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Abstract :  

This study aimed to explore and compare the performance of head-up front crawl swimming—a technique 
used by lifeguards to reach victims or near-drowning individuals—between licensed lifeguards and competitive 
swimmers. Forty participants were recruited: 23 lifeguards and 17 competitive swimmers. The test involved a 25-
meter head-up front crawl swim performed at maximum speed. Each performance was video-recorded and analyzed. 
Evaluation parameters included TT, SL, SC, V, and Si. The results revealed a wide range of performances; however, 
competitive swimmers performed significantly better overall. Moreover, they outperformed lifeguards in all study 
variables except SL, for which the difference was not significant. The study concluded that competitive swimmers’ 
techniques could be useful for optimizing certain lifeguarding skills. 
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Introduction : 

Swimming, as a physical activity, has numerous benefits for the human body (Powis & Hazzard, 1984; 
Tanaka, 2009) as well as for mental health (Jackson et al., 2022). Swimming is also considered a life skill (Sinclair et 
al., 2023) that can prevent drowning, one of the leading causes of death in many countries around the world (WHO, 
2024). 

Many people visit aquatic facilities worldwide to enjoy and improve their physical health. Within these 
facilities, lifeguards are considered the cornerstone of safety (Vignac et al., 2022), and they should be equipped with 
proper physical, mental, and medical skills to prevent drowning incidents or respond effectively when such incidents 
occur (Santiago et al., 2022). 

 
 
Lifeguards’ skills can be divided into three main categories: (1) Prevention: observing and preventing 

drowning. (2) Rescue: when an incident occurs, reaching and towing victims using swimming skills. (3) First aid: 
applying appropriate medical procedures as needed (American Red Cross, 2024). 

Of these three categories, rescue skills are the most physically demanding and most directly related to 
swimming performance. Swimming proficiency is the primary pre-test requirement for admission to a lifeguard 
training course or the lifeguard certification exam (American Red Cross, 2024). 

When a drowning incident occurs, a lifeguard must react instantly by entering the water and using a modified 
front crawl stroke in which the head remains above the surface. This stroke is commonly known as the head-up front 
crawl, and it is primarily used to maintain visual contact with the drowning victim (American Red Cross, 2024; 
Leclerc, 2007). 

Because front crawl swimming is one of the four official strokes recognized by FINA and the Olympic 
Games, hundreds of studies have been published about it, particularly regarding its biomechanics and performance. 
However, the head-up front crawl has not received as much research attention, despite its importance in the field of 
aquatic safety. Although many lifeguarding manuals describe swimming skills related to lifesaving, they often lack a 
solid scientific foundation (Alshorman et al., 2020).  

Statement of problem : 

To the best of our knowledge, only a few studies have focused on the head-up front crawl stroke, such as the 
work of Iglesias et al. (2021), which examined the energetics of the stroke; Gando and Muraoka (2014), who studied 
the muscle activity of the stroke; and Alshorman et al. (2020), who investigated the kinematics of the leg movements 
used by lifeguards while towing a victim. 

Therefore, the purpose of this study is to explore the kinematic profile of the head-up front crawl stroke 
performed by lifeguards and competitive swimmers. Furthermore, it aims to compare the performance of lifeguards 
and competitive swimmers in terms of the study’s kinematic variables.  

Objective of the Study : 

The study aimed to address the following two research questions: 
1- What is the kinematic profile of the head-up front crawl stroke performed by  
lifeguards and competitive swimmers? 
2- Are there statistically significant differences (α ≤ 0.05) in the kinematic variables between lifeguards and 
competitive swimmers performing the head-up front crawl stroke? 

Methodology : 

Sample 
              A total of 40 male swimmers and lifeguards participated in the study. Of these, 17 were competitive swimmers 
who trained regularly at swimming clubs in Jordan, and 23 were lifeguards holding valid lifeguard licenses issued by 
the Youth Leadership Center, Jordan. 

The criteria for selecting lifeguards included holding a valid lifeguard license and availability for 
participation. For the competitive swimmers, selection was based primarily on availability, with preference given to 
those whose main stroke was the front crawl. 
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Instruments 
            A mobile camera (Samsung S22 Ultra) and a gimbal (DJI Mobile 3) were used to record all participants while 
performing the test. A laptop computer was used to extract research data from the captured videos. 

Procedure 
              In an Olympic-size swimming pool (50 m × 25 m). The maximum distance a lifeguard may need to swim in 
a real rescue situation is typically less than 25 m (Alshorman et al., 2020). Due to differences between the standard 
racing dive and the lifeguard entry technique (American Red Cross, 2024), participants began the test from inside the 
pool. 

Both swimmers and lifeguards were instructed to swim 25 m using the head-up front crawl stroke as fast as 
possible, without warming up, to simulate a real-life rescue scenario. The mobile camera operator moved along the 
pool deck to track each swimmer and ensure that all details were clearly recorded. 

Data collection : 

Parameters 
The general outcome of a good swimming technique is the ability to cover a given distance in the least 

possible time (Maglischo, 2016). While “least time” is a general indicator, other performance parameters can provide 
more detailed insights into the quality of a swimmer’s technique. Due to anthropometric differences among swimmers, 
the stroke index (Si) is considered a highly representative measure of stroke efficiency. It is calculated by multiplying 
stroke length (SL) by average speed (V). 

According to numerous studies in this field (Craig & Pendergast, 1979 ; Kilani & Zeidan, 2004 ; Maglischo, 
2016 ; Sánchez & Arellano, 2002), the parameters extracted to address the research question of this study were as 
follows : 

Total time (TT) : The time taken by the swimmer to complete the test distance (25 m). It was measured from the 
captured video. 

Stroke count (SC) : The number of full strokes performed by one arm. It was counted from the video playback. 

Stroke length (SL) : The distance covered divided by the number of strokes performed. It was calculated by : 

 
 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙ℎ (𝑆𝑆𝑆𝑆) = 25𝑚𝑚

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑆𝑆𝑆𝑆)
 

Velocity (V): which is commonly known as distance/time. It was calculated by: 

𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 (𝑉𝑉) =  
25𝑚𝑚

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 (𝑇𝑇𝑇𝑇)
 

Stroke index (Si): The product of multiplying SL by V. it is calculated by: 
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 (𝑆𝑆𝑆𝑆) = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡ℎ (𝑆𝑆𝑆𝑆)𝑥𝑥 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 (𝑉𝑉) 

Statistical analysis : 

IBM SPSS (version 24) was used to calculate the means, standard deviations, and maximum and minimum 
values of the sample parameters for both groups. An independent-samples t-test was conducted to compare the 
performance of swimmers and lifeguards for each parameter. Cohen’s d was calculated to determine the effect size of 
any significant differences. 

Results : 

In the present study, data from 17 competitive swimmers and 23 licensed lifeguards were collected while 
they performed their best head-up front crawl stroke, an important skill for lifeguards. In general, competitive 
swimmers outperformed lifeguards in this skill, as shown in Table 1. Significant differences were found in TT, SC, 
V, and Si between the two groups. However, there was no significant difference in stroke length, as shown in Table 
2. 
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A noticeable difference was observed in total time (TT). Competitive swimmers covered the distance using 
the head-up front crawl stroke in an average of 14.89 ± 1.01 seconds, while lifeguards covered the same distance in 
an average of 21.61 ± 2.80 seconds. Interestingly, the fastest lifeguard (16.25 s) was nearly equivalent to the slowest 
competitive swimmer (16.59 s). Similarly, competitive swimmers completed the test with significantly fewer strokes 
than lifeguards, averaging 13.79 ± 1.32 and 18.71 ± 3.04 strokes, respectively. 

Regarding stroke length (SL), the averages were approximately 1.46 ± 0.13 m for competitive swimmers and 
1.36 ± 0.21 m for lifeguards. In this parameter, a few lifeguards achieved stroke lengths longer than those of 
competitive swimmers. However, stroke length alone cannot describe efficiency. 

Likewise, competitive swimmers achieved higher velocities than lifeguards. The averages were 1.68 ± 0.11 
m/s and 1.17 ± 0.16 m/s for competitive swimmers and lifeguards, respectively. The stroke index (Si) averaged 2.47 
± 0.35 m²/s for competitive swimmers and 1.63 ± 0.45 m²/s for lifeguards. Interestingly, a few lifeguards demonstrated 
more efficient strokes than competitive swimmers, although they were not faster overall. 

Lastly, to provide context, the average speed of Olympic and World Championship finalists in the 50 m 
freestyle event is approximately 2.086 m/s, with an SL of 2.05 m and an Si of 4.27 m²/s. 

Table 1. N, mean, Std, Max, and Min values for both groups. 
 Competitive Swimmers Lifeguards 

Parameter Mean Std Max Min Mean Std Max Min 
TT (sec) 14.89 1.01 16.59 12.99 21.61 2.80 25.31 16.25 

SC (stroke) 13.79 1.32 16.50 12 18.71 3.04 25 14.5 
SL (m) 1.46 0.13 1.67 1.21 1.36 0.21 1.72 1.00 

V (m/sec) 1.68 0.11 1.92 1.51 1.17 0.16 1.54 0.99 
Si (m2 /sec) 2.47 0.35 3.08 1.83 1.63 0.45 2.56 1.05 

    N=17    N=23 
 

Table 2. Independent t-test & Cohen’s test results. 
*Significant at p ≤ 0.05 

 t df Sig. (2-tailed) Cohen's d Effect size 
TT -10.614 29.179 0.000* 7.02 High 

SC -6.914 31.809 0.000* 2.09 High 

SL 1.676 37.247 0.102 N/A N/A 

V 10.637 38 0.000* 3.71 High 

Si 6.253 38 0.000* 2.05 High 

Discussion : 

This study aimed to explore the kinematics of the head-up front crawl stroke as one of the essential skills 
required of lifeguards. Furthermore, it sought to compare the performance of this skill between licensed lifeguards 
and competitive swimmers. This paper represents a modest attempt to examine one of the neglected skills in the field 
of aquatic lifesaving. 

The general outcome of the study indicates a wide variation in the performance of the lifeguard group, 
whereas this variation was not observed among the competitive swimmers. Moreover, significant differences were 
found between competitive swimmers and lifeguards performing this skill, with a very high effect size. 

Among all the kinematic variables in the study, stroke length (SL) did not show a significant difference 
between the two groups. It is well established in the scientific literature that swimmers can achieve longer stroke 
lengths at the expense of swimming speed (Maglischo, 2016). Furthermore, individual anthropometric differences 
play a role in determining the maximum achievable stroke length (Sánchez & Arellano, 2002). Therefore, SL alone 
cannot serve as a reliable indicator of good technique. On the other hand, total time (TT), velocity (V), stroke count 
(SC), and stroke index (Si) were significantly better among competitive swimmers. 
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TT provides the overall picture of performance, and it was significantly better for competitive swimmers, 
with a high effect size. However, TT alone cannot reveal the detailed aspects of performance ; therefore, other 
parameters are necessary to better understand performance characteristics (Maglischo, 2016). 

SC is the second parameter extracted during performance analysis (after TT). SC reflects several components 
of stroke technique, including the three phases of the underwater stroke, hand recovery above the water, and the quality 
of the underwater pull. It is well established in the literature that a lower SC is highly associated with good technique 
(Iglesias et al., 2021 ; Kilani & Zeidan, 2004 ; Sánchez & Arellano, 2002). In our results, competitive swimmers 
noticeably performed fewer strokes than lifeguards. This difference could be attributed to the greater training and 
conditioning of competitive swimmers compared with lifeguards, who typically swim mainly to maintain fitness levels 
(Sánchez & Arellano, 2002). 

Si is one of the most representative parameters of an efficient swimming technique. It combines SL and V, 
thereby compensating for the anthropometric limitations of SL alone (Zhao & Shen, 2021). It was also evident that 
competitive swimmers outperformed lifeguards in this parameter as well. 

It is worth noting that the fastest performer in the entire sample was a competitive swimmer. He demonstrated 
the second-longest SL (1.67 m), the lowest SC (12 strokes), and the most efficient technique (Si = 3.08 m²/s). 
Furthermore, video analysis showed that the fastest swimmer used a rapid straight-arm recovery and an “I-shaped” 
pull, contrary to the commonly observed “S-shaped” pattern of the underwater arm pull during the regular front crawl 
stroke. 

To the best of our knowledge, no prior studies have investigated the kinematic performance of lifeguards 
compared with competitive swimmers, which represents the main contribution of this study. However, this paper lacks 
other important parameters, such as the analysis of underwater stroke phases, underwater palm motion, and arm 
kinematics above the water during hand recovery. 

To gain a deeper understanding of this stroke, future studies should employ 3D motion analysis to provide 
more detailed insights. Including higher-level competitive swimmers would presumably yield faster and more efficient 
performance outcomes in future research. 

Conclusion : 

The head-up front crawl stroke is generally a neglected skill in the scientific literature, despite its importance 
in the field of lifesaving. In this study, we profiled this stroke kinematically by analyzing the performances of 
lifeguards and competitive swimmers. Compared with lifeguards, competitive swimmers performed the head-up front 
crawl significantly better, and we presume they represent a good sample for further study and optimization of this 
stroke. 
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 مقارنة �ن�مات�ك�ة لس�احة الزحف على ال�طن والرأس خارج الماء بین المنقذین والس�احین المحترفین

 

 : ملخصال

استكشاف ومقارنة المنقذین بالسباحین المحترفین بأدائھم لسباحة الزحف على البطن والرأس ھدفت ھذه الدراسة إلى 
سباحاً، تم  ۱۷منقذاً معتمداً و۲۳سباحاً ومنقذاً،  ٤۰خارج الماء، والتي تعُتبر مھارة مھمة من مھارات الإنقاذ المائي، تم اختبار 

م بأقصى سرعة، وتم استخلاص أھم ۲٥والرأس خارج الماء لمسافة تصویر السباحین أثناء أدائھم سباحة الزحف على البطن 
المتغیرات الكنیماتیكیة التي تعكس مستوى الأداء، وھي الزمن الكلي، طول الضربة، عدد الضربات، السرعة، كفاءة الضربة. 

راسة تفوق السباحین على المنقذین أظھرت الدراسة تنوعاً كبیراً في أداء ھذه المھارة، خصوصاً في أداء المنقذین، كما وأظھرت الد
في جمیع المتغیرات، باستثناء طول الضربة. وقد خلصت الدراسة إلى السباحین المحترفین كانوا أفضل اداءً من المنقذین، وأن 

فین. دراسة مھارات الإنقاذ المائي المرتبطة بالسباحة وتطویرھا لأعلى مستوى یفُضل أن یكون من خلال دراسة السباحین المحتر
 . وقد أوصت الدراسة بعمل تحلیل ثلاثي الأبعاد لفھم أعمق لھذه المھارة
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