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Abstract 24 

Purpose: In 1979 Vern Seefeldt postulated that individuals that did not achieve a 25 

given level of proficiency in the fundamental movement skills (FMS) would be limited 26 

in performance on new and more complex skills during development. This hypothesis, 27 

the proficiency barrier, inspired research in motor development but, to the best of our 28 

knowledge, was never empirically tested. The present article tested three potential 29 

mathematical functions (linear, sigmoidal and piecewise) describing the proficiency 30 

barrier relating FMS with a transitional movement skill (TMS, a more complex 31 

movement skill). Methods: 87 children aged 7 to 10 years were tested on six skills of the 32 

TGMD-2 test battery (running, hopping, leaping, kicking, catching and stationary 33 

bouncing) and dribbling (a combination of running and stationary bouncing). Results: 34 

The results showed evidence for the proficiency barrier based on a specific sigmoidal 35 

relation. We also identified critical movement aspects from FMS that seem to induce this 36 

relation. Conclusion: There is some evidence supporting Seefeldt’s Proficiency Barrier. 37 

 38 

Keywords: sport skills; motor performance; motor development.      39 
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Testing Seefeldt’s Proficiency Barrier 41 

 42 

It is generally accepted, within the Motor Development literature, that for an 43 

individual to learn a given set of skills, he/she must learn/experience another set of more 44 

basic skills (Clark & Metcalfe, 2002; Gallahue, Ozmun, & Goodway, 2013). Hence, the 45 

posited sequential phases – from fundamental movement skills (FMS), to transitional 46 

movement skills (TMS), and then sport-specific skills (Seefeldt, 1979; Wickstrom, 1977). 47 

The FMS (e.g., throwing, kicking, running) are common motor activities without imposed 48 

specific performance goals, and are considered the building blocks of more complex and 49 

specific skills optimized for a given context (Wickstrom, 1977).  TMS are 50 

advanced/refined versions or combinations of FMS (e.g., rope skipping, foursquare, 51 

dribbling) that, with further specification, can be applied into sport-specific contexts (e.g., 52 

dribbling in the handball, dribbling in the basketball) or dances in a particular way 53 

(Seefeldt, 1979).  54 

In 1979, Vern Seefeldt postulated that if children did not reach a minimum of 55 

proficiency in FMS, they would fail to acquire transitional and sport-specific skills, i.e., 56 

they faced a “proficiency barrier”. Seefeldt (1979) addressed children’s motor 57 

development within the framework of movement patterns analysis, discussing how, 58 

through development, children become more efficient in biomechanical terms. Thus, for 59 

him, a certain degree of efficiency (heretofore, proficiency) was necessary on the 60 

movement patterns of FMS for one to start the process of TMS acquisition. Although this 61 

view has received attention in recent studies (e.g., De Meester et al., 2018; Stodden, True, 62 

Langendorfer, & Gao, 2013)1, the proficiency barrier was, to the best of our knowledge, 63 

never empirically tested. This is the goal of the present paper.  64 

Recent studies extended the idea of the proficiency barrier to link FMS proficiency 65 

to physical activity (De Meester et al., 2018) and health-related fitness (Stodden et al., 66 

2008, 2013). In general, it was found that individuals with better outcomes on their FMS 67 

are more physically fit and tend to meet physical activity guidelines. However, although 68 

Seefeldt and others (Branta, Haubenstricker, & Seefeldt, 1984; Hamilton, Goodway, & 69 

Haubenstricker, 1999; Haubenstricker & Seefeldt, 1986; Seefeldt, 1979) addressed the 70 

need for individuals to engage in systematic physical activity practices, their focus was 71 

mainly on successful skill acquisition (Haubenstricker & Seefeldt, 1986; Seefeldt, 1979) 72 

rather than health-related physical fitness benefits. Therefore, even though the proficiency 73 

barrier could be related to also achieving physical-activity guidelines, the proficiency 74 

barrier neither explicitly addresses this issue nor aimed at it. 75 

We contend that to meet Seefeldt’s (1979) characterization of the proficiency 76 

barrier, we need to link FMS proficiency levels (status of the movement pattern) with 77 

TMS performance. There are different ways that might capture the proficiency barrier 78 

 
1 This recent consideration of the proficiency barrier is best exemplified in the NASPSPA 2017 

session on Motor Development – Exploring Seefeldt's Proficiency Barrier.  



but, in our view, two requirements have to be met.2 The first is that FMS proficiency does 79 

not specify (i.e., determine) TMS proficiency levels, but rather that below a given 80 

threshold of FMS proficiency (the proficiency barrier) there is a low TMS proficiency 81 

maximum value that individuals do not exceed. The second is that above the proficiency 82 

barrier, FMS also do not specify TMS but rather allow maximizing skill performance, 83 

i.e., one needs to practice in order to demonstrate the TMS mature movement pattern. 84 

Figure 1 shows four possibilities that capture the requirements to assess the 85 

proficiency barrier described above. These possibilities also illustrate what is not pre-86 

established about the proficiency barrier. The first non-established parameter is how the 87 

potential maximum of TMS is achieved given FMS proficiency changes. This is of 88 

relevance as some might posit that individuals must achieve mature movement patterns 89 

on FMS to be able to achieve maximum proficiency on TMS (Figures 1.c and 1.d). 90 

However, this might be unnecessary. Seefeldt postulated that only some aspects of the 91 

movement (e.g., coordination between elbow extension and release of the ball in 92 

throwing) would be the required components (“critical antecedents”) to be attained to 93 

permit learning of the TMS. Thus, individuals could have acquired the critical antecedents 94 

of the FMS to perform the TMS, even if they did not display proficiency on the FMS. In 95 

this way, above a proficiency level (proficiency barrier) the acquisition of the most 96 

efficient pattern on TMS would be possible (Figures 1.a and 1.b).  97 

Another non-established parameter is how the potential minimum on TMS 98 

changes as a function of FMS. Although available literature agrees that FMS (e.g., 99 

stationary bouncing) must be modified when considered in conjunction to other skills 100 

(e.g., dribbling) (Tani et al., 2014), we do not yet know how to determine the degree of 101 

transfer from one situation to the other (Barnett et al., 2016). It could be that there is no 102 

transfer, just the barrier (Figures 1.a and 1.c), or there is transfer and it is either constant 103 

(Figure 1.b) or proportional (Figure 1.d). All these possibilities are considered here given 104 

the manner in which transfer is observed is a matter of the scoring scheme (Holding, 105 

1976) and task constrains (see Newell, 1986; Pacheco & Newell, 2018) of both the 106 

learned skill (in our case, the FMS) and the new skill (in our case, the TMS). 107 

Additionally, it may be possible that the proficiency barrier does not exist (Figure 108 

1.e). One would still find a relation between FMS and TMS, but this would be continuous 109 

(no proficiency barrier). 110 

 
2  Seefeldt’ writings are not formal or directly testable as he offers a number of concepts or 

phenomena (some of which we are addressing here) without fully specifying/characterizing them. In fact, 

Seefeldt’ writings can be considered as directed to advertising, for physical education teachers, possible 

ways to evaluate and intervene, in broad terms. These two requirements described in the text are those that 

an attentive reader could extract from Seefeldt’s writings. 



 111 
Figure 1. Five schematic models relating FMS proficiency and TMS proficiency. Models (a)-(d) show a 112 
proficiency barrier – indicated by the arrow. Model (e) shows a relation without the proficiency barrier. 113 
The dashed-dotted lines represent the minimum and maximum of the TMS proficiency distribution (shaded 114 
area) given the TMS level. See text for more details. 115 

 116 

 117 

In this paper, we explore the relation between FMS and TMS proficiencies 118 

considering several features of Seefeldt’s suggestion. First, we address its specificity by 119 

exploring the relation between six FMS (running, hop, leap, bouncing, receiving, and 120 

kicking) and one TMS (dribbling with hand) considering: (a) only the “basis” skills 121 

(running, bouncing), or (b) all six FMS. The former is predicted from Seefeldt (1979) 122 

postulation of specific critical antecedents. The latter is an instance of what has been 123 

termed as motor competence, i.e., “degree of proficiency in performing a wide array of 124 

motor skills as well as the underlying processes such as coordination, control and quality 125 

of movement” (Bardid et al., 2019, p. 311; Bardid et al., 2019b; Utesch et al., 2016). 126 

Second, we test which mathematical function best describes the relation between FMS 127 

and TMS proficiencies. Three mathematical functions are fitted to the data: linear, 128 



sigmoidal and piecewise linear. Further, we describe the maximum and minimum 129 

potential of the whole distribution in order to provide additional information on the nature 130 

of the proficiency barrier. Third, we investigate whether there are FMS specific 131 

components that, if not acquired, preclude higher levels of proficiency in TMS: the critical 132 

antecedents.  133 

 134 

Methods 135 

Sample 136 

All participants enrolled in grades 2 to 5 of primary school (5-10 years old) and 137 

taking part in mandatory physical education classes (twice a week), were invited to 138 

participate. However, only those with informed consent, dated and signed by their 139 

parents/legal guardians, were considered as participants. The inclusion criteria for 140 

participating in the study were not to have any physical and/or intellectual disability that 141 

could impair their response in all assessments. In total, 87 children of both sexes (44 boys) 142 

aged 7 to 10 years participated (30% of the total number of children). The project was 143 

approved by the University of São Paulo Institutional Review Board (CAAE: 144 

66020517.0.0000.5391). 145 

 146 

Procedure 147 

Fundamental movement skills. The data provided in the present study are part 148 

of a longitudinal research project that investigated the effects of different intervention 149 

programs on FMS, TMS and sport-specific skills performance over 2.5 years. The goal 150 

of this larger project was to compare specific (practice of the FMS) and general sessions 151 

(traditional PE classes) on FMS levels of proficiency. Therefore, we only used the FMS 152 

that were part of the general physical education program designed by the schoolteacher 153 

(six in total), namely running, hopping, leaping, kicking, catching and bouncing, and 154 

assessed these with the TGMD-2 test battery (Ulrich, 2000). In brief, this test battery 155 

comprises 12 fundamental movement skills (run, gallop, hop, leap, horizontal jump, slide, 156 

overhand throw, underhand roll, stationary dribble, striking a stationary ball, catch and 157 

kick) of children from 3 to 10 years of age, and results can be interpreted as norm-158 

referenced. Further, its validity and reliability has been consistently reported (see Eddy et 159 

al., 2020 for a systematic review of motor assessments). Each skill has 3 to 5 criteria 160 

scores that qualitatively assesses the movement pattern, and the scoring is based on 161 

achieving (1) or not (0) each criterion.  162 

The test administrator verbally instructed and demonstrated each skill to each 163 

child individually. If the child had no questions, he/she performed the first trial. If a 164 

different movement pattern was performed (e.g., instead of throwing the child performed 165 

a kick), verbal instruction and demonstration was repeated. When a clear understanding 166 

of the task was reached, each child performed two trials of the same skill (both scored). 167 

This procedure was repeated for all skills. The sum of the scores of both trials was used 168 

as performance measure, so that each child could reach a maximum of 46 points in the 169 

sum of all FMS and 16 points in the sum of running and bouncing. 170 

 171 



Transitional movement skill. The TMS was assessed using a checklist that 172 

assesses proficient performance on a basketball dribbling skill. This test showed high 173 

validity (φ = 0.85 ± 0.05), reliability (κ = 0.77), as well as intra- (κ = 0.82) and inter-rater 174 

(κ = 0.77) objectivity (Santos, Pacheco, Basso, Bastos, & Tani, 2020). The dribbling test 175 

required participants to cover, as fast as possible, 18 meters in a straight line by running 176 

and bouncing the basketball with their preferred hand. The checklist has a total of nine 177 

qualitative binary criteria as in the TMGD-2 (see the Supplementary File for a description 178 

of running, stationary bouncing and dribbling criteria). In addition, the time to complete 179 

the task was also recorded. We chose this TMS because it combines running and 180 

stationary bouncing, i.e., two FMS, and the assessment protocol is similar to TGMD-2 181 

guidelines. 182 

FMS and TMS were recorded with a camera Sony HDR-PJ540 (60 Hz). In FMS 183 

analysis the camera was positioned approximately 5 meters away from the participant, 184 

and in TMS the camera was positioned at 6 meters from the 9 meters’ point of the path 185 

(18 meters). Subsequently all movies were analyzed with the aid of the Kinovea software 186 

8.15. Only one team member (the second author) rated all 87 children videos. A week 187 

later 20 children were re-rated (intra-rater agreement) in a random order using Cohen’s  188 

κ. For the FMS, assessed by TGMD-2, Cohen’s κ ranged from 0.75 in leap to 0.95 in 189 

dribbling a stationary ball. In dribbling, the intra-rater agreement was calculated for each 190 

component (nine in total), and Cohen’s κ ranged from 0.73 (component 9) to 0.91 191 

(component 6). 192 

 193 

Data Analysis 194 

Testing the specificity of FMS and TMS relation. For the first step, we 195 

illustrated the relation between three FMS sets (the sum of criteria of running and 196 

bouncing, the sum of criteria of all six FMS collected, and the sum of criteria of the four 197 

FMS that do not include running and bouncing) with the sum of criteria of dribbling. 198 

Also, we calculated simple and partial correlations (Spearman’s ρ) between two of the 199 

FMS sets and the sum of criteria in dribbling. Correlations were calculated in Matlab 200 

2019b using corr and partialcorr functions. 201 

 202 

Testing the function of the proficiency barrier. For the second step, we fitted 203 

three functions to the relation between the sum of criteria of running and bouncing to the 204 

sum of criteria of dribbling. The three functions fitted were linear (1), piecewise (2) and 205 

sigmoidal (3): 206 

𝑦 = 𝛼 + 𝛽 ∗ 𝑥     (1) 207 

𝑦 = {
𝛼 + 𝛽 ∗ 𝑥          if 𝑥 < 𝜀
𝛾 + 𝛿 ∗ 𝑥           if 𝑥 ≥  𝜀

    (2) 208 

𝑦 = 𝛼 +
(𝛽 − 𝛼)

(1 + exp (−
(𝑥−𝛾)

𝛿
))

⁄      (3) 209 

where y is the dependent variable (sum of criteria of dribbling), x is the independent 210 

variable (sum of criteria of running and bouncing), α, β, γ, δ, and ε are estimated 211 

parameters. For (1), α and β are the intercept and slope, respectively. For (2), γ and δ are 212 

also the intercept and slope but they are estimated for different domains given that the 213 



function is discontinuous at ε. In the present case, β is constrained to be zero to provide a 214 

flat curve below the proficiency barrier (as illustrated in Figures 1.c and 1.d). That is, the 215 

function would fit a flat line between FMS and TMS for values of FMS below ε (the 216 

proficiency barrier) and a different straight line for values of FMS above ε. For (3), α is 217 

the level of the TMS below the proficiency barrier and β is the level of FMS above the 218 

proficiency barrier. Also, γ is the transition point (the half-point of the proficiency 219 

barrier), and δ relates to the slope of the transition. That is, the function will show two 220 

flat lines of TMS as a function of FMS: one at α value, and one at α + β. These two levels 221 

are separated by a fast increase (at a rate of δ) at the FMS value of γ (the proficiency 222 

barrier) (as illustrated in Figures 1.a and 1.b).   223 

To fit these functions, Matlab 2019b fit function was used with the Nonlinear 224 

Least Squares method to estimate all parameter models. In addition, to estimate the ε 225 

value in equation (2), we used the Nelder Mead optimization method minimizing the 226 

Bayesian Information Criterion (BIC, Schwarz, 1974). The BIC is a measure that 227 

considers the explained variance and penalizes for the number of parameters that the 228 

function estimates to fit the data. Lower BIC reflects better fitting considering the number 229 

of parameters. To compare the functions, we also used the BIC given that these functions 230 

have different number of parameters. In other words, the three equations describing the 231 

proficiency barrier were compared in terms of their fitting (amount of data explained) but 232 

considering the number of parameters needed in each equation. 233 

For this second step, we also illustrated how the maximum and minimum of the 234 

dependent variable changed as a function of the independent variable. For this, we 235 

adapted the algorithm of van Geert & van Dijk (2002) to analyze longitudinal data for our 236 

cross-sectional data (see also Brakke & Pacheco, 2019). The algorithm starts recording 237 

the maximum of the dependent variable when the independent variable is at its lowest 238 

value. Next, it does the same for the next value of the independent variable. If the 239 

maximum did not change, the previous maximum value is recorded for this value of the 240 

independent variable as well; if the maximum does change, the new maximum is 241 

recorded. The procedure is repeated for all values of the independent variable. In this way, 242 

a vector of maxima in the dependent variable can be plotted against the independent 243 

variable vector. The opposite procedure is done for the minimum. In this way, for 244 

hypothesized positive associations, one can illustrate how the maxima and minima change 245 

as the independent variable increases or decreases (see Figure 3.d dotted lines). 246 

 247 

Identifying possible critical antecedents of dribbling. For the third step, we 248 

investigated which criteria of running and bouncing would predict the dribbling scores. 249 

For this, we first classified each individual’s proficiency: those who scored in a criterion 250 

in both trials of TGMD-2 were classified as proficient in that criterion (e.g., “nonsupport 251 

leg bent approximately 90 degrees”). Second, we performed a dimensionality reduction 252 

analysis to find common covariance between criteria. This was done with the Horn’s 253 

Parallel Analysis with tetrachoric correlations – a dichotomic version of principal 254 

component analysis – testing for “factors” (covariance patterns) that significantly 255 

explained the data when compared to shuffled data. The shuffled data were generated 256 

using random permutations of the real dataset. This was done using the 257 



pa_rule_polychoric_missing function (Garrido, Abad, & Ponsoda, 2013). We then tested 258 

whether there was a relation between the significant factors with the sum of criteria of 259 

dribbling. Simply put, we identified common factors that explained one or more criteria 260 

from the TGMD-2 in both running and bouncing to see if these common factors could 261 

explain the relation between FMS and TMS. 262 

To identify which criterion did relate to the dribbling scores, we evaluated which 263 

vector components (criteria) significantly contributed to the significant factors. In other 264 

words, we verified which criteria from TGMD-2 were captured by the significant factors 265 

found in the previous analyses. For this, we bootstrapped the previous analysis for 1000 266 

steps and identified which vector components showed a distribution significantly 267 

different from zero using the confidence interval built from the percentile bootstrap. 268 

As the identified factors relate to patterns of covariation, we also identified 269 

explicitly which of the factor components of both running and stationary bouncing are 270 

present (or not) in those above or below the barrier. For this, we plotted the data of those 271 

below the identified value of the barrier (from above analyses) and those just above the 272 

value to observe whether there are specific components separating the groups. Individuals 273 

with values of FMS above 14 to 16 were not considered in this analysis given that these 274 

subjects show all or almost all criteria; thus, these subjects become uninformative for the 275 

present purpose. We then observed which criteria from running and bouncing – from the 276 

factor estimated in the previous analyses – were observed for those above or below the 277 

proficiency barrier. 278 

 279 

FMS relation to movement product at TMS. Although Seefeldt was most 280 

concerned about the movement pattern that children could achieve in TMS given the level 281 

of FMS, one must also reveal how these movement patterns relate to movement outcomes. 282 

This extra analysis is necessary as the movement patterns have a redundant relation to the 283 

movement outcomes (Bernstein, 1967; Latash, 2000, 2012) and, thus, the proficiency 284 

barrier might be exclusive only for the movement pattern rather than its outcome. Thus, 285 

using the same fitting procedure of step 2 presented above, we tested the relation between 286 

movement pattern (considering sum of criteria for running and bouncing and the sum of 287 

criteria of dribbling) and movement outcome (the time that individuals took to accomplish 288 

the dribbling drill). This step was exploratory in nature as no a priori relation was 289 

expected. 290 

 291 

Results 292 

Specificity between FMS and TMS 293 

Figure 2 shows the relation between three FMS sets (sum of criteria of running 294 

and bouncing; sum of criteria for all FMS; sum of criteria for all FMS but running and 295 

bouncing) and the sum of criteria of dribbling. There is a clear positive relation between 296 

FMS and TMS considering the first two sets (Figures 2.a and 2.b) that disappears in 297 

Figure 2.c.  298 



 299 
Figure 2. Relation between FMS sets (a) sum of running and bouncing criteria, (b) sum of running, hopping, 300 
leaping, kicking, catching and bouncing criteria, (c) sum of hopping, leaping, kicking and catching criteria) 301 
and the TMS (sum of dribbling criteria). 302 

 303 

The correlation between running and bouncing with dribbling was significant 304 

(Spearman’s ρ = 0.64; p < .001) and was still significant when correcting for the sum of 305 

criteria for all FMS (partial correlation, ρp = 0.42; p < .001). Yet, results are not the same 306 

when correlating the sum of criteria for all FMS with dribbling because although its value 307 

is significant (ρ = 0.54; p < .001) the relation disappears when controlled by the sum of 308 

criteria of running and bouncing (ρp = 0.09; p = .397). Thus, these results support our first 309 

expectation that the relation between FMS and TMS is specific to the FMS that integrates 310 

the to-be-acquired TMS. 311 

 312 

Proficiency Barrier Function 313 

Figure 3 illustrates the fitting of the linear, sigmoidal and piecewise equations, as 314 

well as the minimum and maximum change as a function of FMS. 315 

 316 

 317 
Figure 3. Relation between the sum of running and bouncing criteria and the sum of dribbling criteria 318 
displayed by the (a) linear, (b) sigmoidal and (c) piecewise fitted models; (d) shows the maximum and 319 
minimum of the TMS distribution as a function of sum of dribbling criteria. 320 



 321 

Model fitting showed that the lowest R2 was from the linear function (R2 = 0.45, 322 

Figure 3.a) followed by the piecewise relation (R2 = 0.49, Figure 3.c) and sigmoidal 323 

function (R2 = 0.52, Figure 3.b). Similarly, BIC results revealed that the piecewise model 324 

showed the highest value (BIC=2.23), followed by the linear (BIC=2.20) and sigmoidal 325 

functions (BIC=2.17). Thus, the sigmoidal function captured the highest amount of 326 

variance even when controlling for the number of parameters. As such, it empirically 327 

supports the presence of a proficiency barrier.  328 

Observing the fitted parameters of the function – specifically γ, we see that the 329 

middle of the change in performance of TMS (when the proficiency barrier is passed) is 330 

located at a value of 12 criteria in the FMS (γ = 12.84). The TMS sum of criteria below 331 

the proficiency barrier is around α = 3.75 and its value increase to β = 11.42. 332 

 333 

Critical Antecedents of Dribbling 334 

Considering the proficiency per criterion of running and bouncing, Horn’s parallel 335 

analysis showed a single factor that explained the data significantly. This factor explained 336 

51% of running and bouncing variance in terms of all their criteria. Figure 4.a shows the 337 

distribution of contribution of each vector component to this factor from the bootstrap 338 

analysis. As shown, the 4th and 5th components (“nonsupport leg bent approximately 90 339 

degrees” in running and “contacts ball with one hand at about belt level” in bouncing) 340 

failed to reach significance in their contribution, whereas all other components 341 

contributed somewhat similarly to this factor. 342 

Figure 4.b shows the relation of this factor to the dribbling scores. As shown, 343 

despite the fact that this factor only accounts for 51% of the variance in the criteria set 344 

variance, this factor maintains the sigmoidal relation to the dribbling scores. Thus, it 345 

seems that this factor represents the critical antecedents for dribbling acquisition. 346 

 347 
Figure 4. (a) Criteria weighing distribution (probability density function, PDF) on the principal factor 348 
extracted from the Horn’s parallel analysis bootstrap procedure. White curves are significant contributions 349 
and gray curves are non-significant contributions. R1 to R4 and B1 to B4 are the running and bouncing 350 
criteria, respectively (see Table S1 in the Supplementary File). (b) Relation between the principal factor 351 
extracted from the Horn’s parallel analysis and the sum of dribbling criteria with an adjusted sigmoidal 352 
curve. 353 

 354 



Nevertheless, this factor describes patterns of covariation; we must be sure that 355 

these represent the critical antecedents of dribbling. Figure 5 shows the average frequency 356 

of these six components below (11 or less) and above (between 12 and 14) the proficiency 357 

barrier. Indeed, all six components increase in consonance. However, the components 358 

with low frequency of occurrence in the group below the proficiency barrier that increase 359 

in the group above the barrier are the first component from running (“arms move in 360 

opposition to legs, elbows bent”) and all three components of bouncing (“pushes ball with 361 

fingertips”, “ball contacts surface in front of or to the outside of foot on the preferred 362 

side”, “maintains control of ball for four consecutive bounces without having to move the 363 

feet to retrieve it”). All relate to coordination of the arms in running and control of the 364 

ball. 365 

 366 

 367 
Figure 5. Frequency (proportion) of individuals showing the six criteria (see Table S1 in the Supplementary 368 
File) with significant contribution to the Horn’s parallel analysis (a) below the barrier (individuals with 369 
FMS [sum of running and dribbling criteria] below 12) and (b) above the barrier (individuals with FMS 370 
[sum of running and dribbling criteria] above 11 and below 14). 371 

 372 

Relation Between Movement Process and Product 373 

Figure 6.a shows the relation between the sum of running and bouncing criteria 374 

and the time to complete the dribbling drill. Although a linear relation seems to be present, 375 

there are two individuals that clearly escape the expected relation (highlighted with filled 376 

circles as outliers). Figures 6.b and 6.c shows the relation between the sum of dribbling 377 

criteria and the time to complete the dribbling drill. As expected, the relation is more 378 

consistent (less variable around a trend), although individuals show a ceiling effect in 379 

drill-completion time above 8 criteria – there is no improvement in drill-completion time 380 

even for individuals with more proficient criteria. 381 

 382 



 383 
Figure 6. Relation between time to complete the drill (in seconds) and (a) the sum of running and bouncing 384 
criteria, (b)-(c) sum of the dribbling criteria. (a)-(b) also show adjusted linear curves. (c) shows an adjusted 385 
piecewise curve. 386 

 387 

We fitted only a linear trend between sum of running and stationary bouncing 388 

criteria and time to complete the drill as we did not distinguish any other possible trend 389 

in data (Figure 6.a) (R2 = 0.37). For the second relation (dribbling criteria and drill-390 

completion time), given the possibility of a ceiling effect, we compared a linear equation 391 

with a piecewise one between dribbling criteria and time (Figures 6.b and 6.c, 392 

respectively). As expected, the piecewise equation demonstrated a better fit (R2 = 0.65 393 

compared to R2 = 0.58). BIC concurred, showing a smaller value for the piecewise relation 394 

(0.71) compared to the linear function (1.21). Additionally, we found that the exact 395 

cutting point was around 9 criteria: those with 10 or more criteria did not decrease the 396 

time to complete the drill.  397 

 398 

Discussion 399 

For forty decades now, Motor Development researchers have considered that 400 

children who do not acquire the FMS to a level of proficiency would not be able to learn 401 

TMS and other more complex movement skills (Barnett et al., 2016; Clark & Metcalfe, 402 

2002; Hulteen, Morgan, Barnett, Stodden, & Lubans, 2018; Wickstrom, 1977). The 403 

proficiency barrier is grounded on the principle of interdependence between phases of 404 

motor development, but, to the best of our knowledge, it was never formally tested. This 405 

was the main goal of the present study. We discuss our results in a stepwise manner: first, 406 

we present evidence for all aspects of Seefeldt’s proficiency barrier; second, we compare 407 

our results with previous ones and also address the concept of a proficiency barrier and 408 

discuss necessary advances. 409 

 410 

Evidence for Seefeldt’s Proficiency Barrier 411 

The best mathematical function to describe the relation between FMS and TMS 412 

was the sigmoidal which provided evidence for the proficiency barrier.  Also, we found 413 

a strong support that the whole distribution of TMS performance changed as a function 414 

of the proficiency barrier. That is, the minimum and maximum performance for TMS 415 

increased after passing the proficiency barrier. This suggests that there is a degree of 416 

transfer from FMS to TMS – individuals who are above the proficiency barrier start 417 

learning the TMS at a higher performance than those who are below the proficiency 418 

barrier.  419 



A relevant aspect of these results was that the proficiency barrier was observed 420 

between the TMS (dribbling) and its specific composing variables (running and stationary 421 

bouncing) – a specific relation proposed by Seefeldt (1979) (see also Clark & Metcalfe, 422 

2002). As our results revealed, the development of more complex skills and inclusion of 423 

individuals in sport-specific contexts demand practice of core FMS rather than practice 424 

of a broad range of FMS. However, it is important to consider that the specific relation 425 

between FMS and TMS does not preclude the consideration of composite scores (e.g., 426 

sum of scores of all FMS) in describing children overall motor development. An 427 

individual that is proficient in many FMS will have an advantage to learn more advanced 428 

skills and will be more prone to adhere to an active lifestyle (Stodden et al., 2008; Barnett 429 

et al., 2008). 430 

Seefeldt (1979) also postulated the existence of critical components in the FMS 431 

that would be the basis for TMS acquisition - the critical antecedents. To test this, we 432 

identified an underlying factor (a covariation pattern) in the running and stationary 433 

bouncing components and verified their relation to TMS acquisition. The single factor 434 

(Figure 4) encompassing six components from both running and stationary bouncing 435 

explains that individuals that acquire one of these components are more likely to do also 436 

for the others (see Langendorfer & Roberton, 2002), as if a coordinating pattern was 437 

emerging from practice encompassing all these components. Additionally, we found that 438 

those components related to arm coordination with the ball and running were the 439 

components differentiating those who are above or below the barrier. Intuitively, if 440 

children are able to coordinate their arms with the body (running) and with the external 441 

implement (the ball), they are ready to start learning dribbling. 442 

The observed relation between FMS and TMS is one of transfer (as discussed 443 

earlier): “the learning of a response in one situation influences the response in another” 444 

(Adams, 1987, p. 44). The concept of FMS as the basis for transfer has been considered 445 

elsewhere (e.g., Barnett et al., 2016; Hulteen et al., 2018; O’Keeffe, Harrison, & Smyth, 446 

2007). For instance, O´Keeffe et al. (2007) showed that after an intervention program, 447 

with 180 minutes practicing throwing (FMS), adolescents improved their performance 448 

not only in throwing (FMS), but also in badminton overhead clear and in javelin throw. 449 

Clearly, these three movement patterns are greatly improved through the proximal-to-450 

distal (“whip movement”) pattern. In practicing the throw, one would have acquired 451 

critical antecedents integral to all these highly sport-specific skills. 452 

 453 

Considerations and necessary advances on the proficiency barrier issue  454 

We are not the first to address the issue of a proficiency barrier. For example, 455 

Stodden et al. (2013) following the assumption that the proficiency barrier would relate 456 

FMS skill level to health-related fitness (HRF) measures (e.g., strength, cardiorespiratory 457 

aptitude), found an association between FMS competence and HRF. De Meester et al. 458 

(2018) went further and found evidence relating skill levels of children of 7 to 11 years 459 

of age that comply with the moderate-to-vigorous physical activity requirements from the 460 

World Health Organization (WHO, 2014). 461 

However, Seefeldt’s original notion of a proficiency barrier was simply related to 462 

motor skill level and was not towards HRF levels. As such, we contend that other issues 463 



can be further discussed that highlight the importance of the present findings. The first is 464 

that these previous studies on the proficiency barrier arbitrarily defined categories for 465 

FMS skill level to test their associations. In this way, even a linear relation observed in a 466 

continuous scale would give the impression of a barrier. The second is that the 467 

aforementioned studies did not address putative contradictory occurrences (high FMS 468 

competence leading to low HRF measures, and vice-versa) which weakens the claim for 469 

a barrier. The third is that Stodden et al. (2013) used the outcome measures (e.g., distance 470 

of throw) of the FMS instead of the movement pattern proficiency. The usage of 471 

movement outcome to characterize FMS was a concern reflected in Seefeldt’s writings 472 

and, as our results showed, modify how the relation is to be observed. 473 

 Recently, Brian, Getchell, True, De Meester, and Stodden (2020) 474 

reconceptualized the proficiency barrier to deal with broader discontinuities in motor 475 

development. Their main claim was that there would be a greater need of free play and 476 

structured movement experiences to pass through a barrier between stability-based to 477 

mobility-based movements invoking phylogenetic and ontogenetic requirements on 478 

motor development. It is beyond the goal of the present manuscript to address the 479 

possibilities of such relationships. However, the proposed reconceptualization seems to 480 

suggest “a proficiency barrier” that is different from Seefeldt’s original idea. 481 

Seefeldt (1979), in justifying the proficiency barrier, stated that “our work has 482 

shown that children who are deprived of learning the fundamental skills have difficulty 483 

when they attempt to learn the transitional motor skills” (p. 316). Although the critical 484 

antecedents (and limiting conditions) are posited as a model, there is neither theoretical 485 

grounding for the barrier nor for the proposed model. This has led to criticisms and the 486 

new formulations previously mentioned (see Barnett et al., 2016; Brian et al., 2020; 487 

Hulteen et al., 2018).  488 

We believe that there is an alternative theoretical route that can help to explain 489 

our results. The dynamical systems approach to motor behavior encompasses the 490 

possibility for earlier dynamical resources being present before the emergence of new 491 

behaviors (see Thelen & Smith, 1994) – the critical antecedents. Thelen, Kelso and Fogel 492 

(1987) have repeatedly shown that earlier “traits” of walking were present before 493 

voluntary walking emerges. Also, one can understand how FMS and TMS would relate – 494 

and allow similar dynamical resources to be shared – through the view that they share 495 

similar task constraints (Newell, 1986). Results of O’Keefe et al. (2007) discussed earlier, 496 

for instance, could be understood by the fact that all movements investigated required the 497 

proximal-to-distal “whip-like” pattern. In other terms, the throwing task constrained 498 

individuals to learn the whip pattern that would facilitate dart throwing and badminton 499 

serve. This view is in consonance to our findings but must be further investigated in future 500 

studies. 501 

 502 

Limitations of the Study 503 

This study is not without limitations. The first is that it is cross-sectional. The 504 

proficiency barrier would be directly observed if individuals below a given level of FMS 505 

proficiency fail to improve their proficiency on a TMS, while other individuals would 506 

improve. Nevertheless, there is the possibility of capturing it in a cross-sectional study, 507 



as we did. If the longitudinal expectation holds, then the results we found are expected to 508 

occur. Thus, our results are a necessary condition for the existence of the proficiency 509 

barrier – even if it is not sufficient.  510 

Second, children of different ages were part of the sample group. There is no doubt 511 

that biological maturation and growth-related factors can affect motor performance 512 

(Malina, Bouchard, & Bar-Or, 2004). However, studies indicate that children of different 513 

ages, even adolescents, can present low levels of performance on FMS (Lester et al., 514 

2017; O’Keeffe et al., 2007). Age, thus, does not determine the level of proficiency 515 

(Clark, 2007) (the correlation was maintained even when controlled by age, r = .55, p < 516 

.001). It is another question to investigate whether age interacts with the relation favoring 517 

or limiting improvements on TMS given FMS level. Clearly, the consideration on age 518 

adds to other potential influential factors (e.g., environmental factors) that can influence 519 

earlier experience on FMS or even more rudimentary skills. The inclusion of these factors 520 

requires further research.  521 

Third, despite TGMD-2 validity as an instrument to measure the gross motor 522 

ability encompasses 12 skills, only six were assessed. This might underrepresent the FMS 523 

class. However, Valentini, Rudisill, Bandeira, and Hastie (2018), testing a shorter version 524 

of TGMD-2 showed that six skills (different than the ones considered here) correlated 525 

strongly with the whole set of locomotor and object control skills. Thus, we contend that 526 

our results still provide a good indication of the gross motor ability. Finally, only one 527 

TMS was assessed. We therefore suggest that future research is needed to generalize the 528 

relation between FMS and TMS 529 

 530 

Conclusion 531 

This study investigated the proficiency barrier from Seefeldt’s (1979) original 532 

definition. We found evidence supporting it. Further, this study is one of the few that 533 

showed direct evidence of interdependence on the acquisition of motor skills of different 534 

motor “phases” after infancy. Accordingly, we move closer to an understanding of the 535 

fundamental aspects of the FMS – an ongoing debate (cf. Newell, 2020) – and provided 536 

empirical support for the longstanding assumption of the proficiency barrier. 537 

Additionally, our findings support the argument put forward elsewhere in favor of 538 

teaching FMS in physical education classes as an important step for learning more 539 

complex skills and, in light of available data, encourage an active life-style. Although 540 

children can and will explore their possibilities on their own, a guided tour through 541 

possibilities might optimize the process. Clearly, physical education teachers are the most 542 

prepared professionals in order to organize a curriculum where a diversity of skills can 543 

be developed. 544 

 545 
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