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Introduction

This paper describes two phenomena that were axbemith ultra-short race-pace training
(USRPT; Rushall, 2012) and provides possible exgtians for their occurrence. Being early in
the existence of USRPT, observations are madendeat explanations based on known scientific
facts. In this case, those explanations will be dbiypses which need to be evaluated by
acceptable scientific procedures.

The conditioning of swimmers for racing embracesiynbeliefs and theories. Perhaps the most
naive theory is following training zones which atgposed to equip a swimmer's physiology for
use in races. Zones of swimming exercise have hg®moted as improving special
developmental stages in a swimmer's multi-yeanitngi (Vorontsov, no date). US Swimming
has gone through several proposed structures afjermones that are supposed to produce
differential training effects. The latest proposaintains five zones (Sokolovas, no date).
Recently, Maglischo (2012) presented yet anothemdtation. Energy zones are popular but
there is no published scientific work to validabeit existence or effects. Howat and Robson
(1992) showed that in a group of swimmers représgre variety of age-groups, being trained
according to a heart-rate range for specific aereniergy adaptation does not produce reliable
aerobic training effects. Using an absolute heate range as an estimate of training intensity
across a squad was shown to train, undertrain, caegtrain swimmers in roughly similar
proportions. Only one in three responded aerolyicad! intended. Using heart-rate "norms" to
prescribe work intensities to swimming groups tdieee particular training effects is more
erroneous than accurate. As well as hypothetica¢zof types of physiological adaptation, there
are specifically labeled formats such as "lactaterance sets", "mental toughness sets", etc.,
none of which have been shown to produce maximatfis for racing.

The implication of traditional swimming trainingahtargets improving physiological factors is
that any improvements in conditioning will powel atrokes and performances at related
distances within an individual. When training showlsanges in the conditioned state of a
swimmer, times should improve in races. This is aferration of the theory of general
adaptation. Unfortunately, research does not supper assumptions of general conditioning
(Rushall, 2012). When one part of the body is coowied, such as a leg, physiological and
performance changes are not transferred to thaioatt leg. When a trained and untrained leg
are exercised together, there is a small amounitaofer but not of sufficient magnitude to
suggest that conditioning is general in its physiatal impacts. Physiological adaptations are
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only appropriate for the exercises/movements inctvlthey are trained (Claytor, 1986). At the
other extreme is the correlation of physiologicaasures over a time-span with performances
over the same period. Australian Olympic team memliperformed a 7 x 200 m incremental
swimming step test several times throughout eacimsinth season from 1998-2002. A season
concluded with a national or international companit The following were measured between
phases and seasons: speed, stroke rate, stroki lseart rate at lactate threshold, speed for the
last 200-m step, and maximal lactate. The stepctemtges were in concert with training effects
across a season. Therefore, it is an independeasures that monitors training effects when in
full training. However, within season tests did rpredict final tapered performances. Only
physiological tests performed in the taper werateel to final competition performances
(Anderson et al., 2003). An interpretation of thesdings is a high volume of in-season training
was unrelated to final tapered performances. Imguiogphysiological measures in full-training
provide no clues as to how a swimmer will race wtagrered. If general in-season physiological
conditioning was of value for performances in aetad final important swim meet, then
performances at that meet would be related tout, tbey were not. The general theory of
physical training in swimming is not supported bgmy research studies.

In USRPT, it was proposed that particular sets lfaishort training would develop the
conditioning necessary for the specific races thatrace-pace repetition times represented. In
the late 1950s to the mid-1960s, Swedish scienpsislished articles that related lactate
accumulation to various work:rest periods (Astrabh@l., 1960; Christensen, 1962; Christensen,
Hedman, & Saltin, 1960). Astrand and Rodahl (19dr9cussed research findings that
demonstrated if the work duration is short enowgtiough the work intensity is very high, and
if recovery periods are short, energy sustains ex@chlly efficient "fast” work while no buildup

of lactate occurs. As well, glycogen levels remiaigh throughout the short intervals whereas
with longer tasks and rests they depreciate sicanifly.

A sustained presence of readily available glycogeressential for skilled (neuromuscular)
function. It allows a swimmer to practice the nenuscular patterns associated with high rates
of quality performance without disruption. If glygen depletes beyond a certain level
neuromuscular functioning in the localized workaare increasingly disturbed. Consequently,
demanding/extended swimming that lowers glycogeaailavility does not foster the learning of
the skilled movement patterns associated with tfets velocity. Another benefit from very
short-interval training is that recovery is rapitdas significantly shorter than that required for
depleted glycogen work bouts. In swimming, USRPTilitates an increased number of
executions of skill cycles.

USRPT sets are supposed to train race-specifioggraoperties and technique features that
transfer directly into races. The ultra-short fotrirecreases the accumulated yardage at high-
intensity velocities which exceeds that often asged with longer slower-than-race-pace
repetitions. USRPT is the method for involving higkensity swimming in high-yardage
workouts.

Ultra-short (high-intensity) training produces fastconditioning and higher levels of
physiological adaptation than more traditional lendower-intensity, and/or continuous training
(Enoksen, Tonnessen, & Shalfawi, 2009; Sandbakkd&yek Holmberg, 2009; Vogt et al.,
2009). Thus, conditioning for swimming is achievastter and quicker through USRPT. It has
the potential to increase the effectiveness of lnoac

1 A common error is to promote USRPT as high-intgrisiv-yardage workouts. That is the complete oftpasf
what it actually does.
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Swimming techniques and the supply of energy tommte their movements are totally
interdependent (Chatard et al., 1990). One canhahge without the other being altered. A
conditioning emphasis alone is not a path to swingnguccess (Kame, Pendergast, & Termin,
1990). Toussaint et al. (1990) showed that swimngfigiency is velocity dependent that is,
techniqgues change with swimming velocities (Petargg al., 2010). Energy demands differ
between strokes (White & Stager, 2004). Since swirgrstroke efficiency is developed for the
pace at which training is performed, it is logitalassert that if race-performances are to be
improved, that can only be achieved by improving dfficiency of swimming at race-pace for
each competitive stroke. Some strokes (e.g., blyftanight always have to be swum at race-
pace at practice to achieve the best training effébollet et al., 2006; de Jesus et al., 2010).
Thus, race-pace training will have the greatestvasice for singular competitive swimming
performances. Those performances differ markedimnfbeing a good trainer and improving in
all manner of non-race-pace (irrelevant-for-racisglimming and skills. Swimming coaches
have to realize that some improvements at traditidraining (e.g., more sessions, greater
yardage, more effort, etc.) often do not transiate improvements in races. When they do, it is
largely coincidental or the result of factors nohsidered?

When training at race-pace, coaches should see®pportunity to condition swimmers with
race-relevant swimming velocities/intensities andcoach technique in an effective wWay
meshing both emphases there is a good chance whaimgrs' movement efficiencies will
improve at the all-important race-pace. If effeelyvimplemented, the two emphases should
produce rapid and continuous performance improvésnero matter what the level of
conditioning. It is possible to make that statentmtause USRPT does not produce debilitating
fatigue like that which accumulates with traditibtraining (i.e., glycogen stores are depleted).
A swimming coach who does not conduct race-reletraitting is worthy of criticism.

Observation One

Swimmet. This swimmer was a 16 year-old male who in yourage-groups was an Australian
champion. For the past 18 months the swimmer sdfar variety of injuries and had not re-
established his national ranking. It was determibgdhis coach that significant technique work
might be the answer to preventing the reoccurraidajuries and reinstating his position in
state and national swimmirg.

Training. Training consisted of USRPT with an emphasis omwkistroke. All strokes were
swum so that the swimmer could compete in 200 nviddal-medley races. Training was held
in an 8-lane 25 m pool usually nine times per week.

Technique instructianTechnique development followed the steps desdrilyeRushall (2013).
Instruction occurred while performing USRPT sets.the fifth microcycle in the technique
program, the power-phase of all strokes was chanfled swimmer was required to increase

2 Superstitions often develop when young swimmersrave in racing performances after training wittelievant
training formats. Growth is perhaps the greatesilsiinfluence in swimming-race performances egrigwimming
careers. Despite being exposed to irrelevant trgife.g., slow swimming to develop an aerobic ks to learn
techniques), the detrimental effects are insuffici® completely mask capability improvements doephysical
maturation. Once growth stops, the influence dhing can then be attributed to swimming performemdVhen
elite swimmers do not improve in performances frame Olympiad to another, it is reasonable to atkattsome
of the lack of improvement or regression in perfantes is due to the major influence of irrelevanisense
training.

% Use verified principles of pedagogy for developingvement skills (Rushall, 2011).

* The swimmers involved in the two observations reddescriptions of events and stated they wererate.

® Reinstatement was achieved by the swimmer's préioces at the 2013 Australian Age-group Champipsshi



Specificity of Swimming Conditioning 4

arm-stroke acceleration significantly to gain geedtorizontal propulsion. The main effect of
concentrating on greater acceleration was thatwbik level of the swimmer increased. The
performance factors that were expected were:

1. Strokes per length would remain roughly constant.

2. Lap (25 m) times would improve markedly (~1-3%).

3. Stroke rates would improve over those exhibitethenprevious microcycle.

4. The number of race-pace repetitions in a set wanikthlly decrease. The reduction
would be greater than in any other microcycle beeahe swimmer was working more
powerfully than at any other time. After a periddfrem one to two weeks, the number
of repetitions should recover and match those éduibin the previous microcycle.

5. Bow- and lateral-wave heights should increase lsrafithe increased velocity through
the water.

OutcomesAs expected, the perceived level of exertion ofsWvenmer increased, times for each
25 m or 50 m repetition improved noticeably, an& thumber of repetitions completed
successfully in each set dropped as much as 50%sWwimmer and coach were committed to
maintaining the new level of power applicationfie imicrocycle.

After the third day, the swimmer began to incretlenumber of successful repetitions in sets
while holding the new race-pace times occasionedhbymore effective arm-pulls. After two
weeks, all forms of strokes had returned to theipus maximum number of repetitions in the
training sets.

Interpretation When the swimmer changed the manner and levébrag production in the
underwater pull, the number of race-pace repestiwas reduced considerably. That was a clear
indication that energy provision was yoked to tlek-giroke technique and swimming velocity.
In a traditional way of thinking, training levelggeticed (number of successful repetitions
completed) should be maintained with a modifiedhtégue. But, that did not occur. An increase
in acceleration in the underwater power-phase efatm pulls severely reduced the amount of
swimming that could be sustained. One change ihnigae severely reduced the swimmer's
ability to maintain an improved race-pace.

After the third day of the new technique and reduocepetition completions, the number of
successful repetitions started to increase whiée rtew improved repetition times were held.
After two weeks, crawl stroke and two of the thremaining strokes had recovered to previous
repetition numbers. Apparently, the energy provisiequired by the changed technique had
been altered and developed to previous succesgfetition levels. The swimmer had changed
his technique and developed a new relevant comditicstate that matched previous best
repetition levels.

Hypothesis When technique is altered markedly, initiallyrnevill be a reduction in swimming
endurance and probably efficiency because theiegisbnditioned state is not exactly suited to
the "new" technique. This will not be readily apgarin training programs that involve many
irrelevant training stimuli. Also, in a dominantigrelevant program, there will be insufficient
trials of new technique elements to establish thenge. It is more than likely that the change
will dissipate and the old "established" technigulk continue to be used. One of the benefits of
USRPT is that the constant monitoring of repetitiomes, strokes per length, the heights of bow-
and lateral-waves, and the number of successfetitems in a set provides sensitive measures
of performance changes that occur when technigeesli@red.
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The hypothesis that results from this observatoA ichange in technique alters the provision of
energy at the outset but with sustained USRPTptheious energizing levils recovered as
adaptation of the provision of energy to the tegheichange occurs

Commentary As was briefly discussed above, technique andggnprovision are linked. A
change in one entity causes a change in the dth#re change is maintained, which is not
difficult in the USRPT format, then the other factall adapt at least to the level of technique-
to-energy-provision displayed prior to the change.

The speed of re-adaptation of one entity to a ch@)dn the other occurs quite quickly in the
USRPT format because all meaningful swimming igvaht to one type of swimming, that
being race-pace. The absence of irrelevant aneésselctivities such as drills, slow-swimming,
board-kicking, etc. allows the swimmer and coacmamitor how the swimmer is sustaining the
technigue change and if changes in specific engrgyision are occurring.

The observations here were made possible by harepgated exact training stimuli and
consistent technique. If the training stimuli wamrelevant to the intended race-pace technique,
then the true relationship between the energy sufapl a particular technique would not be
observed. Swimmer responses to conditioning anlghtqae elements are clearly discerned in
USRPT. The specificity of energy provision for atmalar technique is something that is not
accommodated in common training programs. Most leeabelieve that physical conditioning
energizes all techniques at all velocities. Itaswonder that many swimmers do not improve in
races when they are supposed to and that mostenatperienced swimmers do not improve at
all. The formula for their training is plainly wrgn

Research has consistently shown the direct reitiprbetween energy provision and technique.
What has not been shown to date is the manneffexftedf changing one feature on the other. In
this observation, a change in technique disrupteergy provision reducing the endurance
capability of the swimmer when performing a staddaad USRPT set. With consistent
repetition of altered techniques over two weeks, é¢hdurance capacity at the new technique-
generated velocity of swimming improved to matah pihe-change endurance capability.

Observation Two

Swimmer A nationally prominent 13 year-old male workeddBRPT over a 16-month period. It
was revealed by his coach that he had been usstgntervals of 20 and 30 seconds preparing
for 200 m/yd and shorter races ever since USRPT ingtguted. USRPT recommends rest-
intervals of 20 seconds or less (Rushall, 20129 to be the longest provided. If possible, rest-
intervals should not exceed the work interval. Hswdecided to adjust this swimmer's rest-
intervals to 10 seconds for 25 m/yd repeats anse20nds for 50 m/yd repeats.

Training. Training consisted of USRPT with a change fromt8®0 seconds and 20 to 10
seconds when performing the same sets as in theApbestrokes were swum. Training was held
in a two-lane 25 m/yd private pool.

Expected Outcome$he shorter rest-intervals were expected to rediae number of completed
repetitions in standard USRPT sets. However, it wpwed that the number of completed
repetitions would return to the previous numberi@gtd when using longer rests.

® But not the source of energy. The technique dlteraequires a change in the neural coding inkifsn of both
the new movement pattern and the energy providmmthat acquired pattern. Changes in techniquet imeisvithin
reason. One cannot expect this type of adaptatittmvirtually whole-stroke alterations.
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Results The change to shorter rest-intervals reducedntimaber of repetitions completed in
USRPT sets, often by as much as 50%. The swimnmieeiped the tasks to be much harder and
was affected negatively for 5-7 days. However, ttiennumber of repetitions completed in the
"harder sets" began to climb. After two weeks, rtnenber of repetitions completed approached
previous levels achieved with "more rest". In thexthweek, completions exceeded previous
levels and in many sets the times for the repestialso improved. The institution of shorter
rests produced improvements in the number of repesi completed in standard sets as well as
improved swimming quality (repetition times) acradisstrokes.

Interpretation and Commentaryne of the assumptions of USRPT is that duringrtstest-
intervals, off-oxidative kinetics (Type | plus Typa fibers) continues at a maximum level. Each
repetition is likely to function at or close to @rimum oxidativé level. With short rests, each
repetition begins with oxidative functioning alrgaakt the desired high level for the velocity of
swimming because there is no subsidence duringetsteperiod. With long rest-intervals (~30
seconds or greater) when doing 50 m/yd repetitithes|evel of oxidative functioning is likely to
decrease in the latter part of the interval. laes decrease then the next repetition will begin
with a less than optimal oxidative functioning atiét deficiency will be replaced with on-
anaerobic functioning (the energy source is notéy&nown) until the on-kinetics of oxidative
functioning is re-established at the necessaryl.l&the number of repetitions mounts in the
set, the anaerobic demands will gradually incress@ ultimately will cause performance to
decrease beyond the targeted race-pace level.nVb&vément of mounting anaerobiosis varies
considerably between individuals.

When rest-intervals are of ~20 seconds or lesgjatixie functioning remains high across the
rest- and work-intervals. Anaerobic functioning et but to a lesser degree than when it is
initiated after the fast-component of aerobic fioruhg abates with longer rests. Short rests
provide the swimmer with consistently high oxidatienergy use. With ~20 seconds or possibly
slightly shorter rest-intervals, the number of ®ssfully completed race-pace repetitions will be
higher than with intervals that are too long beeaatthe demands for on-anaerobiosis. This
interpretation accounts for the swimmer in this esldation completing more race-pace

repetitions when the rest-intervals were shortefiés explanation is counter-intuitive but can

be observed when comparing the same work levate-paces) in the USRPT format with only

the rest-intervals being different.

Alves et al. (2010) showed that the rate with whigicolytic anaerobic work is performed
changes the aerobic contributions to performantes Ipossible that the requirement for
anaerobic functioning in long-rest sets decreakesbenefits for performance that oxidative
functioning provides. That contributes to the rdaurcin the total number of repetitions that can
be performed in a USRPT excessive-rest set.

The employment of on-oxidative functioning for ttheration of most repetitions, save the early
few, will better replicate the needs for oxidatfumctioning in a race. Within a USRPT set, if
anaerobic functioning is unnecessarily high, thergyn demands of a race will not match the
constant demands for oxidative functioning thatallyewould occur in a well-paced race. Thus,
excessive rest-intervals decrease the similarignefrgy kinetics between practice sets and races.
Monitoring how swimmers are functioning (usuallyabgh respiratory rates) is important. If the

" Oxidative is a better term than aerobic. Aerokis B common restricted connotation meaning "uskeoferobic
system" (Type | muscle fibers which only functioxidatively). However, Type lla fibers also are cedide but are
not part of the aerobic system. Thus, oxidativecfioming is possible beyond the aerobic systemiandSRPT
better describes the training effects and energgeis
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respiratory rate slows in the rest-interval, theqekis too long. A slight reduction in respiration
rate across the rest period possibly could bedtedr possibly in the range of 0-5% but no more.

It is proposed that the 30- and 20-second restval® for this swimmer brought into play

anaerobic functioning which accelerated the ondefaotors that debilitated the athlete's
endurance capacity in a USRPT set. In this swimmaéonger rest-interval reduced the number
of race-pace repetitions that could be completed.

Hypothesis When rest-intervals are long to the point thatlative functioning in the interval
decreases, the next repetition will involve inceshanaerobic function at its outset. Eventually,
the accumulated anaerobic functioning interferdh wxidative functioning/efficiency and limits
a swimmer's performance in the USRPT format.

The hypothesis that results from this observatmniAihen rest-intervals are too long in the
USRPT format, the number of successfully complegpdtitions can be less than when rest-
intervals are shorter. Short-rest intervals sustainear-maximum level of oxidative functioning
in work- and rest-intervals. Consequently, the tangf rest-intervals is a major factor that

governs the effectiveness of USRPT and the qaadyguantity of work performed.

Commentary

Two observations of phenomena involving technignd/@ energy provision that occurred
during USRPT were recounted above. This writer tlaserved other instances of the same
phenomena but to be scientific they need to be pedeently verified using acceptable
experimental designs. It is likely that becauselasfje individual differences in swimming
performances and swimmers' capacities that the dgstrimental format for evaluating the
hypotheses suggested in this commentary would béntod-individual rather than group
experimental designs. One now has to wait until éppropriate scientific status of these
observations is known.

The instant reductions in performance endurance iftmmber of repetitions completed in the
USRPT format) associated with technique changegastgpthe Specificity of Training Principle
and not the general conditioning theory that unegrimost of the training dogma of today's
swimming. Other sources discuss the specificityraihing at much greater length and in fuller
detail than that presented here (Rushall & Pyk&11Rushall, 2003, 2012).

The two observations suggest that energy provisoonspecific techniques and velocities is
much more specific than commonly thought. Whatlieen suggested is as follows:

1. It is known that changes in swimming technique &ets require changes in energizing
properties. Changes in technique initially promatess in performance capability but if
the changes are refined and retained, performamueser most likely because of re-
adaptation to the new energizing demands/properties

2. A reduction in excessive duration rest-periods fixed interval-training format, such as
USRPT, initially causes performance disruption th&n recovery occurs to levels that
are equal to or greater than initially exhibited.

The specificity of USRPT reveals swimmer resporisatare rarely seen. When interdependent
techniques and energy sources are trained, theféraof training effects to races should be
observable and measurable as was described aboeen{@ht infer that USRPT is "simulation
training" but, it is more than that. Unless thegmaeters of USRPT are observed when devising
programs aimed at being relevant for racing, omsmofexpect significant improvements of the
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magnitude that is possible with accurate applicatiof the method. Many coaches claim they
provide "race-pace" training. That is insufficientbe equated to USRPT and its effectiveness.
Such misinformed claims should be ignored.

Postscript

In discussions about this presentation with collesgthere is another commonly observed
phenomenon that points to the specificity of erengi properties of USRPT tasks.

When well-conditioned traditionally-trained swimraaattempt a challenging full-scale USRPT
training session, they find the work very difficidhd exhausting. This indicates the lack of
specificity of traditional conditioning for spedifforms of swimming. Coach Greg McWhifter
has conducted clinics in Australia involving ra@ee training. He has observed that when
swimmers from traditional programs attempt USRPT 4@ demonstrate the format of that
training method, the swimmers have great difficuttycompleting work levels that approach
what would be expected from his own USRPT swimnard squads. When conducting a
training session using USRPT at Cherrybrook in Jatly, 2013, this writer was able to observe
this phenomenon.

A well-conditioned traditionally-trained male natal medalist age-group swimmer attended his
first session with the Cherrybrook Carlile prograrhe total load for that evening was not high
by USRPT standards as the session was three daysfemn the New South Wales Age-group
Championships. The first-time swimmer had diffiguibh completing the major portion of the
few sets that were offered. When questioned dftethole session, the swimmer declared the
workout to be "very hard" and "nothing like he hdmhe before". Coach McWhirter reassuringly
commented that is what should be expected andhéhdtvould improve over time — perhaps
within the next three weeks".

Inappropriately, USRPT is often described by pesssho do not understand it or have not seen
it implemented, as being low-yardage high-resnhtrgj sessions. If one was to ask traditionally-
trained swimmers what it was like to complete goprdJSRPT session, their description would
be the opposite of the common misconception. Atgmmers have been fully acclimated to the
USRPT format, it is not difficult to complete 3,000n/y of race-pace work in a two-hour
training session without destructively fatiguing @thletes.

The point behind this postscript is to opine thedditionally-trained swimmers are not
conditioned to fully complete USRPT sessions. Thergzing properties of the two training
formats are very different. Whether USRPT swimnveosild have similar difficulty completing
traditional-training sessions has not been adetyuateserved by those of us in the "USRPT
camp". However, the few cases that have become knwave reported equal difficulty in
handling traditional training.

This paper has generated a number of hypothesearthavorthy of objective research. Perhaps
some individuals in the Academy might like to invgate the phenomena presented here so that
an acceptable level of confidence in their impart be achieved or denied.
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