin yeterli oldugunu géstermistir.

Makine 6grenimi modelleri, geleneksel
yontemlere gore daha yiiksek dogruluk
saglarken, rastgele orman modeli VO2peak
icin RMSE'yi 6.52 ml/kg/dk, gradyan
artirma regresyonu PPO icin 43 watt olarak
belirlemistir.

Makalede 6nerilen derin 6grenme
modelinin obezite tahmininde %88,37
dogruluk orani ile basartli oldugu, erkek
ve kiz gruplarinda anlamli bir dstiinliik
sagladig1 belirtilmistir.

15 saglikli katilimcryla yapilan
arastirmada, giyilebilir sensor verileriyle
solunum parametrelerinin tahmininde
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NCA algoritmast, alt viicut
verilerinin daha ayristiric oldugunu
ortaya koymustur

Makine 6grenimi modelleri,
VO2peak ve PPO tahmininde
geleneksel coklu lineer regresyona
gore RMSE degerlerini sirasiyla
%28 ve %22 oraninda azaltarak
daha yiiksek dogruluk saglamustir.

Derin 6grenme modelinin obezite
tahmininde yiiksek dogruluk
sagladig1 ve cinsiyetler aras etkili
oldugu vurgulanmustir.

Giyilebilir sensor verilerinin
fiziksel aktiviteler sirasinda
solunum parametrelerini tahmin
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6- Yapay Zeka Algoritmasi Uygulayarak
Fiziksel Egitimi Ogretmede Kisisellestirilmis
Sanal Fitness Egitmeninin Etkinligi.

7- Adim Uzunlugunun Farkli Yiirtime
Hizlarinda Alt Ekstremite Eklem Kinetigi
Uzerindeki Etkisi

8- Denetimsiz giinliik yasam aktiviteleri
sirasinda aerobik sistem dinamiklerinin
cikarilmast igin giyilebilir sensér makine
6grenimi modelleri

9- Giyilebilir Sensor Verileri ile Klinik
Sonuglarla Tliskili Bireysel Hareket
Desenlerini Izlemek I¢in Bir Makine
Ogrenimi Yaklasimi

10- Uyku, fiziksel aktivite ve panik ataklar:
Akill saatler, derin 6grenme ve agiklanabilir
yapay zeka modeli kullanarak yapilan iki
yillik prospektif kohort galigmasi

Azlina ve ark.
(2020)

McGrath ve ark.

(2019)

Beltrame ve ark.

(2017)

Kobsar ve ark.
(2018)

Tsai ve ark.
(2023)

Informatics

International

Journal of Human

Movement and
Sports Sciences

Plos One

Journal of
Applied
Physiology

MDPI
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biyomarker kesfi ile saglik
uygulamalarina katki saglamayr amaglar

Sanal fitness egitmeni uygulamasi, 23
katilimer ile dogruluk degerlendirilip
kisisellestirme siirecinin etkinligi
ol¢tilmiistiir.

20 saglikli bireyle yapilan bir ¢alisma
araciligiyla yiiriiyiis hiz1 ve adim
uzunlugunun etkileri arastirtlmistir.
Katilimeilar, gercek zamanli geri
bildirim kullanarak adim uzunluklarim
modiile etmis ve elde edilen veriler ters
dinamikler yontemiyle analiz edilmistir.

Giyilebilir sensorlerle kalp atisi,
ventilasyon ve oksijen alim verileri
izlenmis, fiziksel aktivite degisikliklerini
degerlendirmek i¢in aerobik sistem
dinamikleri ¢ikarilmustir..

8 Diz osteoartrit hastalarinin egzersiz
Oncesi ve sonrasi yiirllylls denemeleri,
OCSVM ile giyilebilir sensor verileriyle
analiz edilmistir.

Makale, 114 panik bozuklugu
hastalarinda giyilebilir cihazlar ve
anketlerle uyku, fiziksel aktivite, kalp
atis hiz1 verileri toplayarak panik atak ve
anksiyete tahmini yapmay1
amaglamaktadir.

basarili sonuglar elde edilmis, baglam
siniflandirmasi ve biyomarkerlerin 6nemi
vurgulanmugstir.

Sanal fitness egitmeni uygulamasinin
kisisellestirme algoritmasi, %21.4
varyasyon agiklama oraniyla dogrulanmis
ve katilimcilar fiziksel aktiviteye
katilimin arttigini belirtmistir.

Yiirtylis izt ve adim uzunlugu
degisiklikleri, alt ekstremite eklem
moment profillerini dnemli dlgiide
etkilemektedir. Yiirllylis hiz1 tiim
eklemlerde etkili olurken, adim uzunlugu
Ozellikle diz ekleminde belirgin
degisiklikler gostermistir.

Katilimeilarm ¢ogunlugu hafif ve orta
siddette yiiriiyiis yaparken, kalp atis hizi
ve oksijen alimi artti; aerobik sistem
dinamikleri etkili analiz edildi.

Egzersiz sonrasi hareket desenlerinde
degisiklik ve sensor verileri, agri ve
fonksiyon iyilesmeleriyle yiiksek iligki
gosterdi.

Derin 6grenme modelleri, panik ataklari
%92.8 dogrulukla tahmin ederken,
depresyon, anksiyete, uyku ve fiziksel
aktivite risk faktorleriyle iligkilidir.
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etmede etkili oldugu ve baglam
siniflandirmasi ile biyomarkerlerin
belirlenmesinin 6nemli oldugu
belirlenmistir.

Sanal fitness egitmeni uygulamasi,
kisisellestirme ozellikleriyle
ogrencilerin fiziksel aktivitelere
ilgisini artirmada etkili
bulunmustur.

Yiiriiyiis hiz1 ve adim uzunlugunun
eklem momentlerini etkiledigi,
6zellikle adim uzunlugunun diz
ekleminde daha belirgin
degisiklikler yarattig1 bulunmustur.

Gunlik aktivitelerde giyilebilir
sensorlerin kullanimiyla elde edilen
verilerin aerobik sistem
dinamiklerini analiz etme yetenegi
vurgulanmaktadir.

Egzersiz sonrasi hareket
desenlerinde nemli degisiklikler
ve bu degisikliklerin klinik
iyilesmelerle yiiksek korelasyon
gosterdigi belirlendi.

Derin 6grenme teknikleri, panik
ataklar1 %75.6-92.8 dogrulukla
tahmin ederken, yeterli uyku ve
fiziksel aktivite riski azaltirken,
depresyon ve anksiyete riski

15


http://www.ijtase.net/

- ZIJTASE

International Journal of New Trends in Arts, Sports &Science Education — 2025, volume 14, issue 1

11- Parkinson hastaligi i¢in robot destekli
yiirime egitimi ve kosu band1 egitiminin
klinik etkileri. Randomize kontrollu bir
calisma

12- Mobil Mesajlagsma Uygulamasi
Kullanarak Hasta Egitiminin ve Gliglendirme
Egzersiz Terapisinin Japon Hastalarda Kronik
Bel Agrisiin I Verimliligi Uzerindeki
Etkisinin Degerlendirilmesi: A¢ik Etiketli,
Rastgele, Paralel Grup Deneyi.

13- Giyilebilir fitness sensorlerinden elde
edilen metabolik harcama bilgilerinin Al
destekli otomatik insiilin dagitim sistemine
entegre edilmesi: randomize klinik deneme.

14- Tarihsel Egzersiz Desenlerinin Beklentisi:
Yeni Bir Yapay Pankreas Sisteminin, Tip 1
Diyabetli Bireylerde Orta Siddetli Fiziksel
Aktivite Sirasinda ve Sonrasinda
Hipoglisemiyi Azaltmasi.

15- Oyun moduna bagli olarak, sanal bir
ortamda masa tenisi oynarken fiziksel
egzersizin yogunlugunun ve ¢ekiciliginin
degerlendirilmesi.

Capecci ve ark.
(2019)

Itoh- Mishima
ve ark. (2022)

Jacobs ve ark.
(2023)

Garcia-Tirado
(2020)

Jacek
Polechonski
(2024)

ELSEVIER

JMIR
MHEALTH AND
UHEALTH

Avrticles

DIABETES
TECHNOLOGY
&
THERAPEUTICS
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Science, Medicine
and Rehabilitation
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Parkinson hastalari, robot destekli ve
kosu band1 egitimi alan iki gruba ayrilds;
egitim Oncesi ve sonrasi testlerle ¢iktilar
degerlendirildi.

Kronik bel agris1 hastalari, mobil
uygulama ve geleneksel tedavi
yontemleriyle 12 hafta boyunca agri, is
verimliligi ve yagam Kalitesi
degerlendirildi.

Calisma, tip 1 diyabetli bireylerde iki
otomatik insiilin dagitim sistemini
(exAPD ve exMPC) karsilastirarak,
insiilin tedavisinin etkinligini
degerlendirmistir.

Calisma, tip 1 diyabetli katilimcilarda
iki hibrit kapali dongii sistemi ile
egzersiz ve hipoglisemi verilerini analiz
etti.

Table Tennis VR oyunu, egzersiz
yogunlugunu kalp atig hiz1 ve algilanan
efor ile degerlendirerek kullanici
performansi ve memnuniyetini
Olemiistiir.

Robot destekli yiiriiyiis egitimi ve kosu
bandi egitimi, Parkinson hastalarinda
dayanikliligy, yiiriiyiis kapasitesini
artirarak motor semptomlari ve yasam
kalitesini iyilestirmistir.

Egzersiz grubu, geleneksel gruba goére bel
agrisi, yasam kalitesi ve hareket
korkusunda iyilesme gosterdi, ancak is
verimliligi etkilenmedi.

Calisma, exMPC algoritmasi, daha diisiik
ortalama glukoz seviyeleri saglarken, her
iki algoritma hipoglisemi siresini klinik
hedeflere uygun sekilde sinirladi.

APEX sistemi, egzersiz sirasinda
hipoglisemi olaylarini azaltt1 ve diisiik
glukoz seviyelerinde gecirilen zamant
azaltirken yiiksek seviyelerde artig
gostermedi.

Sanal gerceklik arcade modu, masa tenisi
antrenmaninda daha yliksek yogunluk ve
memnuniyet sagladi; kullanict
performanst artti, 6gretmenler biiyiik
potansiyel degerlendirdi.
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artirmaktadir.

Yogun yiiriiyiis egitimi, Parkinson
hastalari i¢in etkili bir tedavi olup,
dayaniklilig1 ve yiiriiyiis hizini
artirmaktadr.

Egzersiz tedavisi, bel agrist
semptomlar ve yasam kalitesinde
iyilesme saglarken, is verimliligi
Uzerinde belirgin bir etki
goOstermedi.

Al destekli insiilin sistemleri,
egzersiz verilerini entegre ederek
glukoz seviyelerini iyilestirir,
hipoglisemiyi sinirlayarak
giivenligi artirir.

Yeni kapal1 dongii sistemi,
egzersizleri tahmin ederek
hipoglisemi riskini azaltmis ve
giivenli, etkili bir secenek oldugunu
gOstermistir.

Sanal masa tenisi antrenmant,
fiziksel yogunlugu artirip
memnuniyeti yiikselterek becerileri
gelistirmis ve fiziksel egitimde
biiyiik potansiyel gostermistir.
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16- RapidHARe: Giyilebilir senstrlerden Chereshnev ve HSE Dinamik Bayes agiyla hizli, enerji RapidHARe, mevcut yontemlere gére daha

gercek zamanli insan aktivitesi tanima igin ark. (2018) verimli, gercek zamanh aktivite tanima hizli ve diistik bellek tiiketimli, yiiksek RapidHARe,hizl1, diisiik bellek

hesaplama agisindan maliyeti diisiik bir yontem modeli gelistirildi. dogruluk ve diisiik enerji tiketimi sagliyor. .0 o yii,ksek)dogruluklu bir
Hassoon ve ark. Calisma, sesli asistan ve metin mesaji ile vnterm o:dnu' o=

17- Kanserden sag kalanlarda fiziksel (2021) ﬁZEksel ak'tivi'te artigni 7 7

aktiviteyi artirmak igin iki yapay zeka destekli Digital Medicine degerlendirmistir. Sesli asistan ve metin mesajt MyCoach ve

kogluk miidahalesinin karsilastirildig mudahaleleri, kontrol grubuna gore SmartText miidahaleleri, kanserden

randomize bir ¢aligma. giinliik adim sayisim1 artirmis ve fiziksel kurtulan bireylerde giinliik adim

aktiviteyi etkili sekilde artirmustir. sayisini artirarak fiziksel aktiviteyi

etkili sekilde tesvik etmistir.
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