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One of the key roles of sports science is to improve training methods. This scope also in-

cludes evaluating the training methods in question, which involves sports scientists using 

findings and methods from multiple other scientific disciplines such as natural sciences, 

social sciences and sports medicine. For example, experiments involving before-and-af-

ter design are conducted, experimental groups compared with control groups, diagnostic 

performance tests applied, physiological parameters obtained, and finally, the data is sta-

tistically evaluated.  

But whatever methods are used to conduct a sports science study – ultimately, the re-

sults must always meet the same scientific quality criteria, namely objectivity, reliability, 

internal validity, content validity, external validity and replicability. Failure to meet these 

quality standards may mean a study has little informative merit – or even zero in extreme 

cases. With this in mind, the current white paper describes the key quality standards of a 

sports science study and illustrates them using practical examples.  
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Even in performance sport, training methods often center on the years of sporting or play-

ing experience of a coach. In other words: You train in a specific way because that’s what 

you’ve always done. However, there is often no empirical proof of the effectiveness of 

these training methods. Conversely, the same also applies for a whole host of new train-

ing methods. The fact that a particular method may be in vogue is far from confirming that 

it outperforms more conventional approaches. In pro-level sport above all, where the 

overall level of performance is so high that optimizing the fine details and nuances is con-

sidered key to gaining a decisive performance boost and competitive success, those in-

volved build on training science as a sub-discipline of sports science.  

Training science focuses on the subject of sports training, performance and competition. 

The intention is to find and optimize training methods that allow enhanced sporting perfor-

mance. Training science is interdisciplinary by nature and taps into findings and methods 

of multiple other scientific disciplines, including natural sciences, social sciences and 

sports medicine. For example, it lends itself to monitoring the success of performance di-

agnostics and embraces a field in which psychology – as well as one of its sub-disci-

plines, namely differential psychology, has developed an exceptionally comprehensive 

and powerful arsenal of test methods 

(– the fact that psychology centers on measuring intellectual achievements such as intelli-

gence or concentration, whereas sport focuses on physical performance, is irrelevant 

from a theoretical test perspective). 

To confirm the effectiveness of a specific training method, training science borrows cer-

tain social science approaches. For example, an experiment is performed using perfor-

mance diagnostics and two measurement points (before and after) as well as the training 

method used between these measurements. Alternatively, it may involve comparing two 

groups of athletes who train using different methods (experimental group versus control 

group). It operationalizes performance using suitable parameters (e.g. required times, 

distances or heights obtained in meters, frequencies, e.g. in the form of strikes, goals or 

errors) and turns it into data that is then analyzed using statistical methods.  

But regardless of which method a sports scientist uses to evaluate training methods and 

the study design and assessment method they opt for – at the end of the day, the results 

still have to meet the same scientific quality criteria, namely 

 Objectivity 

 Reliability 

 Internal validity 

 Content validity 

 External validity 

 Replicability 

If these quality standards are not adequately met, a study’s informative merit is restricted 

– and in extreme cases even zero. With this in mind, the current white paper describes 

the key quality standards of a sports science study and illustrates them using practical ex-

amples. 
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Objectivity is said to apply to a measuring method when the results obtained with said 

method are not influenced by the person applying the method (Klein et al., 2012). For ex-

ample, if there are two different test leaders, it is important to ensure that both behave in 

the same way toward the test subjects and e.g. issue identical instructions. Otherwise, 

there would be scope for certain test subjects to indirectly glean useful tips from the way 

in which a test leader explains the task at hand and others not, or for the accuracy and 

clarity of the task instructions to vary. To maximize the objectivity of application, it is thus 

advisable to ensure that the same test leader instructs all test subjects. Sometimes, it 

may also be helpful to issue instructions in writing, and whatever the circumstances, en-

suring proper training and readiness for the test leaders or investigators is a must.  

Problems with the objectivity of application may also occur when applying measurement 

technology. In a heart rate monitor including an EDA sensor (= GSR sensor), which is 

used to measure electrical skin conductance (= electrodermal activity) as a parameter in-

dicating the degree of sweating, as well as stress and agitation, the measurement result 

also depends on the pressure with which the sensor is applied to the skin. If different test 

leaders apply wristbands to individuals with varying levels of tightness, this will lead to 

measurement deviations.  

Moreover, evaluation objectivity must also be stated when analyzing actual performance 

or recorded data. Evaluation objectivity is always considered critical in circumstances 

where performance cannot be reduced to simply assessable variables, such as linear 

measures, times or frequencies, but instead, complex motion sequences have to be as-

sessed during gymnastics, figure skating or boxing, where judges award scores. Simi-

larly, behavioral analyses such as the style of play employed by a soccer team must re-

main impartial no matter which judge analyzes the playing style in question. The point 

from which a team losing the ball is assessed as a misplaced pass, or a ball heading in 

the direction of the opposing goal is classed as a shot on target, is more complicated in 

practice than it may seem at first glance. The rules for coding the observed behavior must 

therefore also be correspondingly precise in order to ensure objectivity. 
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There is often scope to check how objective a specific measurement method is and ex-

press it in figures. There is a range of statistical measures available for this purpose. For 

example, figure skating: The ISU scoring system for figure skating and ice dancing uses a 

10-stage evaluation scale for each program component of a performance. This involves 

multiple judges evaluating the performances of all those taking part and generating a data 

matrix for each program component in the process, which has as many columns and 

rows as the number of judges and participants respectively. Needless to say, judges 

never score in absolutely uniform fashion, but have opinions that differ. When calculating 

a Cronbach’s Alpha, a so-called reliability analysis can be used to determine a single fig-

ure that then sums up the level of consensus among the judges: A value of 0 means that 

the judges have completely different views and their judgments are seemingly made at 

random; 1 means that they reach full consensus with their judgments. The following can 

be considered a rule of thumb: A Cronbach’s Alpha of > 0.9 is excellent, > 0.8 good, > 0.7 

acceptable, and > 0.6 questionable, while anything below these figures is considered 

poor (George & Mallery, 2002). By calculating the coefficients of discrimination, this relia-

bility analysis can also reveal at a glance which judges agree with the overall score of all 

judges and to what extent. This is calculated in each case by correlating the scores of a 

specific judge with the overall score of all judges (= group standard). This makes it easy 

Figure 1: In figure skating, judges assess performance by awarding scores.  
Statistical methods allow checks to be made on the degree of consensus among  
the judges and to what extent objectivity of analysis is assured. 
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to spot any judge who has a completely different view or gleans other findings from a suc-

cessful performance than the majority of remaining judges. This becomes clear when the 

scores of the judge in question correlate only weakly or even not at all with the overall 

score.  

Other decisions in sport use categorical judgments, e.g. foul or non-foul, offside or on-

side, instead of a gradual increments on a scale. Likewise here, different judges can 

come up with different results. Here, it is also easy to calculate the degree of consensus 

between two judges (= inter-rater reliability). The preferred statistical measure for han-

dling categorical data in this case is the so-called Cohen’s Kappa (Cohen, 1960; Landis & 

Koch, 1977; Bortz, Lienert & Boehnke, 1990), which expresses the extent to which two 

judges agree as a figure between 0 and 1. The so-called Fleiss’ Kappa (Fleiss, 1971; 

Fleiss, 1981) can be used to calculate the correlation among more than two judges. 

Kappa values are interpreted in a manner similar to Cronbach’s Alpha values (see 

above). 

Although statistical software can be used to facilitate such analyses with minimal effort 

and just a few mouse clicks, this approach is virtually unheard of in practice for sports sci-

entists, perhaps reflecting their lack of methodical awareness of the problem. This comes 

as no surprise, however, since the characteristics and behavior patterns measured in 

sport lend themselves more to objective and accurate measurement than other disci-

plines (e.g. psychology). With that in mind, sports scientists see little value in addressing 

the complicated topic of measurement methodology.  

 

 

 

 

 

 

 

 

 

 

 

Even for those disciplines in which simple variables like linear measures or times are 

measured, measurement results will not necessarily be objective. Example: Although 

times for a 100 meter-sprint may be measured with a stopwatch, this measuring device is 

still manually operated. Depending on how the stopwatch is started and stopped by 

pressing a button, the time measured will deviate from the time actually required for the 

runner to cover the distance. This can be shown by giving a stopwatch to each of two ob-

servers and asking them to independently record the runs of 50 athletes, for example. For 

each run, the two measurements would vary slightly. When the disparity for each run be-

comes apparent, the influence of the measurement process itself is clear. The average of 

these cumulative differences represents the inaccuracy expressed as a single figure. If 

the influence of those conducting the measurements looks set to distort the variables to 

Figure 2: As long as technical measuring devices are manually operated, objectivity 
is impossible to guarantee. 
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be measured to a considerable extent, measures should be taken to mitigate this impact. 

Options could include training test leaders, or possibly even eliminating the human factor 

from the measurement process entirely. For example, if there is scope to measure times 

using a light barrier, this would eliminate the need for manually operated stopwatches 

and solve the objectivity problem. 

 

 Reliability indicates the degree of accuracy (= precision) of a measurement method 

(Bortz & Döring, 2006). Every measurement, however, is also associated with a measure-

ment error. The smaller this measurement error, the greater the reliability. The great thing 

about reliability is that – unlike internal or external validity – it can be quantified. This is 

because when the same thing is measured twice, the same result should also be reached 

twice. Practically speaking, though, this does not always happen. 

 

 

 

For example, if you use a heart rate monitor to draw conclusions about the heart rate or 

heart-rate variability of an athlete, the value thus measured will always be prone to error, 

to a greater or lesser extent. There is scope for error right at the start, since a photople-

thysmography sensor (PPG, the red light, which illuminates the skin), which is worn on 

the wrist, cannot measure as precisely, for example, as ECG sensors taped onto the 

chest as part of a medical device. Evidence for this can be found using a so-called paral-

lel test, whereby an athlete on a treadmill wears a wrist-mounted heart rate monitor and 

also records ECG data with a medically approved device. In this case, the medical device 

acts as a benchmark reference (Mell, 2010). The correlation between the series of data 

recorded by a heart rate monitor (over time) with the heart rate data recorded by a medi-

cal device thus constitutes a variable indicating the degree of reliability of the heart rate 

monitor. Although the ideal value is a correlation of 1, a minimum value of 0.7 should be 

targeted at all times.  

Figure 3: The accuracy with which heart rate monitors measure bodily functions like 
heart rate is limited at best. An ECG is a more reliable alternative. 
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Note also that heart rate monitors from different manufacturers, despite using the same 

PPG sensor, will never measure with equivalent accuracy, since the analysis algorithms 

incorporated into each of the heart rate monitors vary. To prove this, two different heart 

rate monitors can be worn by the same athlete on the wrist. Here too, the data series will 

never return a value of 1, but a far lower figure, depending on the heart rate monitors 

used. 

 

However, the problem of limited accuracy goes beyond purely technical matters. Meas-

urement errors are an issue when the measurement procedure itself is conducted, as the 

example of a sports aptitude test clearly shows. Such aptitude tests (e.g. for admission to 

sports studies) are intended to help define how an individual performs over a range of 

disciplines. The issue to overcome is that we can only observe and thus measure the be-

havioral patterns of a person, not their actual performance. Shot putters, for instance, do 

not throw the shot the same distance for every attempt, since random factors also impact 

on each throw. Accordingly, making conclusions about the performance of a shot putter 

after observing a single attempt would be very inaccurate, i.e. less reliable. This can be 

shown by allowing 50 athletes two shot put throws each and measuring the distances 

achieved (= retest reliability). What this gives us is a data matrix with 50 rows and 2 col-

umns. Finally, the correlation between these two columns is calculated. In practice, how-

ever, this is never 1, but perhaps 0.5 to 0.8 – the more similar the performance level of 

the athletes and the greater the random factor, the lower the figure. Of those athletes who 

achieved one of the top 10 best attempts in the first round, only perhaps 4 or 5 would re-

main for the second. This effect is known as regression towards the mean – and intensi-

fies as the effect of chance has more impact on a measurement (Bortz & Döring, 2006). 

One way to diagnose the performance of shot put attempts more reliably, however, would 

be to increase the number of measurements. For example, each athlete receives 10 at-

tempts, since redundant measurements increase reliability. Either the best attempt of a 

candidate (= maximum value) or the average value is then evaluated. Determining the 

range in this manner allows more reliable conclusions to be drawn about the performance 

of an athlete in this discipline than if assessing an individual throwing distance.  

Figure 4: Chance plays a role in the distance achieved during each shot put attempt, not just the perfor-
mance of the relevant athlete. This lowers measurement reliability, but it can still be kept under control 
if the right measurement method is used. 
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Validity generally means how valid something is. It specifies whether a measuring 

method is measuring what it is supposed to measure. Internal validity relates to the ques-

tion of how well an investigation is able to control significant disruptive variables. An in-

vestigation is therefore internally valid if its results can be interpreted in only one way 

(Campbell & Stanley, 1963; Cook & Campbell, 1979).  

 For example, when measuring a specific motor skill, such as the speed of an athlete, is-

sues to be resolved include the problem of other motor skills impacting on speed (power, 

endurance, agility or coordination). The goal must therefore be to configure the test 

method in such a way as to eliminate these other influencing factors as far as possible. If 

this is not done, when recording a lower-than-expected speed, it could actually be at-

tributable to a lack of endurance, rather than deficits in speed itself. This is known as a 

confounding of the two variables involved. In this case the result would no longer be 

clearly interpretable and the measurement would be internally invalid.  

 

 

 

 

 

 

 

 

 

 

 

 

Other interfering factors can also distort the measurement of motor skills, for example 

warming of muscles, emotional arousal, physical fatigue or ambient conditions such as 

wind or temperature. So the following rule of thumb applies to prioritizing the elements in-

volved when planning a series of motor tests: (1) Technique always prevails over other 

elements, (2) complex technical issues prevail over simpler issues and, in order of prior-

ity, (3) technique, speed, power, endurance.   

Figure 5: Hurdling depends on a range of factors, including speed, endurance, agility, 
and coordination. To measure the individual motor skills involved properly, sufficient 
account has to be taken of the interactions between them. 
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Content validity (also known as face validity, appearance validity, or logical validity) is 

given when whatever you actually want to measure is exhaustively captured by the meas-

uring method in its most important aspects (Bortz & Döring, 2006; Rosnow & Rosenthal, 

2007).  

For example, to be approved for admission to police training, one prerequisite is to pass a 

sports aptitude test. This reflects the fact that a police officer should be physically fit 

enough to apprehend an escaping fugitive. Nevertheless, opinions may differ widely on 

just which specific physical skills are important and should be included as part of an apti-

tude test. Should it include swimming? Or so-called “timed box tests” (http://www.sport-

test-polizei.de/)? 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nowadays, a whole range of statistical variables are also used to measure the perfor-

mance of a soccer team (including distance covered per player, number of shots on goal, 

corner kicks, possession or the share of tackles won). Opinions may also differ on how 

significant these figures really are. There is a difference, for instance, based on whether 

possession is mainly retained in the half of the holding team or that of the opposing team. 

Ultimately, the content validity of a measurement – its reliability for example – cannot be 

backed up using statistical indicators, but only in terms of content, via argument or by the-

ory. Any verdict on the validity of content is thus best left to experts in the respective field. 

Moreover, given the range of perspectives from which experts often view a situation, the 

scope will always include differences of opinion and debate. 

  

Figure 6: “Timed box tests” – included in the sports test for 
admission to police training. Picture source: Main-Post 

 

http://www.sporttest-polizei.de/
http://www.sporttest-polizei.de/
http://www.mainpost.de/regional/main-spessart/Arbeitsagenturen-Ausbildungsplaetze-Berufswahl-Mittelschulen-Realschulen;art772,8571392
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A study has external validity if its results can be generalized beyond the particular condi-

tions of the study situation. In this context, a distinction is made between two forms of 

generalization – namely, generalization about people and situations (Hager & Wester-

mann, 1983; Cook & Shadish, 1994).  

If the results are to be generalized beyond the people specifically investigated in the 

study, the random sample of test subjects must be representative. If, for example, you 

limit the scope of an investigation into the effectiveness of a specific training method to 

students alone, given the ease of recruiting them, it is virtually impossible to transfer the 

results to other groups of persons, e.g. performance athletes, given the very different 

physical condition of the latter. Generally speaking, the lower the representativity of the 

random test subject sample studied, the lower its external validity.  

If there is scope to generalize the results over and above the specific situation under in-

vestigation, for example, this presumes that athletes in a training situation in which the 

success of a particular training method is measured behave in precisely the same way 

(namely engaging in the same patterns of movement) as they would during competition. 

However, when other factors not emerging in standard training come into play during a 

competitive situation and influence behavior (e.g. nervousness or excessive focus on op-

Figure 7: Ball contact ranking as an example of the proliferating number of statistics available in soc-
cer. Note that not all numerically quantifiable factors necessarily shed light on performance or even 
sporting success. 
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posing players), this renders the study test situation less relevant for competition. Gener-

ally speaking, the less authentic and practically relevant the study conditions, the lower 

the external validity. 

Another important term is criterion validity, which is based on the relationship between 

the results of a test method and an empirical criterion deemed to be decisive. One rele-

vant example would be when specific training methods impact on specific motion se-

quences or physiological parameters, which can also be effectively measured using rele-

vant (i.e. internally valid and reliable) methods. That said, sport often involves the differ-

ent goals – success for instance. When a soccer coach sets out to improve the fitness of 

his team through intensive conditioning training, he is not doing this to increase the num-

ber of kilometers covered by each player, but to win matches. In this case therefore, the 

criterion determining the effectiveness of the conditioning training would be the number of 

points gained or the place in the table at the end of the season. Is the end-of-season po-

sition in the table higher after the introduction of the training compared to the previous 

season before said training was introduced? Do teams adopting these training methods 

generally gain more points than those who do not?  

Even so, however plausible it may seem to cite sporting success as a decisive criterion in 

this case – the approach is not without its downsides: This is because competitive suc-

cess depends on numerous factors (= multiple causes). Moreover, these factors are fluid, 

since soccer teams differ from each other in many other ways, not merely in terms of con-

ditioning training. Even for a single team, many aspects will vary between two different 

seasons. From a methodological perspective, these factors are all confounding variables, 

when the goal is to analyze the influence of a specific variable such as conditioning train-

ing. This also makes it more than likely that the positive impact of a specific soccer train-

ing method on sporting success cannot be scientifically proven. Any resulting fringe bene-

fit is simply lost in the mass of other confounding variables.  

With this in mind, more abstract criteria are preferable to evaluate the effectiveness of 

training methods, such as the distance covered by a player or physiological performance 

parameters in conditioning training. While this may boost internal validity, it has a nega-

tive effect on external validity – after all, soccer is not a long-distance run. And even so, 

confirming that conditioning training leads to performance benefits still offers no guaran-

tee of more wins for a team as a result. What we have is a typical conflict of objectives: 

External validity tends to come at the expense of internal validity – and vice versa – and 

so the aim should be to optimize both quality criteria at the same time. Nevertheless, it re-

mains an ideal, and we invariably have to settle for a compromise (Bortz & Döring, 2006).  

When the observation or measurement influences the behavior being observed or meas-

ured and therefore the data gathered, this is referred to as reactivity. This reduces exter-

nal validity. Reactivity is therefore a negative criterion. In observation studies, this phe-

nomenon has been referred to for almost a century as the Hawthorne effect (Roethlis-

berger & Dickson, 1964). This theory states that the participants of a study will change 

their natural behavior because they know that they are taking part in a study and that they 

are being observed. In the sporting world, for example, this means that study participants 

focus on and perform the movement patterns requested by the coach. By nature, how-

ever, the movement patterns involved are automatic, meaning they do not require any 

more conscious effort to perform, once learned and acquired. 

For sports scientists, reactivity is thus deemed to apply when those study participants in 

training show movement patterns that have been newly learned but are not fully intuitive 

with enhanced cognitive control, precisely at the times when they know they are being 

observed, but subsequently revert to their familiar movement pattern. It may also be that 
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they strive harder overall when they know their performance is being measured. Conse-

quently, they are able to deliver a higher level of performance overall, but one which is 

not necessarily related to a specific movement pattern (namely with the independent vari-

able of the study).  

This tendency towards reactivity can be mitigated by concealing means of observation of 

measurement, so that the athletes are unaware – where feasible – or by drastically ex-

tending the duration of behavioral observation, since the longer the period, the harder it 

gets to keep “pretending”. Reducing reactivity in this manner boosts the external validity 

of a study. 

 

Replication is the repetition of a study under identical or very similar conditions. If, for ex-

ample, a study on the performance-boosting effect of a specific training method is re-

peated on a new sample of participants with a physical condition equivalent to the partici-

pants in the first study, and the results obtained are identical or very similar to those of 

the first round, any conclusions drawn from the study are significantly more robust than if 

there had been no such repetition. However, if it proves impossible to replicate the results 

despite establishing a level playing field, the study is deemed non-reproducible. This also 

points to the fact that in the process of implementing or assessing the studies in question 

– even the first time around – certain interfering variables have distorted the result, e.g. a 

lack of objectivity, unreliable measurements, uncontrolled interfering variables (namely a 

lack of internal validity) or even errors in the course of statistical data analysis.  

The tenet that scientific study results must be reproducible is a fundamental principle of 

science. If results from other independent researcher groups prove impossible to repro-

duce or are contrary, there will be no scope over the long run to draw any conclusions 

from such studies.  

There is generally significant room for improvement in terms of the reproducibility of so-

cial science studies, and a lively debate among the scientists involved has emerged, par-

ticularly in recent years, as to why and what can be done in response (Francis, 2012; 

Pashler & Harris, 2012; Giner-Sorolla, 2012; Ioannidis, 2012). There is every chance that 

this problem will affect most sports science research.  

Genuine replication studies are very rare in sports sciences. As a general rule, while 

questions or even training methods may be identical, it is not usually possible to replicate 

the entire study context, which has a significant impact on the result (Makel, Plucker & 

Hegarty, 2012). There is also a lack of incentive to repeat the studies of other research-

ers in an identical manner as well as to critically examine one’s own findings (Koole & 

Lakens, 2012). 
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The criteria described are the quality standards for all types of scientific investigations 

and do not just apply to sports science studies. All criteria are important. As such, no sin-

gle criterion or groups of criteria should be neglected. In practical situations, however, 

such an ideal is hard to achieve because optimizing one criterion often leads to a deterio-

ration of another. Maximizing internal validity, for example, commonly leads to a reduction 

in external validity and vice-versa. Rather than acting as a deterrent, however, this should 

be an incentive to obtain the best possible results from given circumstances.  

All of these quality criteria are not demands made by academics in ivory towers with an 

inclination for idealism and a methodical, know-it-all approach. Rather, they all serve the 

same purpose, namely finding the truth, i.e. identifying actual cause-effect relationships 

between certain training methods and sporting performance. In such an applied and prac-

tice-oriented field as sports sciences the practical benefit of transparent methodology be-

comes particularly evident, because this is what makes the findings really convincing and 

reliable. Using an evidence-based approach with new training methods allows us to sort 

the wheat from the chaff and ensures that new training systems are actually more effec-

tive than the older, more conventional ones. In performance sports, where optimizing de-

tails is all-important, sports science plays a particularly central role and can be the crucial 

factor for sporting success.  
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In addition to development, manufacturing and distribution of measurement & 
analysis systems for behavioral research and optimization of human-ma-
chine-interaction, Ergoneers also offers comprehensive expertise in each 
phase of your study. 

Our product portfolio primarily comprises of the 360-degree solution - D-Lab; 
an extensive software platform for capturing and analyzing human behavior. 
With its different software modules you can synchronously measure and ana-
lyze eye-tracking, data stream, video, audio, physiology and CAN-Bus data. 
With the Dikablis Eye-Tracking system, Ergoneers provides the best hard-
ware for professional Eye-Tracking studies in real or virtual environments. 

 

 

 

Ergoneers Group 

Gewerbering 16 

82544 Egling 

Germany 

 

T +49.8176.99894-0 

F +49.8171.99894-15 

 

Ergoneers of North America, Inc. 

111 SW 5th Ave 

Suite 3150 

Portland, OR 97204 

USA  

 

T +1.503.444.3430 

 

info@ergoneers.com 

www.ergoneers.com 

 


