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1 Proposals available for review and terminology used
A total of four proposals were available for review. Each proposal contains what we hereafter
refer to asmethodor modelto calculate relative scores in powerlifting. The methods and models
will be dealt with in alphabetical order of the respective aufdgt  a dzNJy' I YSZ Fy R F2NJ aA
Ffa2 06S NBEFSNNBR (2 o0& (GKS IdziK2NRa adz2NyI YS KSNE
1 Unnamed methody Author 1, referred to asAuthor 1
1 Author 2 Author 21 & Author 22: Relative Strength Performance Modedferred to as
Author 2
T J. MarksteinertPF Pointsreferred to adMarksteiner
1 Author 4 Deciton Equivalenteferred to asAuthor 4

The following abbreviations will be used in the remainder of the review

a9byY YSyQa OFdiS3a2NeE 2F fATISNA
2abyY 2YSyQa OF{iS3I2NE 2F fAFGSNAE
PL: powerlifting, total scerof three disciplines

BP: bench press

CL: classic, raw category of powerlifting

EQ: equipped/singkply category of powerlifting

=A =4 =4 4 -8 =9

2 Contents of this review
The review consists of two main sections.

1. Detailed discussion of the proposals and modgtsirting on pages). Each proposed
method is discussed separately. Proposals dseussed with respect to the scientific
reasoning and theoretical background of the modeling approach (e. g. what model is
chosen and why? How well is the model choice backed up by scientific reasoning?), how
the chosen approaches differ from those of oth@oposals, the type of data used to
develop the method, and its applicability.

2. Score comparisons acrossethods and performancedvels starting on pagé4. This
section contains detailed numerical and graphical comparisons of the proposed methods
in comparison to Wilks scores.

For readers who do not wish to examine statistical details or read the entire discussion, we
provide a brief summary of the entire reviem pageb.



3 Summary of the review

Not all of the submitted proposals included enough information to reproduce the scoring results
presented in the papersAuthor 1 is still unfinished, and presumably contains errors in the
formulae we were unable to resolve. Therefore, we commented\athor 1, but did not include

it in the numerical comparisons.

For each method that the reviewers were able to reprodusatfor 2 Marksteiner,Author 4),
scoring results were created based on the datasets provided by Joe Marksteiner. Comparisons
were made under two different perspectives:

1. The scoring results of the top lifters should mirror the population percentages of lifters
acros weight classes to ensure fairness in relative scoring. This is a purely distributional
perspective, and a slightly weaker criterion than the one to follow.

2. The scoring should result in similar scores within a certain performance level. An ideal
scoring nethod would result in e. g. the average scores of the best athletes in the lower
weight categories being identical to the average scores of the best athletes in the middle
and heavy bodyweight classes.

The consequence of both perspectives is that theilikeld to become best lifter is unbiased
across weight classes. This would remedy most of the criticism brought up against the current
scoring method using Wilks points.

To objectively evaluate the scoring performance of each method, we used both of thevabo
perspectives. . %statistics were used to measure distributional fairness, and a regression
approach was used to determine similar average scores across the most important performance
level of the top 10% of lifters. The regression approach was evalustatistically and
graphically. The combination of the two assessments allowed the reviewers to arrive at a
comprehensive verdict that took both of the above perspectives into account.

In summary, we found that both Marksteiner aAdithor 2are well workedout methods, both

with advantages, drawbacks, and scientific foundatidfhen given the choice, Marksteiner

scores can be labeled as the fairer system when all subdisciplines and performance levels are
taken equally into account (regardless of weighting)hen focusing on elite & top 20 % lifters

FYR ¢SAIKGAY I 020K O23RIBegsSeoies) eqally, MadeNdiner vidaih & & A &
performs better thanAuthor 20 2 K Sy ¢ SskdleK Half iyf Bomparison to Loess scores,

Author 2 performs better forelite, top 20, and top 30 % of lifterddowever, the reviewers want

to emphasize they currently see no reason to apply suctatienuation.

All three evaluated methods and models have their advantages and drawbacks. We were unable
to include theAuthor 1 method in numerical comparisons. It contains a well laid out scientific
basis, a promising modeling approach, but also an additional fact@gefadjustment The
reviewers speculate that such an age adjustment could result in even better model fits and
increased fairness compared to the other three methods, which currently operate without age
adjustment. However, theAuthor 1 method is still unfinished, and relative scoring to
bodyweight and age may introduce an undesired level of complexity. Furthermahe
acceptance of age adjustment among the IPF and powerlifting community is still unclear at this
time, and may be an issue for future improvements of relative scoring methods in powerlifting.



4 Detailed discussion of the proposals and models

The four poposals differ greatly in the amount and detail of given informationpart, tis
resulted in difficulties in reconstructing the mathematical and analytical operations performed
by the authors. These difficulties will be addressed in the specific ssctb the proposed
methods.

The purpose othe four proposals is to provide a new method for calculating scores for the best
lifter competition in IPF powerlifting. All proposals rely on methodologies that model relative
strength (relative performance) asfunction of body weightAuthor lincludes adjustment for

age, but since the document is unfinished, the final formulae are not given and cannot be
evaluated.

Author 2also considers age as a factor, but does not include specific coefficients to hedhclu

in any evaluation of the developed formulae. We point out that this reviewnetlevaluate age
standardization procedures. It is unclear at this point in time whether standardization to age is
easily applicable and more importantly¢ even supportedby IPF strategies or the majority of
the IPF staff who are responsible for implementing a new best lifter methodology.

As a function of lifter€@bodyweights, Marksteiner proposes details to calculate best lifter in all
three subdisciplines plus PL, splito MEN/WMN and EQ/CRuthor 2proposes a methodology
which is also dividednto MEN/WMN and EQ/CL, but only includes PL and BP, no deadlift
squat.Author 1does not account for any subdisciplines, Beparates according tlEN/WMN
and EQ/CLAuthor 4 only includes the MEN/WMMivisionin PL without differentiation between
EQ/CL or any subdiscipline.

The proposals share a common point of origin: the deficiency ofctimeently-used Wilks
method to calculate relative scores for the best lifter competit Specifically, several different
aspects of the Wilks methodology are pointed out by the authors, which they intend to remedy
with their proposed methods:

1. Unfairness:Overrepresentation of certain weight categories in best lifter results. This
bias isargued to result in the heaviest and lightest lifters being more likely to win best
lifter competitions.

2. Outdated / Inconsistent:lt is argued that Wilks methodology was developed based on
outdated lifting scores of the mil990s. The current lifter populmn has evolved to
include higher body weights and lifting performances. Thus, the coefficients need to be
updated at best.

3. Only includes PLWilks methodology was developémbm data of equipped lifting, and
may not provide adequate results for classamirlifting.

4. Inaccuracy / Regression Bias / Lack of theoretical foundation for the polynomial
regression: Polynomial regression used by Wilkan result in uncontrollable effects
outside the functional domain of lifter performances used for model creation. This
means that if the lifter populations shift with respect to body weight and performance,
the polynomial regression may result in unreaable results when applied to new or
outlier data.

5. Overcomplexity @Author 2): 5th order polynomials may result in overfitting and over
complexity. Simpler models may provide a betteited approach and may eliminate
some of the effects described in thegvious point.



4.1 Author I (Unnamed proposal)

4.1.1 Scientific foundation and rationale

Author 1 argues that the resulting coefficients of the Wilks polynomial regression are
unreasonable, especially outside the range of the body weights used by Wilks for model
creation. In addition, Wilks scores on contemporary datasets are not distributed evenly across
weight classes, with heaviest and lightest classes being overrepresented in higher Wilks scorings.

.%tests are used to demonstrate the discrepancies in distiiims of Wilks scores, as well as a

meansto demonstratethe remedysuggestedby the Author 1 methodology. However, only
dichotomous categories are used with thresholds of 425 and 525. In contrast to Marksteiner
GKA& | LIINRFOK G2 aFFANYySaaég SyLiz2ea 6SI 1SN ONK
score variance across weight classes.

Author 1 employs gaussian regression to model relative performance as a function of
bodyweight, using a squared exmential, adopted from the Sinclair coefficient used in Olympic
weightlifting. In contrast to Marksteiner andluthor 2 Author Q& | LILINR I OK R2Sa vy 2 i
empirical or analytical model a priori. Gaussian regression is usually used in determining
properties of systems with unknown underlying functions and mechanisms, as well as in
FyFrfe@dAOlt LINPOfSYE 2F AYOGSNLILRtIGAZ2Y [yR avyzz2i
weights and relative performance can be argued to include many unknowns anbast®
processesAuthor 10& | LILINR | OK Aa NBFaz2yrloftSeo LG STFFSOGA
outlined by Author 2 but at the same time avoids the drawbacks of polynomial regression
mentioned byAuthor 2and the author himself.

Author 1 depicts nore evenly distributed relative scores, and also provides evidence for
increased fairness by nenA 3y A ¥tasOresyilis. Since we cannot reproduce the scoring
(formulae issue), we cannot comment on the validity of this claim.

4.1.2 Criticism

1 The proposal isicomplete and unfinished.

1 Using gaussian regression is reasonable, and may eliminate the drawbacks associated
with polynomial regressions, and allows more flexibility than some of the empirical
distributions.

1 Age adjustment is an interesting aspect. dtavident fromAuthor 1Qa  gsiNdr
analyses also included Author & | LILJISYRAEHO GKFG 38 LIX I &a
the relationship between lifters physical constitution and performance. However, there
may be issues with acceptance ate complexity of calculations. First, age adjustment
will control for age and apply correctionsspecially for older athletes. Their likelihood
of becoming best lifter increases dramatically, possibly leading to a podium of the oldest
people in the consideredge categories. It is unclear at this point whether such an
outcome is politically desired and accepted among athletes.

1 Eroneous formulaere given.

In the proposal, the formula is written a:10(ee 0 =alog10 (b))
There is either a bracketissing or surplus in the exponeritthe formula.

9 Testing the superiority of the proposed method using a dichotomous outcome (above or
below 525 in EQ, above or below 425 in CL) disregards scoring validity, and only assesses
proportions of lifters belonging to arbitrarily defined scores. atfter lifters who are
significantlyabove 425 points score similarly is not assessed by such a procedure, but
can be considered the most important aspect in method assessment.



1 Why is EQ and CL combined in one model? Mechanisms and causalities for achieving
higher performancecan bedifferent between EQ and CL, and may also interact with

bodyweight. Using only one model thdbes notproperly fit appears unreasonable to
the reviewers.



4.2 Author 2 Author 2.1& Author 2.2 Relative Strength Performance Model

4.2.1 Scientific foundation and rationale

The authors use a robust regression method to derive what they call an asymptotically balanced
model. Initially, they fit their model in direct compariswaith a fifth order polynomial (Wilksto

a large dataset, which results in identical statistical properties as the currently used polynomial
fit. However,Author 2 (similar: Author 4 argue that fitting the model to an average athlete is
considered problematic, since the true dependencytoérggth and bodyweight will be masked

by large numbers of athletes not performing at an optimum level.

Such an approach is justified for an analytical model, hefagthor 2 et al. use a non
probabilistic, stratified sample of elite lifters (within 15% adnid recordfor each weight class).
Their model fits result in an adjustment power efficiency factor, which is used to determine the
relative score.

Large parts of the work contain the scientific foundationvidry the authors chose the approach

of an analytical model. However, the actual part of reasoning how the model formula was
developed, is currentlpot available inhe proposal because of a pending publication procedure
in a scientific journal. We thus cannodbmment on one of the most fundamental parts of this
proposal: the reasoninfpr why the analytical model was chosen in its current form.

Overall,Author 2et al. presenta detailed and welfounded work, the methods used and the
structured approach sugges deep understanding of the subject matter. However, some
assumptions and parts of the methodology are critical or potentially ineffective in developing a
new relative index.

Furthermore, he authors did not provide information osuggestedupdate intenals for the
model coefficients.

4.2.2 Criticism
The work ofAuthor 2et al. is tremendously comprehensive and detailed. However, some of the
authordxlaims appear questionable to the reviewers.

1 The authors state that previous approaches of model selectionniaaitheoretical basis,
since the models for curve fitting would be selected exclusively on the basis of the 'best
fit' criterion. Based on this statement, the authors consider it necessary to develop an
analytical model. These statements disregard the epmilogical dispute between
induction and deduction in model creation, and that all of the modeling approaches of
physiological processasespecially in strength output of athleteshave to deal with a
tremendously complex issue that cannot be fully ukdér2 2 R A 0K (2RI @ Q&
Empirical models haweell-founded theoretical bases they just differ from the theory
applied in analytical models. Whether an analytical or an empirical modbeitter in a
particular context depends on many variables. A general superiority of analytical models
over empiricaimodelscannot be ascertained a priori. Hence, the reviewers do not agree
gAGK (KS | dileecdssitpto dddelopiay analyfical model.

1 Furthermore, the found/developed analytical model cannot be evaluatedejoth,
because it is part of a pending scientific publicatipnthe authors. Consequently, the
I dz(i KRNBIQ2 ¢ A y 3 Thasi relying ¥nSayfafogies with the biological patterhs o
metabolic processes in the body; the empirical laws of the practice of powerlifting; the
most fundamental principles of conservation of matter and energy, we can assert that
the expression obtained has the most satisfactory theoretical justificatioteast in

9



O2YLI NRAazy gAGK (GK2a$S I LlhNhPsatiorg.aoringtande, | NB
the determinants of lifter performance could be quite different under certain
circumstances, especially for EQ and CL. Curtehtiye is no rationale giveby the
authors why the same analytical model can be applied validly to both disciplines.

1 Selectingquota stratified samples may be advantageous in determining analytical
models, but the resulting small sample sizes makadel fitting more susceptible to
outliers. It is questionable whether such a procedure will produce fair rankings for a
larger population.Eg. forfitting a model tomSy Qa Of I pieasiofly tioSdytad) K
points were available for model fittinp the range ofl20 kg to approximately 15Kg.

The populationhowever, contains a large proportion of athletes in this weight cl@ee
Figurel).

1 The relative points calculated by the authors are lineadgled up/down from the world
record level of the fitted curve. This approach does not take into account that the
standard deviation in the total lifting population increases with the weight classes.
Hence some athletes might be systematically favoredl@advantaged.

AB Model - Men Classsic Bench Press

kg

Bench Press

Result in Bench Press, kg)

0 50 100 150 200 250
Body Weight - kg 50 100

Body Weight

Figurel: Comparison of available data pointsthe population and data points used for modelifggures taken from
the Marksteiner andAuthor 2proposals.
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4.3 Marksteiner IPF PointsProposed Replacemefar WilksCoefficients

4.3.1 Scientific foundation and rationale

The method proposeso model lifter performance as a lognormal function of bodyweight.
Lognormal distributions are often found propulations otbiological systemsespecially in scaling
phenomena (eg. length of limbsbodyweights) However, two assumptions are elementary in
this context:

1. The body weight of the lifting population must be approximately lognormally
distributed.

2. The lifter performances in the different weight classes musapproximately normally
distributed.

The author hasxamined he approximate lognormal distribution of body weight in the total
lifting populations of men and women (see Appendix 5). However, the distributions of body
weights in the populations of the (sub}ciplines, which had been fitted with the lognormal
function, should have been checked, keither were notor were notpresented

After fitting the samples of the (sub)disciplines, Mstginer uses an unconventionabut
statistically correcaipproach to model the varying standard deviation across weight classes. This
procedure is used to include varying standard deviations across the weight claggels is
essential in calculating correct standardized percentage rankings or deviations Heomean
intended to be fair across weight classes.

The approach chosen by Marksteiner is reasonable, and is focused on provadilugi@n tothe
distribution problem of best lifters and their predominance in heavy and superheavy weight
classesThemodelingapproach is empirical, ndtiologicallyanalyticallike Author 2 Marksteiner
does not attempt to model the physiologicalrelationship between bodyweight and lifter
performance based on selected databut rather the empirical law which is accessilby
observing the total population and their average performangdis approach rests on the
assumption that all weiht classes are populated with the same proportion of athletes, &.9.
similar distribution of athletes (ratio between elite and poor merhers) can be found for each
weight class. Using data sets wifter 20.000 individual best performances across several years
provides a reasonable basis for this kind of approach.

The author suggests updating the coefficient matrix to calculate meanonesince and
standard deviation every 4 years.

4.3.2 Criticism

1 Based on Table 6 shown in Appendix 5, Marksteiner tries to demonstrate that the lifter
performances within the weight classes in the (sub)disciplines are approximately
normally distributed. In this pat, his approachs not convincingbecause the case
numbers shown in the table are not consistent with the data sets used. Furthermore,
the name of the correlation coefficient (Rho) indicates that a rank correlation method
(Spearman) was used to check the assumption. The use of this meshouwt
appropriate in this context and must be described as extremely questionable.
Established standard methods here are Shapifitk tests for normal distribution) and
Q-Q plots (lognormal and normal distribution). EspecialiQ (plots would give the
reader significantly more information for both distributions than e.g. Table 6 (Appendix
5). In summary, it remains unclear whether the two conditions mentioned above are
really fulfilled and thus the theoretical assumptions for modeling with lognormaéfés

11



given. Marksteiner neither compasealifferent models nor specifies the goodness of his
fits, which would be correct if the 2 theoretical assumptiovere fulfilled.

The author has compared the results of his method to those of W#ksycorrelatiors.
The results are fully listed in the proposal for all (sub)disciplines (Table 7, Appendix 8).
The comparison of scordsy correlations alone may lead to misinterpretations. At this
point, further comparisons using graphical methods would have been désita be
able to better judge the differences/characteristics of both methods in direct
comparison.

Marksteiner's score can be specified in points and as a percentile value. The author
leaves open which score should ultimately be used, but suggests ¢hetmtile scores
are very understandable and easy todriret for athletes & coached.he reviewers do
not sharethe view of the author in that proportionate distribution of relative points
(best lifters) across weight classesomparedto the distribuion in the total lifter
population,is a good criterion to ensure fair scoring. From our perspegditive one side
effect, but not a necessity. ttannot be guaranteed that all weight classes are equally
populated with good and bad lifterpdssiblesampling bias).

The work of Marksteiner containseveralseemingly smalerrors, which significantly
hinder the understanding of the described proceduries the reader and create
inconsistencies within the proposdfor exampleformulae on page 6 and19 are not
identical, fgures areincorrectly numbered, and correlations are not reported in a
consistent manner.

12



4.4 Author 4 The Decitoriquivalent

4.4.1 Scientific foundation and rationale

Author 4s idea to design the relative score so that the score motteddifting performance of

an athletewith a hypothetical body weight of 100 kg is tangible and quite interesting. In male
athletes a body weight of 100 kg is cleawljthin the range ofx Y A R\Relight élasses and is still

located quite centrally in théog normal distribution of body weights. It thus reflects the notion

of comparingesulisto one ofand @S Mdhl@e2¢F GG & LIAOKF £ ¢ 2NJ al OSNF 23S

4.4.2 Criticism

For the female athletes, a body weight of 100 kg is qfidtefrom the +84 kg thresholdf the

open class and is oriented towards the right end of the log normal distribution. It is therefore
highly unlikely that women will identify with this index to the same extent as men can. As a
result, this index could encounter acceptance problem#iigmale athletes.

In addition, the methods used iuthor 4s proposal were neither substantiated nor backed by
scientific theories. The following points are particularly critical:

1 No theoretical reasoning for the model used

1 Use of different models for meand women, without explanation (polynomial 6th order

vs. 5th order polynomial)

No information about the godness ofit

No substantiatedrationale for the selection and composition of the fitting sample

No separate models irsib) disciplinesno discus®n why thiswas notdone

Curve fitting with polynomials despite actually known problemsch asoverfitting,

over-parametrizationetc.

1 No meaningful evaluation of the developed score or comparison with the Wilks Score
(solely presentation of individuahses)

= =4 =4 =4

In summary, it should be noted that theoretical considerations for this proposal seem to have
played aless importantrole (in comparison to the other proposal®r were simply not
described. Hence the proposdbes not neet the samescientificstandardsasthe other three
Author 4was still included in the following comparison, since his formulae are worked oyt and
to the knowledge of the reviewers, correctly communicated in the proposal.

13



5 Scorecomparisons acrogsethods

5.1 Methodology used ithis section

We use the data provided by Marksteiner for illustration purposes and to resemble an entire
population of lifters(given subsets PL/BP, MEN/WMN, and CIL/Etall of the following graphs,
color coding will be as follow#Vilks (ed), Author 2 (blue), Marksteiner {reer), and Author 4
(purple). SinceAuthor 1did not allow for score calculation, it will be omitted from further
analysis.

5.1.1 Model Fit Plots

To evaluate methoctcharacteristics and performanceve first plot their average prediction
against bodyweight, and compare all applicable/available methods in one plot with respect to
their predicted average of the entire population. Color indicatee respective methods
Plotting performance versus boasight with added model fits results in a gragtat isfound in
nearly allproposals

MEN.EQ.BP

400 1

w

(=}

o
L

Fit

Marksteiner

BestBenchKg
N
S

-

o

o
f

50 100 150 200
BodyweightKg

Figure2: Model comparison ofiuthor 2and Marksteineusingthe data of men's equipped bench press (n=42B#g.
differences in modeling dbsophyare clearlyvisible

From this type of graplone can inspect the differences in the model selection with respect to
the modeling philosophy, and how well the respective model tfie dataof a population of
lifters, to whichit will be ultimatelyapplied Based on these fits, the relative scorings for each
methodology are calculatedccording to the descriptions given in the proposd®dels and
calculations were implemented in the statistical software R. Script code used to calculate
relative sores is giveron page46, so authors can check the correct implementation of their
methods.

Not all methods result irits that can be plottel in a meaningful wayNote that Author 4only
predicts scores for PL. Applying the prediction method to BP data results in curves way above
the data points, distorting the graphs and limiting their interpretabildythor 4 will thus be
omitted from BP model fit plots.

5.1.2 Relaive Scoring Distribution

To help visualize the impact of the methodologies on relative scoring distributions, we plot bar
charts with relative frequencies of all scoring methodologies against weight classes for
percentilegroupingsof 10%, beginning at thimp 10% of lifters (P100) down to tlveeakest 10%

of performances (P10)
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An example plot is given fhigure 3for Y Sy Q& S j dzA LILIS Rhe B180/performadhies a a
band(top 10 %of lifter scores) Based on the distribution @lthletes acrossveight classes in the
entire population (black bars), each scoring method introduces a distribution of-Bdd@@rs
across weight classes. Ideally, the distributions of the scoring methods match the population
distribution across weight classdsgure 3indicates that e. g. Wilks scoring (red bars) results in
the most extremedistribution biasamong the methods favoring heavier competitors and
leading to their overrepresentation in the distribution of P100 scorers. This is a common claim
madeagainst theWilks scoreswhich can be backed up an objective manneusingthis type of

data visualization.

MEN.EQ.BP: P100

20
9
s, Category
>
g 151 . Population
[}
2 . Wilks
o
C 101
,2 Marksteiner
©
© 9]
0- l-l - I

120+
WelghtCIassKg

Figure3: Relative scoring distribution (relative frequenciies)the reviewed scoring methodgross weight classes.
Almost d methodslead to significant overrepresentation 205+ kg athletes among théop 10%(P100)of relative
Scores.

We use the >statistic © provide an objective measure dfstributional proportion within each
performance band, across all weight classéss a measure of how much the expected counts
for the weight classes (determined by the populatiortountg are represented by the observed
countsof the athletesin the specific perfomance band acrosseight classesSince we do not
makeinferencesto a population we omit thecommonly performedsignificance testing with this
statistic. Although its numerical valudoes not allow for an intuitive interpretationas suchjt

can be diretly compared across methodologjesith smaller . %statistics representingless
discrepancybetween expected and observed frequencies across the weight cladadsgure3,

the scores of Marksteiner distribute closest to the distribution of athletes in the population
(black bars)hence themethod would score themallest. >-statisticamong the methods

The . %statistics for each method are then summed across all performance bands, leading to a
cumulated distribution bias score. Secti@Qomparisa of the scoring methodologies(page 18)

will depict the.*results, and contaifurther descriptionsof how these scores contribute to
choosing a bessuited method for best lifter scoring.

.statistics only check distributionapt scoring levelsThat is why it onlyddresse®ne aspect

of scoring fairnessunder the assumption of a sufficiently populated sample and the basic
principles of performance generation remaining constant actbssrange of weight classeg

may represent scoring fairneddowever,by definition t cannot beused asa measure of scoring
validity!
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5.1.3 LOESS®Iots

In contrast to thedistribution effectof methods depicted in bar charts, weeed to add
information on how much the methods affechverage scores across weight clasgsesach
performance band. This i® some extentindependent of how proportionally athletes are
allocatedto the performance band$y the different methods. It rather shows how comparable
the scores of theperformance levelsare across weight classes, within the method itself.
Assuming that large samples of data contain equally performing athletes from all weight
categories, average relative scores within a weight class should be the sanss atiraveight
classes.To check for this, we employpovel graphical methodsand statistics to objectively
quantify this feature of thescores and depict them IDROES$lots.

TheLOES®Iots used in the following sections consist of several layers of &&jare4: LOESS

plot with LOESSts for all performance bands (P10 to P10€d line3inY Sy Qa S|j dzA LILISR
press.First, we plot the relative score against bodyght for each method in a separate plot.

We then establish 10 performance bands based on the percegrilapingsof relative scoring

across the entire population, ranging from bottom %0 (P10) to top 1% (P100) in steps of

10% each. Performance bandse visually indicated by alternating intensities of light and dark

gray in the underlyingatapoint cloud.

(@]}
(0p))
<«

MEN.EQ.BP MEN.EQ.BP

50 100 150 200 50 100 150 200
Bodyweightkg BodyweightKg

Figure4: LOESSIot with LOESH#s for all performance Figure5: LOESSlot with addedP100 mean (dark blue
bands (P10 to P100@ed lineyinY Sy Qa S1j dzA line) and residuakrror of the LOES& against the
press. mean(light blue lines).

In the next step, layersof dots and lines aresuperimposedon the scatterplot Within each
performance band, thin black lines connect the meémkite dots)across weight classeShese
means are calculatefbr each subset of weight class and performance b&ualidcoloredlines
represent IDESSfits of average performancwithin the performance band acrogsodyweidnts.

Ideally, dots thin black linesand colored LOESSits would line up in a straight aridvel(!) line,
much like for most of the middle performant@ndsin Figure4. HoweverA y G KS OF aS 27F Y
equipped bench preswe observe asubstantiallyincreasing averag@/ilks score in the top 10%

! LOESSit is a type @ local regesson that is used to fit models to data for which no suitableerall

model is known. It fits linear or quadratic polynomials to local subsets of data and can accommodate data
distributions that do not comply with many other modeling assumptions (e. g. homogeneity of variance or
certain error distributions).
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of lifters as their body weight increaseBhis reflects some of the criticism brought up against
Wilks scoring, namelfavoring heavier liftersover lighterlifters in some of the competitions
While the means for each weight clagnd to tell that story to some extent, theQESSit is
more suible to inspect the scoring behavior of timethod across weight classes within a
certainperformance band

To quantify the deviation of the LOEfSrom an idealhorizontalaveragescoring result within
each performance band, we calate mean squared eviations of the LOESS prediction versus
the horizontal line representing the mean of the LOES®&I values(seeFigureb). Since this
deviation is dependent on theange of values of the specific scoring method, we normalize
these deviations to total scoring range, aadlculatepercentage valuesThis is done for each
performance bandand a final sum of the mean squared errors is calculatdtlis given inits
unweighted form in table below LOE§S8ots, andsummarizedn table9 on pages 41 & 42 he
less residual error a method creates, the better the method performdiancingthe average
scoring across weight classes.

5.1.4 Effect on best lifter rankings

We did not calculate effects of the methods on the best lifter rankifgsrecent IPF events, as
some of the authors did in their proposals. Such an apphanay be informative tpowerlifting
experts, but does not contain any information whiehables ugo evaluate the quality of the
method itself.The impact of the methodology on actual rankings is a pure consequence, and not
the originfor determiningvalidity or applicability Validity and applicability ardriven by the
criteriamentioned above.
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5.2 Comparisa of thescoringmethodologies
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TablelY {dzYYlFI NBE &aidl dradirda FT2N YSyQa OtlFaard oSyOK LINBaa

Wilks Author 2 Marksteiner Author 4
Distribution.? sum 829.96483 1014.02677 280.71897 772.38166
LOESS residual sum 2.06503 1.91810 1.70323 1.83663

al NJ & SAy @pdentstie SHapelofyfid underlying population bdst the distribution
of relative scoresLOES®sidualsumsindicate that Marksteiner scores are mdetvelacross all
performance band¢see table 1 & figure 8)

Figure 7 on the next pagaepicts LOES$lots with relative scoring across weight classes and
performance bands in MEN CL BP.
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Table2: { dzY' Y| N2 adlriradiardca F2NJ Yé)/Qé 0]
Wilks Author 2 Marksteiner Author 4
Distribution.? sum 300.97666 426.17741 333.56628 485.76790
LOESS residual sum 1.74409 151711 1.45324 1.86049

Wilks scoring represents the shape of the underlying population Westthe distribution of
relative scores in MEN.CL.RIOESS residual sums indicate that Kdiminer scores are most

levelacross all performance ban@see table 2, figures 10 & 11)
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Figurel2 depicts the fits ofAuthor 2and Marksteiner, sincAuthor 4only applies to PL

Table3:{ dzY Yl NB adl GdAadArAda FT2NJ YSyQa SldaALIISR 0SyOK LINBaa

Wilks Author 2 Marksteiner Author 4
Distribution.? sum 301.20240 135.44971 97.25360 317.10898
LOESS residusiim 4.58907 3.25171 2.85015 3.53149

Marksteinerscoring represents the shape of the underlying population &sthe distribution
of relative scoresLOESS residual sums indicate that Marksteiner scores ardawekdcross all

performance band¢see table 3, figures 13 & 14)
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Table4:{ dzY Yl NBE adlF dAadGA0a F2N) YSyQad SljdzA LILWISR LIR2eSNIAFIAY 3

Wilks Author 2 Marksteiner Author 4
Distribution.? sum 110.66918 105.93518 109.36967 148.15791
LOESS residual sum 3.12461 2.15964 2.42705 2.72819

Author 2scoring represents the shape of the underlying population besthe distribution of
relative scores LOESS residual sums indicate tAathor 2 scores are mostevel across all

performance band¢see table 4, figures 16 & 17)
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Table5: { dzYYI NB &aidl GAadiAada F2N s2YySyqa Oflaaro

Wilks Author 2 Marksteiner Author 4
Distribution.? sum 551.38732 190.66368 171.41021 148.97693
LOESS residual sum 2.02875 1.60337 1.73783 1.80993

For the distribution of relative score8uthor 4 scoring represents the shape of the underlying
population best. LOESS residual sums indicate Ahdhor 2 scores are moslevel across all

performance band¢see table 5, figures 19 & 20)
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Table6:{ dzY Yl NBE adl dAadAOa F2N) 62YSyQa Ot aaA0 LReSNIAFIEAY 3

Wilks Author 2 Marksteiner Author 4
Distribution.? sum 654.80202 158.34773 131.90024 119.80617
LOESS residual sum 2.35176 1.95914 1.97693 2.05277

Author 4Q gcoring represents the shape of the underlying population fasthe distribution of
relative scores LOESS residual sums indicate thathor X2 &cores are moslevel across all
performance band¢see table 6, figures 22 & 23)
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Table7:{ dzY Yl NB adlF dA&d0GA048 F2N) 62YSyQa SljdzA LIWISR 068y OK LINBaa
Wilks Author 2 Marksteiner Author 4
Distribution.? sum 81.33261 75.43078 80.69093 64.24433
LOESS residual sum 3.33638 3.71272 4.39898 3.74472

Author 4Q gcoring represents the shape of the underlying population fasthe distribution of
relative scores LOESS residual sums indicate théilks scores are mostevel across all

performance band¢see table 7, figures 25 & 26)
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Table8:{ dzY Yl NBE adlF dA&d0GA 04 F2N) 62YSyQad SljdzA LIWISR LIR2GSNIAFIAY 3
Wilks Author 2 Marksteiner Author 4
Distribution.? sum 115.85353 68.72911 70.62033 75.31854
LOESS residual sum 3.68307 3.26856 3.37255 3.02682

Author 22 gcoring represents the shape of the underlying population basthe distribution of
relative scores LOESS residual sums indicate thathor 42 &cores are moslkevel across all

performance band¢see table 8, figures 28 & 29)
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