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Abstract:

The purpose of this study was to analyse and interpret evidence-based 
scores of validity and reliability of the Pictorial Movement Skill 
Competence (PMSC) according to the procedure of assessment (i.e., one-
on-one interview and supervised-guided group administration) in a cohort 
of children. A sample of 635 children (49.1% girls, 8.0-10.9 years-old) 
participated. Confirmatory factor analyses (CFA) and Rasch models were 
conducted to examine evidence of different forms of validity and 
reliability. In the current sample, each CFA three factor PMSC model 
(locomotion, object control and stability skills) was an adequate fit. There 
was good-to-excellent agreement between both types of administration 
and higher internal consistency for the group administration. Both 
methods of administration are appropriate to assess PMC with the group 
method showing better reliability in this sample. Supervised group 
administration is more efficient than the one-on-one interview and could 
be considered in future assessments with children older than 8 years-old. 
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1 Understanding School-Children’s Perceived Movement Skill Competence: 

2 Evidence of Validity and Reliability According to the Type of Administration

3 Abstract

4 The purpose of this study was to analyse and interpret evidence-based scores of 

5 validity and reliability of the Pictorial Movement Skill Competence (PMSC) according 

6 to the procedure of assessment (i.e., one-on-one interview and supervised-guided group 

7 administration) in a cohort of children. A sample of 635 children (49.1% girls, 8.0-10.9 

8 years-old) participated. Confirmatory factor analyses (CFA) and Rasch models were 

9 conducted to examine evidence of different forms of validity and reliability. In the current 

10 sample, each CFA three factor PMSC model (locomotion, object control and stability 

11 skills) was an adequate fit. There was good-to-excellent agreement between both types 

12 of administration and higher internal consistency for the group administration. Both 

13 methods of administration are appropriate to assess PMC with the group method showing 

14 better reliability in this sample. Supervised group administration is more efficient than 

15 the one-on-one interview and could be considered in future assessments with children 

16 older than 8 years-old. 

17 Key words: self-perception, childhood, fundamental motor skills, motor development, 

18 physical education.

19 Introduction

20 Perceived motor competence (MC) refers to a person's ability to recognise his/her 

21 proficiency in performing a wide range of fundamental motor skills (FMS) (Estevan & 

22 Barnett, 2018) and is an intrinsic factor of individuals’ motor development influencing 

23 children's movement behaviour throughout their lifespan (Bardid et al., 2016; Barnett et 

24 al., 2022; Stodden et al., 2008). Perceived MC, as a branch of perceived physical 
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25 competence and global self-concept (Fox & Corbin, 1989), is associated with enjoyment 

26 for physical activity (PA) participation (Babic et al., 2014; Menescardi et al., 2022). 

27 Global data show the proportion of school children achieving PA is limited, with 

28 rates declining each year across childhood (Cooper et al., 2015; Farooq et al., 2018; Jago 

29 et al., 2017). As the conceptual model of motor development postulates (Stodden et al., 

30 2008), perceived MC seems to mediate association between children’s actual MC and PA 

31 (Barnett et al., 2022; De Meester et al., 2020). Those individuals with higher perceived 

32 MC tend to show higher motivation and enjoyment for PA (Cárcamo-Oyarzún et al., 

33 2024), higher PA engagement (Babic et al., 2014) which in turn might foster actual MC 

34 (Estevan et al., 2023). Perceived MC might also stimulate self-esteem over time, 

35 especially in girls (Babic et al., 2014; Niemistö et al., 2019), generating a spiral of 

36 engagement towards positive healthy development such as physically active lifestyle or 

37 appropriate weight status (Stodden et al., 2008; Niemistö et al., 2019). Considering that 

38 children who underestimate their own skill might be less physically active (Estevan, 

39 Utesch, et al., 2019; Robinson et al., 2015), capturing children's perceived MC might be 

40 a preliminary step to conducting interventions to promote PA participation. Indeed, 

41 perceived MC is reported as a correlate of PA engagement (Estevan, Bardid, et al., 2021) 

42 as individuals with high perceived MC tend to persist and persevere in sports and motor 

43 challenges (Almeida et al., 2023; Estevan & Barnett, 2018).

44 Assessing perceived MC in childhood requires specific procedures to address 

45 issues such as 1) a construct structure that is qualitatively different across age periods and 

46 2) children's cognitive development which may interfere with their capability to make 

47 true judgements about themselves (Estevan & Barnett, 2018; Harter & Pike, 1984). In 

48 this line, the assessment of perceived MC in childhood requires that instruments are 

49 configured according to 1) the structure and operationalization of the construct and 2) the 
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50 individuals' cognitive development (Estevan & Barnett, 2018). With regard to the 

51 structure and configuration, to understand how well children’s perceived MC are aligned 

52 with their actual MC, it is suggested that the constructs match or are identified in a similar 

53 manner (Estevan & Barnett, 2018); although this assumption is not confirmed yet (Barnett 

54 et al., 2022). A potential reason for this lack of confirmation is because during childhood, 

55 perceived MC development evolves in a non-linear evolution (Estevan & Barnett, 2018; 

56 Menescardi et al., 2022; van Veen et al., 2020) which might involve different 

57 understandings of perceived competence for children of similar age with consequences 

58 for their motor development. For instance, children initially think of ‘effort’ as the 

59 mastery of motor skills, but as they age, they seem to take a more abstract perspective in 

60 their descriptions (Dreiskaemper et al., 2018). In middle/late childhood an individual’s 

61 ability to be realistic about his/her MC is purported to be more accurate (Dreiskämper et 

62 al., 2022; Estevan & Barnett, 2018). Regarding children's cognitive characteristics, Harter 

63 and Pike (1984) suggested that the instruments should be pictographic, offer an adequate 

64 number of responses, follow a procedure that allows the child to understand what is being 

65 asked and avoid socially desirable but unrealistic responses (discussed further below).

66 Two types of survey-based methods that are common in capturing perceived 

67 competence in childhood are the double dichotomous interview-based process and the 

68 self-report via Likert scale. Via pairwise preferences, the dichotomous process is 

69 preferred due to its ease of understanding and response for younger children, and its 

70 potential capability to eliminate the subjective notion of scaling (Barnett et al., 2016; 

71 Harter & Pike, 1984; Tietjens et al., 2018). On the other hand, via scaling, the rating or 

72 Likert scale (e.g., four-points) allows individuals to self-report their selected response 

73 from 1 to 4 in one response stage and this method is chosen for its consistency and 

74 sensitivity (Yannakakis & Hallam, 2011). However, despite the many instruments 
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75 available for assessing actual MC, and the known methods to map perceived MC, there 

76 are few scales designed to assess perceived MC (Estevan, Bardid, et al., 2021). 

77 The PMSC is highly used and was the first tool for assessing perceived MC in 

78 children in which pictorial items represent the same FMS that are commonly used to test 

79 actual MC (Barnett et al., 2016). FMS is typically categorised in three domains: stability, 

80 locomotion and object control (Gallahue et al., 2012), whereas the PMSC was originally 

81 composed of 12 - 13 FMS items only (encompassing locomotion and object control) as it 

82 was based on the second and third versions of the Test of Gross Motor Development 

83 (Ulrich, 2000; Webster & Ulrich, 2017). The PMSC test scores have shown evidence 

84 suggesting validity from many countries (Barnett et al., 2016; Chai et al., 2023; Diao et 

85 al., 2018; Maïano et al., 2022; Masci et al., 2018; Niemistö et al., 2019; Valentini et al., 

86 2017; Venetsanou et al., 2018). Systematic review evidence shows that the association 

87 between children’s actual and perceived MC depends on the type of the FMS domain 

88 under study (De Meester et al., 2020), therefore it is important scales cover all domains. 

89 Recently, an extended version of the PMSC including stability skills was created 

90 (Estevan, Menescardi, et al., 2021). The PMSC Stability is composed by seven items 

91 capturing different aspects and forms of stability (e.g., single-leg, unstable surface, 

92 dynamic balance, etc.). This scale also follows a pictorial dichotomous format to 

93 maximize children’s ability to understand the constructs (Barnett et al., 2016; Harter & 

94 Pike, 1984). Evidence-based scores suggesting validity and reliability of the PMSC 

95 Stability in a sample of early adolescents (11-14 years-old) was reported. In this sample, 

96 test scores suggest construct validity (structural and convergent) and measurement 

97 invariance across gender, pointing to the PMSC in the two independent versions for boys 

98 and girls, being an appropriate scale to assess perceived MC in stability in adolescents 
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99 (Estevan, Menescardi, et al., 2021). But evidence for this scale version in 

100 primary/elementary school children is lacking.

101 To assess younger children's (8 years and less) perceived MC, individual 

102 interviews are recommended with support of the pictorial description (Barnett, Ridgers, 

103 et al., 2015). These procedures adapted to the characteristics of the children, have allowed 

104 reliable results providing an insight into the field of motor development and Physical 

105 Education (PE) (Barnett et al., 2016). However, in the educational setting the time 

106 devoted to PE is limited overall as the session duration is typically 45-60 min (with an 

107 actual teaching session time of around 40 minutes). Moreover, the student-teacher ratio 

108 in class groups (one teacher) ranges from 20-27 pupils. Therefore, conducting one-on-

109 one individual interviews can be very time consuming which in turn may be a barrier for 

110 PE teachers wishing to assess perceived MC. Considering that a key aspect to check what 

111 students learn is to assess the content taught, not having appropriate instruments and 

112 procedures to assess perceived MC might result in students limited psychological 

113 development. In this line, López-Pastor et al (2013) argued that developing efficient, easy 

114 to use approaches to assess and compile data on students, is a challenge to be addressed 

115 in PE.

116 Unlike one-on-one individual interviews, supervised group administration can 1) 

117 be time efficient making dissemination potentially cost-effective and 2) be a suitable 

118 approach for older children (8-12 years-old and beyond) (Sport Australia, 2021, p. 8). 

119 Therefore, the purpose of the current study was to analyse and interpret evidence-based 

120 scores of validity and reliability of the PMSC (locomotion, object control and stability) 

121 according to the type of administration (i.e., one-on-one individual interview and 

122 supervised-guided group administration) in a sample of 3rd-5th grade primary school 

123 children. Based on previous studies (Estevan et al., 2018; Estevan, Menescardi, et al., 
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124 2021; Estevan, Molina-García, et al., 2019), it is expected that the construct of perceived 

125 MC in this age group (8-11 years-old) will exhibit a good structure using both types of 

126 administration.

127 Furthermore, construct validity in terms of ‘relations with other variables’ 

128 (McCoach et al., 2013) will be assessed based on the association between perceived MC 

129 and PA participation. This investigation will be seeking to assess whether the scores from 

130 the instrument using both administration types demonstrates associations that we would 

131 expect based on theoretical expectations, i.e., that higher perception is associated with 

132 higher PA (Carcamo-Oyarzun et al., 2023; De Meester et al., 2016). 

133 Additionally, the present study aims to use two different test theoretical 

134 approaches (classical and probabilistic test theory) to analyse and interpret the scores of 

135 reliability and validity of the scale in a cohort of children using the two types of 

136 administration. Whereas the classical test theory describes reliability as a point measure, 

137 probabilistic test theory understands reliability as a probability function across the level 

138 of perceived MC for each dimension of perceived MC which can lead us to understand 

139 reliability in terms of different levels of difficulty by participants. 

140 Materials and Methods

141 Participants

142 Six primary schools (four public and two private-subsidized) in Valencia and the 

143 metropolitan area (Spain) were recruited randomly based on a publicly available list. All 

144 the school principals were contacted and agreed to participate in the study. A total sample 

145 of 635 children (49.1% girls), 8 to 11 years of age (M = 9.37, SD = 0.94) and a mean body 

146 mass index of 19.17 kg·m-2 (SD = 3.49) participated with parent consent (90.6% consent 

147 rate). The response rate was 88.2%. Three inclusion criteria were established for data 
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148 analysis: (1) were between 8 and 11 years old; (2) had Spanish as a main language at 

149 school; (3) provided verbal assent to be involved.

150 Procedure

151 Data collection was conducted by trained research assistants (all specialists in 

152 teaching PE) in the respective schools between February and May 2021 during school 

153 hours. Approval was obtained from the Institutional Review Board of the University of 

154 the first author (1564606).

155 To assess children's perceived MC, a counterbalanced-based two-session 

156 procedure was conducted as follows. Before any assessment, children were provided with 

157 an explanation of the study and any doubts were clarified prior to questionnaire 

158 administration. In session A (one-on-one interview), the PMSC (Barnett et al., 2016; 

159 Estevan, Molina-García, et al., 2019), was administered in a one-on-one individual 

160 interview using a double-dichotomized process in a calm and private room. Research 

161 assistants read out loud each item and guided each participant individually by providing 

162 a verbal description and demonstration of the skill if needed. Children were instructed to 

163 point at which picture looked like them (first dichotomized choice); then for their marked 

164 picture they were asked again to point at their perceived MC (second dichotomized 

165 choice). The time required for assessing children’ perceived MC (including the PMSC 

166 and PMSC Stability) was approximately 10-15 minutes per child. In session B (group 

167 administration), in the regular class each student completed an inventory composed of the 

168 PMSC (Estevan et al., 2018), the PMSC Stability (Estevan, Menescardi, et al., 2021) both 

169 adapted to be self-reported and the Physical Activity Questionnaire for Children (PAQ-

170 C; Kowalski et al., 2004). The administration of these questionnaires was verbally guided 

171 by one research assistant to guarantee that participants understood each item. A second 

172 research assistant was available for any specific student query. The time required for 
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173 assessing participants’ perceived MC and PA participation was approximately 25 minutes 

174 per group (around 22-27 children).

175 In the first session, regardless of the type of administration, all children were 

176 initially asked if they had tried the skill previously. Children who had not experience or 

177 who did not recognize the skill, received a demonstration by the research assistant but 

178 were not allowed to perform it. The majority of children recognized the depicted skills; 

179 there were only few cases where galloping (locomotion) or superwoman/superman 

180 (stability) required additional demonstration. The time between sessions A and B was 10-

181 14 days (M = 12.83 days, SD = 1.60).

182 Instruments

183 Perceived motor competence. Children's perceived MC was assessed with the 

184 Spanish version of the PMSC (Barnett, Ridgers, et al., 2015; Estevan, Molina-García, et 

185 al., 2019) and the PMSC Stability (Estevan, Menescardi, et al., 2021). The PMSC 

186 consisted of 13 items, six of them representing locomotor and seven representing object 

187 control skills (Estevan, Molina-García, et al., 2019); whereas the PMSC Stability 

188 consisted of seven items representing stability skills (Estevan, Menescardi, et al., 2021). 

189 To assist children's rating, each item in both scales is accompanied by two pictures 

190 depicting an appropriate task performance (wherein a girl/boy performs the skill 

191 correctly) and a lower performance (wherein a girl/boy performs the skill poorly). Each 

192 scale item is rated on a 4-point scale: from one being ‘not so good’, two being ‘sort of 

193 good’, three being ‘pretty good’, and four being ‘really good’. As a result, scores in each 

194 scale range from 13 to 52 for the PMSC total scale and from 7 to 28 for the PMSC 

195 stability.

196 Physical Activity participation. To assess students’ PA, the Spanish version of the 

197 self-reported PAQ-C (Kowalski et al., 2004; Martínez-Gómez et al., 2009) was used. The 
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198 PAQ-C is a 7-day recall instrument that consists of 9 items providing PA information 

199 during a school week. Each of these 9 items is rated on a Likert style from 1 (e.g., none) 

200 to 5 (e.g., 7 or more times), with a lower score indicating low PA participation. Finally, 

201 a total relative score ranging from 1 to 5 is reported. A tenth item is used to capture 

202 potential unusual weak PA levels due to illness. Those participants reporting illness 

203 repeated the PAQ-C in the second session. The internal consistency (α = .78) derived 

204 from the test scores, supports the interpretation of the PAQ-C being considered good for 

205 the sample under study. PA was categorised as either meeting or not meeting PA 

206 guidelines based on a cut-off score of 2.75 (Tapia-Serrano et al., 2022).

207 Statistical analysis 

208 All analyses were conducted in R (R Core Team, 2018) using primarily the tidyverse 

209 packages for data preparation, the lavaan package for structural equation modelling and 

210 the mirt package (Chalmers, 2012) for item response theory models. To answer our 

211 research questions, we used two different test theoretical approaches to evaluate the 

212 reliability and the validity of the PMSC scale. That is, we aimed at using the strength of 

213 both classical and probabilistic approaches. Classical approaches have their strength in 

214 widespread usage, the potential to easily describe the data, and to identify factor structures 

215 under relatively weak assumptions. However, probabilistic approaches can add to the 

216 comprehensive testing of an instrument as not only the structure is tested but also the 

217 usage of the scale itself can be illustrated. The probabilistic approach is especially suited 

218 to test whether a 4-point scale is interval scaled or only ordinally scaled. That is, if the 

219 thresholds of the scale usage are ordered, the scale is proven to be interval scaled.

220 The analysis plan proceeded with the following steps: First, we checked differences in 

221 means between the types of administration and describe standard errors using paired t-

222 tests. Second, for construct validity we tested evidence of structural validity using 
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223 confirmatory factor analyses (CFA) for both the PMSC and PMSC Stability in each type 

224 of administration (i.e., one-on-one interview and group administration). Models were fit 

225 using WLSMV estimators and fit indices of CFAs were interpreted as being good for 

226 χ2/df < 2.00, p < .05, TLI > .90, CFI > .90, and RMSEA < .08 (Kelava et al., 2011). 

227 Third, to test evidence of construct validity in terms of relations with other variables, the 

228 correlation of PMSC and PMSC Stability with self-reported PA was calculated. 

229 Moreover, to test evidence of concurrent validity, the association between PMSC 

230 locomotion and object control with PMSC Stability was calculated. Significance levels 

231 were set to p = .05 for all models.

232 Fourth, reliability in terms of evidence of internal consistency (i.e., Cronbach’s alpha) 

233 from classical test theory as well as reliability (rxx) from probabilistic test theory were 

234 calculated. The difference between both test theoretical approaches is that classical test 

235 theory can describe reliability only as a point measure for average trait levels while the 

236 probabilistic estimation gives information as an information curve that reflects reliability 

237 across all trait levels. Reliability was interpreted acceptable for .60 and above because 

238 participants are children and the self-concept is usually inflated, i.e., (Estevan, 

239 Menescardi, et al., 2021; Estevan & Barnett, 2018). Using probabilistic test theory, we 

240 can describe reliability as a point measure and, additionally, as function across different 

241 levels of the PMSC scales. As an example illustration, Figure 1 (A, B) represents two 

242 reliability functions of two scales or domains of self-perception. Considering the average 

243 difficulty (zero value), in the example A (Figure 1A), reliability function is high across 

244 all self-perception levels whereas in example B (Figure 1B) reliability function is low for 

245 the top half of self-perception levels, which would indicate low reliability for the top half. 

246 ***** Figure 1 *****
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247 Fifth, we used probabilistic test theory underpinning the validation process and to 

248 compare the two different types of administrations. We used Generalized Partial Credit 

249 Models (GPCM) to investigate the scale usages or perceptions and whether the scale 

250 fulfils the assumptions of an interval scale. To do so, we followed several steps: (1) A 

251 probability function was calculated for each item and for each category that refers to the 

252 four options of response in each item. In this process, three thresholds (due to the points 

253 where two functions crossed each other: b1, b2 and b3) between item categories were 

254 calculated for each item, and the lengths between the thresholds were also computed. It 

255 is necessary for the interpretation of outputs as acceptable validity of the scale in the 

256 sample under study that the thresholds are ordered (i.e., b1 < b2 < b3). The scale can then 

257 be identified as being interval scaled as we can count how many thresholds have been 

258 achieved. The thresholds were computed on the same (logit) scale as the self-perception 

259 (the assessed trait) of the participants. Hereby, a value of zero means that the threshold is 

260 equivalent to an average trait. For illustration purposes, (2) we illustrated the category 

261 probability functions, the thresholds and the length between thresholds for the two 

262 previous items in Figure 1 (C, D). In Figure 1C, the threshold b2c is approximately zero, 

263 which means that for those individuals who rated their perceived competence in the lower 

264 half, it was most probable to score 1 or 2, whereas for those with scores in the top half, 

265 self-perception is most probable as a score of 3 or 4. However, in Figure 1D the threshold 

266 b3d is approximately zero, which shows that category four is most probable for the top 

267 half of self-perception in this item. Additionally, the thresholds 1 (b1c > b1d) and 2 (b2c 

268 > b2d) are higher in Figure 1C compared to the example in Figure 1D which indicates that 

269 the item in Figure 1C is different in terms of difficulty for individuals compared to the 

270 items in Figure 1D. Further, the lengths between thresholds are different in the example 

271 (yc > yd and zc < zd), which means that the scale perceptions are different, too. In Item C, 
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272 all categories are used equally distanced and in item D the perceived distances between 

273 the categories are different (i.e., category 2 in pink is only most probable for a small part 

274 of the assessed trait on the x axis, whereas category 3 in green is most probable for a 

275 larger part of trait level). The showcase between those two items illustrates two very 

276 different items that correspond to the reliability functions (A and C, B and D). As a last 

277 step, (3) the item fits, which are a statistical test of the fit of an item to the scale dimension, 

278 are modelled for both types of administration using signed chi-squared tests. Items fit to 

279 the dimension in those cases wherein they do not significantly deviate. Significance level 

280 was adjusted to α = .001 due to multiple testing (Kang & Chen, 2007). 

281 An a priori power analysis was not conducted for the following reasons. For applying 

282 CFA and Partial Credit Models, at least 20 participants per item is recommended. With 

283 400 needed participants, we oversampled to cover a potential participation rate of 50% 

284 per class. With 625 participants and 20 items, this number is covered. Regarding the 

285 correlations and tests difference used in this study, the number of 625 participants far 

286 exceeds the required number even for very small effect sizes. 

287 Results

288 First, differences in means between the types of administration were analysed (see Table 

289 1.). Descriptively, locomotion showed the highest levels followed by object control and 

290 stability. Overall, means were significantly smaller for the group administration type 

291 compared to the one-on-one interview for all three categories (all ps < .001). 

292 Second, CFAs were conducted to examine construct validity in terms of factorial validity 

293 in both types of administration. The children self-report modelling exhibited that the 

294 obtained test scores can be considered as excellent goodness of fit statistics for both types 

295 of administration (see Table 1). Thus, factorial validity is given for both scales based on 
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296 CFA. Further, all estimates show the expected fit to the factors as all paths are higher than 

297 .40 (see supplement Table S1).

298 ***** Table 1 *****

299 Third, relation with other variables was also tested. Here, Table 2 shows the results of the 

300 associations which were run between groups with lower or higher PA levels (p < .006). 

301 The results show significant differences for each variable and both types of administration 

302 in that higher PA levels were associated with higher perceived MC levels.

303 ***** Table 2 *****

304 Fourth, there were significant small to medium relationships between PMSC and PMSC 

305 Stability with self-reported PA. Also, in both types of administration there was also a 

306 significant medium to large association between PMSC locomotion and object control 

307 with PMSC Stability (Table 3).  

308 Fifth, reliability scores (Table 3) showed that reliability point estimates are good for the 

309 group administration. However, they are too low for the one-on-one interview (with the 

310 exception of object control) considering the .60 threshold. In comparison, reliability 

311 functions show that reliability is shifted towards lower levels of perceived MC across the 

312 measures (Figure 2, first column). It can be derived in detail from the functions that the 

313 high levels of perceived MC scores indicate less reliability especially in the one-on-one 

314 interview for locomotion and stability (Figure 2, D and F first column), which can be 

315 explained by the scale usage. 

316 ***** Figure 2 and Table 3 *****

317 Sixth, scale usage and perception were analysed. GPCM threshold analysis shows that all 

318 thresholds were ordered for all the items, i.e., b1 < b2 < b3 (Table 4) as it is illustrated in 

319 Figure 2 (columns 2 to end). The fact that the thresholds are ordered indicates that scale 

320 perception is generally pointing towards the validity of the scales, because the length 
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321 between thresholds is not a criterion in terms of validity. However, we found a general 

322 pattern indicating a skewness in the scale usage between the two types of administration: 

323 b2 is generally lower for the one-on-one interview throughout the scales. Practically, this 

324 means that the score 2 is less probable for children to choose given the same level of 

325 perceived MC while it is more probable that the scores 3 and 4 are chosen for lower levels 

326 of perceived MC. Further, the length between b1 and b2 is very small (or even tiny) for 

327 example in locomotion (Figure 2, B). This means that category 2 has a very tiny margin 

328 of the trait where it is most probable, which is not desired when developing such a scale. 

329 Looking at the single items, it is visible that the items superman/woman and move 

330 sideways deviate from the pattern of all other items and it can be interpreted that the 

331 perception of these items is not as originally intended by the test. 

332 ***** Table 4 *****

333 Discussion

334 For the assessment of children's perceived MC, a one-on-one interview has been 

335 suggested because some children may be unfamiliar with some movement skills and 

336 consequently, they would require further description beyond the visual picture provided 

337 (Barnett, Robinson, et al., 2015). This is true for young children, but uncommon for 8–

338 12-year-old children who have usually been exposed to all the movement skills included 

339 in the PMSC (Estevan, Molina-García, et al., 2019), or if not, can still recognize them 

340 after seeing them performed by others. However, this method of administering (one-on-

341 one interview) is time consuming in the school setting. Therefore, the purpose of the 

342 current study was to analyse and interpret evidence-based scores of validity and reliability 

343 of the pictorial scale PMSC (locomotion, object control and stability) according to the 

344 type of administration (i.e., one-on-one interview and supervised group administration) 

345 in a sample of primary school children aged 8-11 years-old. Further, scale perceptions 
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346 and the consequences for its usage between the two types of administration were analysed 

347 and compared. 

348 Based on classical test theory, the scores demonstrated evidence of structural and 

349 construct validity for the PMSC in locomotion, object control and stability for the two 

350 types of administration in the sample under study. In line with a previous study using the 

351 extended version of the PMSC in early adolescents (Estevan, Menescardi, et al., 2021), 

352 the results of the CFA in the current study showed an excellent fit. That is, in both the 

353 one-on-one interview and the supervised group administration, structural validity was 

354 confirmed by conducting CFA which supports the view that the pictograms help children 

355 to understand the content of the scale properly (Tietjens et al., 2018). Although the fit 

356 statistics were slightly better for the one-on-one interview, both goodness of fit tests were 

357 excellent. In addition, comparative analyses to assess the relationships between the scores 

358 from the PMSC and PA in a manner that was expected (association with PA levels) 

359 showed that those who practiced lower PA also exhibited lower perceived MC (and the 

360 converse), provided further validity evidence.

361 Despite the appropriate pictorial description, the procedure of administration seems to 

362 impact the reliability of children's self-reports. Whereas a supervised-guided group 

363 administration exhibited acceptable score of reliability, the one-on-one interview showed 

364 low levels of reliability estimates for two of the three scales. Heterogeneous levels in the 

365 means of PMSC according to the type of FMS have previously been reported – although 

366 these are mainly acceptable values. See for example, in 5-10 years-old Australian 

367 (Barnett, Ridgers, et al., 2015; Johnson et al., 2016), 4-8 years-old Brazilian (Valentini et 

368 al., 2017), 4-9 years-old Chinese (Diao et al., 2018), 5-9 years-old Greek (Venetsanou et 

369 al., 2018), around 7 years-old Italian (Masci et al., 2018) and 4-11 years-old Spanish 

370 children (Estevan et al., 2018; Estevan, Molina-García, et al., 2019). Different values 
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371 might be due to the children's cognitive development, as in older children and early 

372 adolescents the internal consistency findings in one study were slightly higher (Estevan, 

373 Menescardi, et al., 2021) than in the current study. In addition, when the descriptives were 

374 compared according to the procedure of administration, individuals reported higher 

375 perceived MC when using the one-on-one interview than what they responded by using 

376 a supervised-guided group administration. This might indicate that the group session 

377 approach minimised children's socially desirable responses when capturing their 

378 perceived competence (Dreiskämper et al., 2022; Estevan & Barnett, 2018; Harter & Pike, 

379 1984). This was an unexpected result because the one-on-one interview process of 

380 administration is suggested to avoid this socially desirable responses; however, in line 

381 with an approach recommended by the Australian Sports Commission (Sport Australia, 

382 2021) for physical literacy, it seems that for children 8-12 years-old, a supervised-guided 

383 group administration is an appropriate method to map children's self-reported MC. As 

384 such, the class setting with a supportive style may avoid social desirability and therefore 

385 improve evidence of reliability because individuals are confident enough of the 

386 importance of being sincere in their responses (Ortega-Benavent et al., 2024). Therefore, 

387 the instrument reporting procedure is an important consideration for the validity and 

388 reliability of the instrument (Yannakakis & Hallam, 2011) overall during childhood. 

389 When using probabilistic test theory to analyse reliability function, the results showed a 

390 general pattern wherein the supervised group administration reliability was good across 

391 low to high levels of perceived MC. In addition, when using the supervised group 

392 administration, in the majority of the items the distance between thresholds were similar 

393 [see for instance Figure 2, lines A (gallop and jump forward), C (overhand and underhand 

394 throw) and E (unipodal and walking backwards)] which reflects the equivalent 

395 probability to choose scores 1 or 2 for those in the lower half of self-perception and scores 
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396 3 or 4 for those in the top half. In the case of the one-on-one interview, the results showed 

397 that the reliability function skewed to the left (Figure 2, lines B, D and F) which means 

398 reliability is low for those reporting high perceived MC, whereas it is good in those 

399 children who considered themselves to have low perceived MC (Table 5). Specifically in 

400 locomotion [see for instance Figure 2, line B (run, gallop, hop, skip, jump forward and 

401 slide)] but also in stability skills [see Figure 2, line F (unipodal and move sideways)], it 

402 is more probable that children at the lower half of self-perception reported a score of 1 

403 but not a score of 2; on the other hand, the reliability for those at the top half was low. 

404 So, for assessing perceived MC in typically developing children 8-11 years-old, PE 

405 teachers and researchers may wish to use the supervised-guided group administration. 

406 In addition, the generalized partial credit models showed a consistent pattern of scale 

407 perception within the group administration and within the one-on-one interview. 

408 Comparing both, the length between the thresholds 1 and 2 is generally larger in the group 

409 administration compared to the one-on-one interview situation and vice versa between 

410 thresholds 2 and 3. We interpret this as an indicator for the level of perceived MC where 

411 scales can better differentiate. With larger space between thresholds, a larger part of the 

412 x axis (representing perceived MC level) is covered by the same item answer and, thus, 

413 it cannot differentiate that well in this space. That is, with larger length for the lower 

414 perceived MC levels and lower length between thresholds for higher perceived MC 

415 levels, the group administration can differentiate better for higher perceived MC levels 

416 compared to the one-on-one individual interview. 

417 In this study more than 600 primary school children aged 8-11 years-old participated 

418 which is an excellent sample size to analyse evidence-based scores of validity and 

419 reliability of the extended version of the PMSC. In addition, the novelty of the study 

420 design resides in using two different counterbalanced procedures of administration which 
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421 can be helpful for PE teachers and researchers looking to maximise feasibility of 

422 assessing perceived MC in the school setting. Nonetheless, this study is not absent of 

423 limitations. Whilst thorough data analysis was conducted by applying classical and 

424 probabilistic test theories, actual MC was not assessed so it was not possible to clarify 

425 criterion validity in terms of whether a one-on-one interview or a supervised-guided 

426 group administration matches or how accurately it reflects actual MC. In addition, when 

427 required during the assessments, research assistants performed the depicted skill to help 

428 individuals to understand the exact meaning of the item and this might impact children's 

429 self-perception. Some research has suggested that animated skilled performances by 

430 another child might be more relatable to children (Copetti et al., 2022) but we do not have 

431 evidence of it yet. So, future studies should replicate the current study according to the 

432 process of administration and using appropriate animated-based video performances to 

433 clarify the exact meaning of movement skills. In addition, it is also recommended to 

434 assess perceived MC in combination with actual MC to analyse veridicability (i.e., 

435 whether those who consider themselves highly competent are indeed motor competent 

436 and vice versa) (Almeida et al., 2023) because such congruency might lead to higher PA 

437 participation during childhood (Utesch et al., 2018) and adolescence (Philpott et al., 

438 2021).

439 Practical implications

440 Generally, assessing individuals' MC can be time consuming. The current study shows 

441 that for children aged 8-11 years-old, a 4-point scale is an appropriate number of choices 

442 when accompanied by an appropriate guide, supervision and pictorial descriptions and 

443 allows PE teachers and researchers to capture perceived MC in a valid and reliable 

444 manner. Thus, considering that supervised-guided group administration 1) is time 

445 efficient (as it is possible to assess a group of 25 in 15 minutes), 2) avoids inflated self-
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446 perceptions and 3) is reliable enough and provides evidence of construct validity in 

447 children, the extended version of the PMSC (locomotion, object control and stability) 

448 could be applied by using an appropriate supervised-guided group administration process 

449 which is characterized by providing comprehensive instruction and supportive 

450 accompaniment to the students.

451 In addition, the results of the current study indicated that the procedure of administration 

452 to map students' perceived MC might impact their responses in terms of validity and 

453 reliability and consequently our capability to capture appropriate levels of self-

454 perception. In this line, for those students with low levels of perceived MC, an alternative 

455 could be following a one-on-one interview because it can be an effective method of 

456 administration.  On the other hand, a supervised-guided group administration could be a 

457 suitable choice by a PE teacher who would like to capture students' perceived MC in a 

458 typically developing group because the reliability function and the results from the 

459 generalized partial credit models were good for the whole range of answers.

460 Conclusions

461 The extended version of the PMSC exhibited evidence-based scores of validity and 

462 reliability in a sample of Spanish children aged 8-11 years-old. This version of the PMSC 

463 includes pictograms about locomotion, object control and stability skills accompanying 

464 the descriptive text which can help PE teachers and researchers to achieve a proper 

465 assessment of perceived MC. By following the two processes of administration tested, 

466 and thanks to the analyses based on the probabilistic test theory, the supervised-guided 

467 group administration is an appropriate method to map these older primary school 

468 children's perceived MC.
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1
2 Figure 1. Comparison of two reliability functions with (A) being reliable from low to high values of the scale and (B) being reliable only for the bottom half of 
3 the scale. C showcases an ICC with equally distanced thresholds (yc = zc) and the item is average difficult for b2c = 0. D illustrates that yd < zd and the average 
4 difficulty is approximately at b3d = 0.  
5
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1
2 Figure 2. Reliability curve (column 1) and item information curves (ICC) for the single items. (A) refers to the locomotion in supervised group administration 
3 while (B) refers to locomotion in one-on-one interviews. (C) refers to the object control in supervised group administration while (D) refers to object control in 
4 one-on-one interviews. (E) refers to the stability in supervised group administration while (F) refers to stability in one-on-one interviews. 
5
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1 Table 1. Descriptive (Means and standard errors) and fit statistics of the pictorial scale of 

2 Perceived Movement Skill Competence.

Group 
administration

One-on-one 
interview

Dimension M se M se t p
Locomotion 3.15 0.02 3.25 0.02 3.65 < .001

Object Control 2.82 0.02 2.99 0.02 5.30 < .001
Stability 2.67 0.02 2.81 0.02 4.53 < .001

Fit statistics*
chi square 400.680 205.814

df 167 167
p value < .001 .022

CFI .967 .986
RMSEA .047 .019

SRMR .057 .042
Note. * fit statistics of the correlated three factor structure in the 
confirmatory factor analysis.

3

4
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1 Table 2. Evidence of association between perceived motor competence and physical 

2 activity according to the level of engagement.

Low PA High PA
M se M se t p

Locomotion [SGA] 2.91 0.05 3.20 0.02 5.118 < .001
Object Control [SGA] 2.42 0.06 2.89 0.03 7.203 < .001
Stability [SGA] 2.39 0.06 2.73 0.03 5.326 < .001
Locomotion [interview] 3.13 0.04 3.28 0.02 2.975 .003
Object Control [interview] 2.76 0.05 3.03 0.02 5.045 < .001
Stability [interview] 2.70 0.04 2.83 0.02 2.739 .006
Note. SGA means supervised-guided group administration. Interview refers to one-
on-one interview. PA means physical activity. Physical activity was categorised 
based on a cut-off score of 2.75 out of 5. p < .006

3

4
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1 Table 3. Correlations indicating association between perceived motor competence and 

2 physical activity, and concurrent validity.

Cronbach's 
alpha Marginal_rel Physical Activity Stability (within 

administration)
 rxx r p r p

Locomotion [SGA] .67 .66 .310 < .001 .678 < .001

Object Control [SGA] .79 .78 .378 < .001 .498 < .001

Stability [SGA] .74 .74 .319 < .001 1 < .001

Locomotion [interview] .54 .53 .202 < .001 .557 < .001

Object Control [interview] .66 .67 .302 < .001 .480 < .001

Stability [interview] .52 .57 .248 < .001 1 < .001
3 Note. SGA means supervised group administration. Interview refers to one-on-one 

4 individual interview. Marginal_rel (rxx) refers to a reliability function estimate. 

5 Estimates in the column of perceived MC Stability are calculated within the same type 

6 of administration.

7
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1 Table 4. Estimate and threshold parameters modelled within the Generalized Partial Credit Model.

Group administration One-on-one interview Group administration One-on-one interview
item est b1 b2 b3 est b1 b2 b3 y z y z

Run 0.54 -4.34 -1.62 0.32 0.65 -2.88 -2.81 -0.75 2.72 1.94 0.07 2.06
Gallop 1.01 -2.08 -0.59 0.23 0.6 -2.77 -2.14 0.13 1.49 0.82 0.63 2.27
Hop 0.57 -3.01 -0.55 -0.07 0.59 -2.46 -2.1 0.57 2.46 0.48 0.36 2.67
Skip 0.95 -2 -1.06 -0.64 0.65 -2.53 -2.08 0 0.94 0.42 0.45 2.08
Jump Forward 0.83 -2.85 -0.97 0.29 0.63 -2.57 -2.31 0.07 1.88 1.26 0.26 2.38
Slide 0.91 -2.31 -1.93 -1.22 0.54 -3 -2.84 -0.63 0.38 0.71 0.16 2.21

Two-hand strike 0.57 -0.2 1.06 1.69 0.69 -0.81 0.67 1.65 1.26 0.63 1.48 0.98
One-hand forehand 1.04 -1.38 -0.3 0.31 1 -1.41 -0.71 0.47 1.08 0.61 0.70 1.18
Catch 105 -1.98 -0.37 0.29 0.55 -2.96 -2.52 0.35 1.61 0.66 0.44 2.87
Bounce 0.83 -3.07 -1.05 -0.47 0.53 -2.9 -2.61 -0.31 2.02 0.58 0.29 2.3
Kick 1.2 -1.79 -0.2 0.34 0.65 -2.54 -1.22 0.3 1.59 0.54 1.32 1.52
Overhand 1.1 -2.4 -0.36 1.12 0.61 -2.8 -1.73 0.72 2.04 1.48 1.07 2.45
Underhand 1.14 -2.22 -1.09 0.1 0.97 -2.87 -1.94 0.12 1.13 1.19 0.93 2.06

Unipodal Balance 0.83 -2.26 -0.8 0.51 0.81 -2.45 -1.96 1.13 1.46 1.31 0.49 3.09
Jump Sideways 0.97 -2.44 -0.77 0.15 0.45 -3.68 -2.12 0.7 1.67 0.92 1.56 2.82
Walking Backward 0.82 -1.03 0.37 1.53 0.51 -2.54 -0.22 1.36 1.40 1.16 2.32 1.58
Hop for Height 0.72 -1.15 0.39 1.42 0.59 -2.15 -0.71 1.24 1.54 1.03 1.44 1.95
Superman_woman 0.68 -1.87 -0.25 0.65 0.28 -4.61 -2.17 1.36 1.62 0.9 2.44 3.53
Move Sideways 0.7 -2.3 -1.72 -0.57 0.18 -6.76 -5.24 0.48 0.58 1.15 1.52 5.72
Unstable Balance 0.87 0.02 0.83 1.46 0.84 -0.81 0.84 2.24 0.81 0.63 1.65 1.40

2 Note. Est is the estimation of the within item difficulty in the partial credit model. b1, b2 and b3 refers to the first, second and third threshold between the four categories. (y) is 

3 the length between the thresholds b1 and b2 while (z) is the length between the thresholds b2 and b3. The positive values of the lengths indicate that all thresholds are ordered. 
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Figure 1. Comparison of two reliability functions with (A) being reliable from low to high values of the scale 
and (B) being reliable only for the bottom half of the scale. C showcases an ICC with equally distanced 

thresholds (yc = zc) and the item is average difficult for b2c = 0. D illustrates that yd < zd and the average 
difficulty is approximately at b3d = 0. 
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Figure 2. Reliability curve (column 1) and item information curves (ICC) for the single items. (A) refers to 
the locomotion in supervised group administration while (B) refers to locomotion in one-on-one interviews. 
(C) refers to the object control in supervised group administration while (D) refers to object control in one-

on-one interviews. (E) refers to the stability in supervised group administration while (F) refers to stability in 
one-on-one interviews. 
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Table S1. Estimates of items fit from confirmatory factor analysis

Group Administration Individual Interview

item X2 p X2 p

Run 41.777 .035 21.921 .188

Galop 33.040 .080 15.726 .675

Hop 15.915 .938 15.323 .640

Skip 12.842 .955 26.068 .128

Jump Forward 27.982 .261 16.417 .563

Slide 19.687 .661 15.934 .597

Baseball 33.159 .362 22.646 .482

Raquet 46.005 .052 26.607 .430

Bounce 42.090 .133 21.974 .821

Catch 36.109 .282 21.605 .868

Kick 34.676 .297 28.939 .416

Overhand Throw 32.607 .340 22.796 .696

Underhand Throw 23.386 .759 18.041 .755

Unipodal 32.189 .457 26.637 .322

Jump Sideways 3.702 .430 21.091 .782

Walking Back 53.979 .009 38.435 .071

Hop for Height 38.427 .237 29.330 .296

Superman / Woman 41.395 .179 18.208 .955

Move Sideways 43.560 .067 32.181 .312

Unstable Balance 26.219 .711 25.931 .255

Note. Items are modeled using signed chi-squared tests. p values < .001 indicate that 

items do not fit into the scale and would violate model assumptions. 
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