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Abstract

The objectives of this study were to a) verify the validity and reliability of a scale to assess skill levels to learn content knowledge (SLACK) and b) 
develop percentile norms to assess the SLACK of adolescent students. The study included 2270 students (1134 males and 1136 females) rang-
ing in age from 10.0 to 18.9 years old. A scale was used to measure the SLACK. The results showed high values of validity (saturation between 
.32 and .54) and with internal consistency from .83 and .84. The LMS method made it possible to create percentiles p10, p50, and p90 in order 
to classify the (SLACK) based on category, age, and sex. The results suggested the use and application of the scale with the school education 
system by using the percentiles to diagnosis, classify, and monitor the skills for learning knowledge validly and reliably. 
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Introduction

The skill for learning refers to acquisition, selection, and 
integrated mobilization of knowledge, skills, and attitudes 
necessary to learn continuously throughout the lifetime (Vil-
lardón-Gallego, Yániz, Achurra, Iraurgi, & Aguilar, 2013). This 
process is based on experiences and previous learning. The 
objective of these is to use and apply new knowledge and 
capabilities in diverse contexts, such as those from private 
and professional life as well as those during education and 
formation, respectively (CCE, 2005).

All learning activities undertaken throughout life are done 
so with the objective to improve knowledge, skills, and com-
petencies (European Commission, 2001). In this sense, the 
school’s agenda, among other goals, is the need to teach to 
learn. This is to provide to students the individual and inter-
personal resources that permit them to confront challenges 
with autonomy, activating their knowledge, abilities, and abil-
ity to solve problems successfully (IVEIE, 2012, p 4).

In general, self-directed learning can be defined as the degree 
students participate actively in their own learning processes 
from a meta-cognitively, motivationally, and behaviorally 
(Zimmerman, 1989). Therefore, the success of the compe-
tency translates into the mobilization of all of the resources 
the individual has access to effectively resolve a particular 
demand, situation, or problem (Rios & Gómez, 2013).

Based on this perspective, a number of recent studies have 
focused their objectives on studying dimensions and/or 
categories of skills for learning (Cabanach et al., 2006; Sáiz, 
Montero, Bol, & Carbonero, 2012; Suárez & Fernández, 2011; 
Villardón-Gallego, Yániz, Achurra, Iraurgi, & Aguilar, 2013) 
where self-efficacy, self-directed, and cognitive and affective 
strategies stand out, including the construction and transfer 
of knowledge, among other dimensions.

In fact, these proposals developed for schools and universi-
ties play a fundamental role when it is time to measure skills 
for learning. Therefore, with these instruments, it is possible 
to diagnose, classify, and monitor students during school 
and university years. However, to date, no research studies 
exist that demonstrate scales or instrument that allow diag-
nosis and classification of skills for learning knowledge at the 
student level. In addition, actually, Chile has no valid and/or 
adapted instruments to assess the youth and adolescent stu-
dent population. Studying this problem is relevant in terms 
of incorporating new knowledge. Competencies for learn-
ing are composed of different elements that favor effective 
performance throughout life (Villardón-Gallego et al., 2013). 
Above all, these are needed for different learning contexts 
that arise (Salmerón & Gutiérrez, 2012) inside and outside 
school programs. 

From this perspective, the objectives of this study were a) to 
verify the validity and reliability of an instrument that assess-
es the skill levels of adolescent students to learn and b) to 
develop percentile norms to validate the skill levels for learn-
ing in adolescent students. This information may be useful 
for multi-disciplinary educational professionals since the use 
and application of this instrument may help students acquire 
new knowledge in particular areas of the life sciences.

Methodology

Sample

A descriptive cross-sectional project was designed to study 
2270 adolescents (1134 males and 1136 females) in the 
Maule Region (Chile). Students were selected probabilistical-
ly (stratified by proportional allocation), representing 14% of 
the total population % (CI= 95%). The calculation procedure 
is depicted in Figure 1. Age ranged from 10.0 to 18.9 years. 
The average age for both sexes was 14.23 ± 2.39. Six munici-
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pal schools located in the urban area of the Maule Region 
(Chile) were included in this study.

Figure 1. Selection procedure for the sample (n= 2270).

Students selected to participate in the study were those 
attending classes regularly at each of the schools and pro-
viding written informed consent. Students not attending 
the daily evaluations, not completing the information on 
the questionnaire, or not providing informed consent 
were excluded from the study. The research was based on 
the Declaration of Helsinki and the ethical procedures of 
the local Ethics Committee.

Techniques and Instruments
	
To collect information about competencies for learning, 
a questionnaire was used as the data collection instru-
ment. It was originally proposed by Villardón-Gallego et al. 
(2013). This questionnaire is composed of four categories 
and/or indicators (knowledge transfer, personal knowl-
edge about how to learn, knowledge construction, and 
self-directed learning). The questionnaire consists of a to-
tal of 18 questions. The validity of the original instrument 
was determined by using three techniques: a panel of ex-
perts, confirmatory factorial analysis CFA (RMSEA= .039), 
and criterion validity (r= .72). 

The instrument was given during the school day (8:00 to 
12:00 hours) Monday to Friday based on school timeta-
bles, availability, and permission. A team of examiners 
was in charge of the procedures for giving the question-
naire. The four examiners had previously undergone 
training for procedures for collecting information in the 
schools selected for the research study. At the beginning 
of the testing procedures, the objectives and the relevance 
of the study were explained. Afterwards, instructions were 
provided about how to fill out the questionnaire. Between 
10-15 minutes were given for students to complete the 
necessary information. While filling out the questionnaire, 
students could request additional information if they had 

questions about the questionnaire. The questionnaire was 
given only once to the students. The instrument provided 
three alternative answers: 

a) always, 
b) sometimes, and 
c) never.

To validate the instrument, construct validity was chosen 
(confirmatory analysis). The original questionnaire instru-
ment consisted of 18 questions. However, after validating 
the instrument, two questions were eliminated (numbers 
6 and 12 from the original version). The questions elim-
inated showed communalities less than .30 and Cron-
bach’s α< a .70. As a result, the instrument was reduced 
to 16 question items for the Chilean version. Reliability 
was determined by the technique of internal consistency 
(r= .86). To evaluate the skill level for learning, percentiles 
were used. The cut-off points adopted were < p10 for the 
low level, p10 to p90 for the moderate level, and > p90 for 
the high level.

Statistical Procedures
	
Previously, normality of the data was verified by means of 
the Kolmogorov-Smirnov method.  Subsequently, descrip-
tive analysis of the arithmetic mean, standard deviation, 
range, frequencies, and percentages were calculated. In 
addition, asymmetry was calculated to verify the uniform 
distribution around the arithmetic mean. The kurtosis 
was used to verify the degree of concentration presented 
by the values in the central region of the distribution for 
each item. For construct validity, the multivariate analysis 
technique (confirmatory factorial analysis) was used. The 
calculation of the adjustment model provided values for 
the following: Varimax Kaiser-Meier-Olkin (KMO) rotation, 
X2, square root of the residual mean (RMR), approximation 
(RMSEA), average mean square error of approximation 
(RMSEA), and percentage of variance. 

The reliability of the instrument was verified by means of 
Cronbach’s α. Percentile norms were created by using the 
LMS method (Cole et al., 2000). This technique allowed for 
the creation of three smoothed curves: L(t) Box-Cox Pow-
er, M(t) Median, and S(t) Coefficient of Variation. Percen-
tiles p10, p50, and p90 were developed based on age and 
sex. All calculations were carried out on Excel sheets and 
with SPSS 18.0. The level of significance adopted was p< 
.001.

Results
	
The descriptive values obtained from the analysis of the 
instrument are illustrated in Table 1. Asymmetry showed 
values less than the average (-1.06 to - .11) while for the 
Kurtosis, values oscillated between .7 and .05 in all of the 
questions. Additionally, the factorial load values were con-
firmed for each category. Values varied between .32 and 
.54. The Kaiser-Meyer-Olkin KMO’s measure of sampling 
adequacy obtained was .6804.  The chi-square relation-
ship/ degrees of freedom was X2/df = 2.82 (p= .000) and 
RMSEA (.058). The reliability values of α showed .83 to .84. 
Following the confirmatory analysis, two questions (6 and 
12) were eliminated due to the fact that they reflected val-
ues less than .29. As a result, the instrument consisted of 
16 questions with a percentage of explication of 65.1% of 
the variance.

Population
n= 16 220

Males
n= 8590

Females
n= 7630

Stratified simple
IC= 95%

Males
n= 1134 (7.0%)

Age ranges
(years)

Females
n= 1136 (7.0%)

n= 68
n= 124
n= 165
n= 161
n= 173
n= 184
n= 134

n= 66
n= 59

10 - 10.9
11 - 11.9
12 - 12.9
13 - 13.9
14 - 14.9
15 - 15.9
16 - 16.9
17 - 17.9
18 - 18.9

n= 76
n= 121
n= 196
n= 185
n= 156
n= 135
n= 115

n= 85
n= 67
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Questions/categories Asymmetry Kurtosis CF Cronbach’s α
Knowledge transfer (% variance = 10.6%)

1 I use what I learned in course subjects at school in situations in daily life. -.754 .697 .41 .84 

2 Whenever possible, I use what I learned in one course in others. -1.066 .279 .48 .84

Personal knowledge as learning (% variance = 14.4%)

3 I know my personal strengths and weaknesses when undertaking learning in 
course subjects.

-.584 .677 .54 .83

4 I am aware of when I do well on assignments in school without the need to 
wait for the grades from the teacher.

-.456 .741 .39 .84

5 When I have taken a test, I know whether I have done well or not.  -.414 .326 .40 .84

Knowledge construction (% variance = 12.5%)

6 I know where I might find the materials necessary to study for course subjects.  -.116 .209 .48 .84

7 I am able to select the necessary information to study subjects with success. -.157 .521 .32 .84

8 I am capable of separating fundamental information necessary for preparing 
course subjects from non-essential information. 

-.376 .323 .40 .84

9 When I search on the Internet, I am capable of selecting the documents neces-
sary for the subjects I am working on or studying.

-.176 .203 .36 .84

Self-directed learning (% variance = 27.6%)

10 I persevere until I achieve the objectives I have set for myself. -.408 .247 .33 .83

11 I continue my efforts in activities that are difficult or of little interest to me. -.718 .554 .41 .83

12 I take charge of my own learning. -.283 .357 .41 .84

13 I alter my learning strategies if they do not provide the results I expect. .416 .697 .36 .85

14 I am interested in learning from different situations. -.447 .257 .42 .83

15 I achieve a deep understanding of the themes that I learn. -.395 .049 .46 .83

16 I demonstrate skills to learn by myself. .105 .458 .43 .84

Age 
(years)

N Males (n= 1134) n Females (n= 1136)

L M S p10 p50 p90 L M S p10 p50 p90

Knowledge transfer (KT)

10 68 1.82 4.64 .21 3.2 4.6 5.8 76 1.28 4.68   .21 3.4 4.7 5.9

11 124 1.63 4.56 .21 3.2 4.6 5.7 121 1.33 4.60   .21 3.3 4.6 5.8

12 165 1.43 4.50 .21 3.2 4.5 5.6 196 1.35 4.50   .21 3.2 4.5 5.7

13 161 1.24 4.43 .21 3.2 4.4 5.6 185 1.30 4.40   .21 3.2 4.4   .5

14 173 1.06 4.38 .20 3.2 4.4 5.5 156 1.06 4.41   .20 3.3 4.4 5.5

15 184   .88 4.35 .20 3.2 4.3 5.5 135   .58 4.41   .19 3.4 4.4 5.5

16 134   .69 4.38 .20 3.3 4.4 5.5 115  -.03 4.38   .17 3.5 4.4 5.5

17 66   .56 4.37 .19 3.3 4.4 5.5 85  -.66 4.36   .16 3.6 4.4 5.4

18 59   .48 4.33 .19 3.3 4.3 5.5 67 -1.30 4.38   .14 3.7 4.4 5.4

Personal knowledge as learning (PCL)

10 68 1.50 6.73   .18 5.1 6.7 8.2 76 1.63 6.90   .18 5.1 6.9 8.4

11 124 1.46 6.75   .18 5.1 6.8 8.2 121 1.60 6.89   .18 5.2 6.9 8.4

12 165 1.41 6.84   .18 5.2 6.8 8.3 196 1.55 6.89   .18 5.2 6.9 8.4

13 161 1.35 6.85   .18 5.2 6.8 8.3 185 1.46 6.96   .17 5.3 7.0 8.4

14 173 1.34 6.82   .18 5.2 6.8 8.3 156 1.37 7.00   .17 5.4 7.0 8.5

15 184 1.41 6.89   .18 5.2 6.9 8.4 135 1.31 7.06   .16 5.5 7.1 8.5

16 134 1.52 7.04   .18 5.3 7.0 8.6 115 1.29 7.09   .16 5.6 7.1 8.5

17 66 1.69 7.09   .18 5.3 7.1 8.6 85 1.31 7.17   .15 5.8 7.2 8.5

18 59 1.90 7.05   .18 5.2 7.1 8.6 67 1.32 7.16   .14 5.8 7.2 8.4

Table 1. Descriptive analysis (average and ±SD), saturation values, and Cronbach’s α of the instrument.

Table 2. Percentile values for assessing the skill levels for learning knowledge in adolescent students by age and sex. 

Legend: X= Average, SD=Standard deviation, CF= Factor load, α= Cronbach’s Alpha.
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Age 
(years)

N Males (n= 1134) n Females (n= 1136)

L M S p10 p50 p90 L M S p10 p50 p90

Knowledge construction (KC)

10 68 2.16 9.93   .16 7.6 9.9 11.7 76 2.17 9.77   .15 7.6   9.8 11.5

11 124 2.11 9.83   .16 7.6 9.8 11.6 121 2.12 9.84   .15 7.7   9.8 11.6

12 165 2.08 9.79   .16 7.6 9.8 11.6 196 2.08 9.89   .15 7.7   9.9 11.6

13 161 2.07 9.71   .16 7.5 9.7 11.5 185 2.07 9.92   .15 7.8   9.9 11.7

14 173 2.06 9.67   .16 7.5 9.7 11.4 156 2.09 9.99   .15 7.8 10.0 11.7

15 184 2.03 9.71   .16 7.5 9.7 11.5 135 2.10 10.02   .15 7.8 10.0 11.8

16 134 1.99 9.76   .16 7.5 9.8 11.6 115 2.09 10.02   .15 7.8 10.0 11.8

17 66 1.97 9.73   .16 7.5 9.7 11.6 85 2.05 10.11   .15 7.9 10.1 11.9

18 59 1.96 9.55   .17 7.3 9.5 11.4 67 2.01 10.24   .15 8.0 10.2 12.1

Self-directed of learning (SDL)

10 68 0.99 16.80   .17 12.0 17.0 20.0 76 1.11 15.96   .18 12.2 16.0 20.7

11 124 1.11 15.80   .15 12.0 16.0 20.0 121 1.29 16.20   .17 12.4 16.2 20.7

12 165 1.44 15.90   .15 12.0 16.0 20.0 196 1.49 16.15   .17 12.5 16.1 20.5

13 161 1.54 15.70   .15 12.0 16.0 20.2 185 1.62 16.08   .16 12.5 16.1 20.2

14 173 1.57 15.80   .14 12.0 16.0 20.0 156 1.61 16.22   .15 12.8 16.2 20.3

15 184 1.44 14.80   .14 12.0 15.0 20.0 135 1.49 16.21   .15 12.8 16.2 20.2

16 134 1.21 15.80   .14 12.0 16.0 20.0 115 1.33 16.10   .15 12.8 16.1 20.0

17 66 1.08 16.80   .11 12.0 17.0 20.0 85 1.18 16.04   .14 12.0 16.0 20.0

18 59 0.98 15.40   .13 12.6 15.5 20.1 67 1.07 15.80   .14 12.9 15.8 20.2

Level of skill for learning(Full scale)

10 68 1.47 42.80   .13 30.9 43.0 48.9 76 1.51 41.90   .15 33.4 41.9 49.6

11 124 1.68 39.80   .12 33.0 40.0 47.3 121 1.78 41.95   .15 33.5 41.9 49.2

12 165 1.98 41.90   .11 35.0 42.0 50.0 196 2.00 41.70   .14 33.3 41.7 48.7

13 161 1.99 39.80   .11 34.0 40.0 47.0 185 2.03 41.50   .14 33.3 41.5 48.3

14 173 1.65 40.70   .13 34.0 41.0 48.0 156 1.70 41.81   .14 34.0 41.8 48.7

15 184 1.14 39.80   .13 31.0 40.0 47.0 135 1.25 42.07   .13 33.0 42.1 49.1

16 134   .86 40.80   .11 35.0 41.0 48.0 115 0.91 41.98   .13 35.1 42.0 49.0

17 66   .68 42.80   .11 34.5 43.0 49.5 85 0.74 41.85   .13 35.3 41.8 48.7

18 59   .61 40.10   .98 32.5 40.5 47.2 67 0.68 41.31   .12 35.0 41.3 47.9

T 1134 1.34 40.94 0.21 33.3 41.2 48.1 1136 1.40 41.79 0.1 33.9 41.7 48.870

SLACK

KT KCPCL SDL Full scale

Low: < 3 points
Medium: 4 points
High: >  5 points

Low: < 5 points
Medium: 6-7 points
High: >  8 points

Low: < 7 points
Medium: 8-10 points
High: >  11 points

Low: < 7 points
Medium: 8-10 points
High: >  11 points

Low: < 7 points
Medium: 8-10 points
High: >  11 points

Table 2 depicts the percentiles that may be used to diag-
nose the SLACK. The p50 values for both sexes showed 
relatively similar values, and they remained relatively sta-
ble with regard to age. Furthermore, the competency lev-
els may be evaluated by category, age, sex, and the entire 
scale. 	

Figure 2 illustrates the cut-off points for evaluating the 
SLACK in adolescents of both sexes. These values coin-
cided for both sexes. Therefore, only one scale has been 
created for both sexes. These values may be interpreted 
as low level, moderate level, and high level.

Legend: L: Asymmetry, M: Median, S: Coefficient of variation, KC: Knowledge transfer, PCL: Personal knowledge as learn-
ing, KC: Knowledge construction, SDL: Self-directed learning.

Figure 2. Cut-off points for assessing skill levels for learning knowledge SLACK in adolescent students of both sexes (KT: 
Knowledge transfer, PCL: Personal knowledge as learning, KC: Knowledge construction, SML: Self-directed learning).
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Discussion

With regard to the validity of the scale used to assess the 
adolescent students of the Maule Region, the results of the 
study showed that the instrument is valid. This was verified 
through confirmatory factorial analysis. The factorial loads 
showed values greater than .32. In fact, the values obtained 
are considered to be the acceptable minimums since facto-
rial loads between .50 and .70 are significant, and factorial 
loads greater than .70 are indicators of well-defined satura-
tion (Figueiredo-Filho & Silva-Junior, 2010). Furthermore, it is 
necessary to point out that the KMO (.6804) values obtained 
in this study are considered reasonable since they are in 
the range of .60 to .70 (Dini et al., 2014). The RMSEA index 
showed a value less than 0.05.  In the model, this reflects a 
good fit (Browne & Cudeck, 1993).
 
In general, the instrument validated showed values inferior 
to the values of the original study of the scale (Villardón-Gal-
lego et al., 2013). However, these values are similar in rela-
tion to studies that sought to validate scales through con-
firmatory analysis (Iglesias, 2009; Jaramillo & Ossesa, 2012; 
Caso-López, Niebla, Fierro-Evans, & Díaz-López, 2015). More-
over, the percentage of the explication of the variance of the 
instrument as a whole showed 65.1%. This guarantees the 
power of the explanation of the instrument even though the 
original scale showed much higher values in relation to this 
research study. 

It is necessary to highlight that after the two AFC questions 
were eliminated, these reflected factorial loads less than 
0.29. Thus, the original instrument was reduced to 16 ques-
tions. These allowed confirmation of the parameters of the 
model initially proposed. 

With regard to the reliability of the instrument, Cronbach’s 
α values were highly reliable (.83 to .84). These findings are 
consistent with other studies with similar objectives (Jaramil-
lo & Ossesa, 2012; Cossio-Bolaños, Monné, Cornejo, Lepe, 
Vidal, & Araújo, 2013; Dini, Alves, Oliveira, & Guirardello, 
2014). In terms of quality control, reliability is a necessary re-
quirement that needs to be performed after the validation 
process. Therefore, the values observed in this study are 
considered to be acceptable based on the descriptive sug-
gestions provided by Oviedo and Campos (2005). Further-
more, it is necessary to emphasize that Cronbach’s α, without 
a doubt, is the technique most commonly used by research-
ers, especially when it means saving time and costs and sur-
veying large populations at a given time (Gómez-Campos et 
al., 2015). 

To construct the cut-off points and to classify the adolescents 
according to the skill levels, the creation of percentiles was 
opted for. These were calculated by using the LMS method 
(Cole, Bellizzi, Flegal, & Dietz, 2000) where the extremes of 
the centiles may be estimated more efficiently and precisely 
in relation to traditional methods (Kulaga et al., 2011).

Therefore, the percentile for an individual indicates the 
NCPAC whether it is by category or by the entire scale. This 
tool serves to classify and diagnose (Conde & Monteiro, 2006) 
reference groups and/or to separate subjects with a greater 
competency level in relation to those with lower levels. Thus, 
validation of the skills for learning may be estimated by using 
self-directed, knowledge construction, personal knowledge 
as learning, and knowledge transfer. These competencies 
involve processes such as evaluating specific learning needs 
selection of specific strategies, and monitoring learning until 
objectives pursued are acquired (Schulz & Stamov, 2010).

Actually, adolescents and children need a wide range of 
skills for their future personal and professional development 
(Gordon et al., 2009). Therefore, in a globalized, diverse, and 
constantly changing society, it is necessary to develop new 

strategies for learning knowledge. For this, it is necessary to 
stimulate from infancy until adulthood formal and non-for-
mal education environments (Comisión de las Comunidades 
Europeas, 1999). Thus, permanent learning should be con-
sidered as a priority for educational policies of a region and/
or country as is proposed for the European Union (Valle & 
Manso, 2013) where education is conceived as lifelong learn-
ing, and its development should be throughout the lifetime. 
Therefore, this might guarantee better performance for ad-
olescents in the future, especially during the school years, 
university life, and professional practice.  
	
In general, this study has some potential advantages based 
on the large sample size, the probabilistic selection of the 
sample, and the validity of the instrument used to carry out 
this research. These guarantee generalizability of the results 
to the Maule Region, including the sample of adolescents 
throughout Chile. However, on the other hand, it is neces-
sary to point out that it was not possible to establish relia-
bility based on measures of stability (test re-test). This would 
have guaranteed better quality control of the scale used. Fu-
ture studies should control for this elementary aspect even 
though it would mean a greater inversion of time and mon-
ey. Another aspect that could not be controlled for was so-
cio-economic status since this study was limited to studying 
students in state schools (called municipal in Chile). 
	
Conclusion

In conclusion, based on the results obtained from this study, 
the researchers concluded that the scale for assessing the 
skill levels for learning knowledge SLACK in statistical terms 
were valid and reliable. The results suggest the use and imple-
mentation of this instrument within the educational system, 
particularly in Chile. Percentiles are available for diagnosing, 
classifying, and monitoring skills for learning knowledge dur-
ing adolescence. The calculations for the scale may be car-
ried out in real time using the following link: http://www.rei-
debihu.net/learn_knowledge.php. To confirm these findings, 
more research studies are necessary. These need to include 
students from different economic backgrounds, geographic 
regions, and urban and rural areas, respectively. 
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