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Abstract 
Hands-on science lessons to motivate and engage students as well as to en-
hance self-directed learning (SDL) have been suggested as the main goals of the 
21st century through the knowledge-in-use perspective. Compared to conven-
tional learning methods, SDL requires more advanced self-directedness and 
critical thinking skills applied by learners to conceptualize properly in sub-tasks 
to reach the relevant final conclusions. Achieving this requires one’s sophis-
ticated executive functions to choose the best alternative, because proper 
processing is enabled only by resisting mental distractions and inhibiting 
prepotent answers. The aforementioned skills, however, markedly vary among 
school students, as they are still in the stage of normal maturing. Thus, poss-
ible individual and gender-based differences among school-age learners should 
be studied more carefully, as the majority of the SDL suggestions have been 
given based on adult learners. To enhance scientific literacy and explore the 
learners’ individual characteristics for that, we conducted a study of self-directed 
outdoor learning with school students aged 15 y (N = 82) examining their 
evidence-based concept construction in a real-life context. We measured: 1) 
participants’ cognitive executive skills, and 2) their prior and post-knowledge 
levels; with both variables compared also by gender. The results showed dif-
ferences in participants’ knowledge acquisition trajectories and relations be-
tween their prior and post-knowledge as well as individual characteristics in 
predicting the outcome of self-directed learning (SDL). Further research on 
the heightened cognitive demand accompanying complex learning is needed 
in order to implement SDL efficiently. 
 

Keywords 
Self-Directed Learning (SDL), Cognitive Executive Functions, Outdoor 
Learning, Cognitive Load, Prior Knowledge 

How to cite this paper: Uus, Õ., Mettis, K., 
& Väljataga, T. (2022). Cognitive Skills in 
Adolescents’ Self-Directed Learning Effi-
cacy. Creative Education, 13, 583-598. 
https://doi.org/10.4236/ce.2022.132035 
 
Received: December 31, 2021 
Accepted: February 15, 2022 
Published: February 18, 2022 
 
Copyright © 2022 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/

  Open Access

https://www.scirp.org/journal/ce
https://doi.org/10.4236/ce.2022.132035
https://www.scirp.org/
https://doi.org/10.4236/ce.2022.132035
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Õ. Uus et al. 
 

 

DOI: 10.4236/ce.2022.132035 584 Creative Education 
 

1. Introduction 

In our rapidly changing everyday lives, science applications are more than ever 
needed for orienting and reaching evidence-based conclusions (Aziz, Zain, Sam-
sudin, & Saleh, 2014). To be prepared for that, education fosters hands-on scien-
tific knowledge gain that is the core of 21st-century life-long learning to adapt 
flexibly (Lee, Tsai, Chai, & Koh, 2014). However, school students often lack two 
important aspects for this: 1) motivation, especially in adolescence age when 
their aspirations are formed (Zepeda, Richey, Ronevich, & Nokes-Malach, 2015); 
2) prior domain-knowledge consisting of a) learning strategies for concept con-
struction, and b) sufficiently advanced cognitive skills to handle a large amount 
of information concurrently (Schwaighofer, Bühner, & Fischer, 2017). Both re-
quire the handling of multi-level information in the focus of the human limited 
working memory (Engle, 2018) to gain the change in understanding (du Toit-Brits, 
2018) to reach a proper final conclusion (Schwaighofer et al., 2017). This is needed 
to transfer content knowledge while learning: the execution of prior procedures 
and principles (or recalled prior concepts familiar to the present problem fea-
tures) applied together to new problem resolving (Zepeda et al., 2015: p. 3). 
Thus, executive functions enabling students to resist distractions while encoding 
relevant units of information seem to be highly important especially in complex 
learning that itself is more loading for the learner (Schwaighofer et al., 2017) 
compared to conventional learning methods (de Bruin & van Merriënboer, 
2017). Prior research has found that executive functions: the skills to monitor 
and manipulate information in mind (working memory) while suppressing dis-
tracting information and unwanted responses (inhibition) for flexible thinking 
(shifting between the different items) play a critical role in the development of 
complex learning proficiency (Cragg & Gilmore, 2014). Based on that, the cur-
rent work investigates the relationships between school students’ complex learning 
regarding scientific concept construction and the respective individual characte-
ristics. We provide an illustrative example of the prior work on multidimension-
al reciprocity of the executive skills (Figure 1) in complex learning, where the 
dashed lines represent relationships that change over the course of human de-
velopment. 

What makes science learning complicated is that young students often lack 
critical thinking competency for scientific argumentation: the ability to under-
stand principles (theories, and laws about a scientific issue); the skills to use cor-
rect epistemology (for evaluations); also the capacity (a) to construct, and (b) to 
communicate one’s own knowledge (Faize, Husain, & Nisar, 2017). As it re-
quires conceptual thinking (Dörrenbächer & Perels, 2016) that is based on con-
stant adjusting of attention (Francom, 2010: p. 31), it necessitates certain aspects not 
fully matured yet in novice learners: 1) Not to lose sight of the aim (to continue to 
pursue the goal) while combining disparate units of information—the process, 
which requires advanced working memory capacity and executive functions ensur-
ing that only task-relevant (not irrelevant) information will be processed (Shipstead,  
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Figure 1. The theoretical framework of the cognitive executive functions in complex 
learning was adopted from Cragg & Gilmore (2014). 

 
Harrison, & Engle, 2015). 2) Carrying out the sub-tasks at the same time re-
quires a high level of metacognition to maintain all the mental acts (Roebers, 
2017). However, if the cognitive load is too high and directly impairs one’s con-
ceptualization (Janssen, Kirschner, Erkens, Kirschner, & Paas, 2010), it severely 
hampers deep learning (Butcher & Sumner, 2011). 

Research problem 
As complex learning is grounded in the learner’s simultaneous requirement to 

keep a set of relevant information items in mind while managing other learning 
activities, it is more demanding than conventional learning methods (De Bruin 
& van Merriënboer, 2017) where cognitive overload is a high risk (Kirschner, 
Sweller, & Clark, 2006), as the human cognitive capacity is able to process effi-
ciently only a small amount of concurrent information held active in a short pe-
riod of time (Cowan, 2014). Hence, the executive functions during the cognitive- 
constructive activity (Davidson, Amso, Anderson, & Diamond, 2006) are particu-
larly needed to resist irrelevant items (e.g., too many learning tasks, one’s own 
ideas not needed at the moment yet interrupting the processing or a social noise 
caused by the peers) in order to deal only with relevant information (Schwaighofer 
et al., 2017: p. 62). This kind of co-work of executive functions is truly difficult 
especially in children (i.e., continually resetting when the task changes) because 
from a developmental perspective it has a long progression towards the final ma-
turity (Davidson et al., 2006). Thus, in performing complex tasks the high and 
low-capacity individuals differ greatly (Engle, 2018; Rutherford, Buschkuehl, Jaeg-
gi, & Farkas, 2018; Sweller, van Merriënboer, & Paas, 2019). This paper aims to 
investigate the self-directed concept constructions using the venue of scientific 
outdoor learning, where hands-on participants can draw conclusions based on 
evidence, make decisions about the natural world, and consider the human-made 
changes directly influencing nature (OECD-PISA, 1999). The problem in this 
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process might be related to the heightened cognitive load (compared to the 
teacher-directed method) that can hamper resisting distraction (Rutherford et 
al., 2018) for the transfer of knowledge (Sweller et al., 2019; Young et al., 2014; 
Zepeda et al., 2015) to reach a proper conceptual conclusion (du Toit-Brits, 
2018). This new outdoor learning scenario can open the different corners of the 
cognitive demand accompanying complex SDL allowing us to explore the re-
spective individual differences. Prior work highlights the need for empirical stu-
dies with adolescence age samples encompassing, in addition to the above- 
mentioned aspects also the developmental spurts of puberty that can also have 
an impact on the learning progress while the initial conceptualization of the SDL 
method (and suggestions on this) is based on adult learners (Schweder & Rau-
felder, 2019). 

2. Theoretical Background 

As in any learning method, especially in the SDL context, the learner’s executive 
functions that support the working memory processing during his/her cogni-
tive-constructive activity (Reio & Davis, 2005) enable to manipulate only rele-
vant information (Schwaighofer et al., 2017: p. 62). The latter is challenging es-
pecially for novice students because of the need to integrate new information 
with the already existing one (Zepeda et al., 2015) i.e., to reorganize prior know-
ledge that in children reveals the complexity of even apparently simple events, as 
they do not have yet as much experience as adults have (Gredler, 2012). For the 
same reason, some school students often accused of “not trying enough” are 
those with low capacity of working memory and executive functions interrela-
tion, thus they are not able to follow instructions, use resources, and make con-
clusions (Cowan, 2014). Still, as learners are active participants in the learning 
process, which means they are constructors of knowledge (not passive recipients 
of information waiting to be filled with knowledge), young students’ individual 
agency should be scaffolded properly (Zepeda et al., 2015) to keep the cognitive 
burden of the learners low in order to help to integrate prior and new know-
ledge, and learn to act on it (Hadwin & Oshige, 2011: p. 241). 

Developmental Aspects in SDL 

Developmental neuroscience suggests that brain functioning capability for com-
plex processing passes a prolonged developmental path of the maturing course 
(Lee, Bull, & Ho, 2013; Nęcka & Lulewicz, 2016). The human prefrontal cortex 
(that directly facilitates the cognitive processes) matures as the last area of the 
brain, taking place in late adolescence or early adulthood (Anderson, 2002; Reio 
& Davis, 2005). This causes significant individual differences in school students’ 
cognitive skills due to the varying maturing speed (Best & Miller, 2010). Thus, 
the fundamental cognitive functions (attention adjustment; abstraction, com-
parison, and differentiation, which are all multilevel psychological processes) are 
not to be simply “taken on” but are possible when they get sufficiently advanced 
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(Vygotsky, 1994: p. 356). Without the needed capability but still forced to con-
tribute all the energy trying to make sense of the learning material (Butcher & 
Sumner, 2011), students experience that multi-level complex tasks often add an 
overburden, which as a circle back restricts one’s executive control to grasp only 
the relevant info-items to be processed (Best & Miller, 2010). This can lead to 
inadequate conceptions (or fake concepts construction) about the phenomena 
(Duit, Treagust, & Widodo, 2008). The particular period is adolescence, as in 
this age the prefrontal cortex (that plays the most important role in executive 
functions’ spurt), together with the frontal lobe remarkably increases its white 
matter volume due to the advanced myelination that covers the axons. This as-
pect fosters rapidity in the transmission between the nerve-cell (Uytun, 2018) 
and makes the processing more efficient (Blakemore, 2012). At the same time, 
cognitive control functions, however, are also related to the pubertal hormonal 
processes, thus influencing the learning progress of boys and girls differently 
(Delevich, Thomas, & Wilbrecht, 2018; Schweder & Raufelder, 2021). E.g., boys 
(compared to girls) are found to use fewer control strategies in their learning 
(Schweder & Raufelder, 2019) due to the fact that in adolescence age the normal 
developmental maturation rhythm of cognitive control sophistication generally 
lasts longer in boys than in girls (Weber et al., 2021). Yet, girls, in general, prefer 
learning in the familiar settings (rather repeated and “secure” methods) not chal-
lenging them, and also relatively collaborative work formats (together with others); 
while boys enjoy challenges (preferring autonomous exploring around and disco-
vering new things) not practiced before (Liu, 2009). According to Vygotsky and 
Piaget suggesting that one’s social interaction is the root of his/her cognitive de-
velopment when working together: the group serves “as a teacher”; the group 
shapes a medium helping to solve the tasks (Stöckert & Bogner, 2020), where in-
dividual responsibility and positive interdependence improve the whole group’s 
outcome (Roger & Johnson, 1994: p. 2). Thus, it seems that such a “collective 
working memory” that enables sharing the individual cognitive load (Paas & 
Sweller, 2012) might have a beneficial impact on girls (who prefer group learning, 
Liu, 2009). Lower cognitive load allows one to act based on choice, not on impulse, 
thus preventing inappropriate responses and acts (Davidson et al., 2006). 

Current work 
Involving SDL phases: planning, exploring, synthesizing, and making con-

ceptual conclusions, we designed an autonomous science learning scenario. The 
aim of the participants’ activity in this experiment was to learn in small groups 
(consisting of 3 - 4 participants) about a real-life environment, namely cover-, 
and bare-seed plants grown in different circumstances (i.e., determine different 
conifers and deciduous trees: near the traffic and in a park) by gathering data, 
analyzing, and making conceptual conclusions based on scientific evidence. Be-
fore the outdoor learning task, we also detected learners’ individual cognitive 
executive capacity (i.e., inhibition to resist distractions in processing) using the 
Fruit Stroop task (by Meixner, Warner, Lensing, Schiefele, & Elsner, 2019) that 
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was adapted into Estonian for the current experiment. The rationale to involve 
this tool is based on prior work saying that both working-memory capacity as 
well as the cognitive executive functions (in order to find the “right” response 
one needs to inhibit the automatic or “wrong” ones) largely vary among young 
students (Nęcka & Lulewicz, 2016). Our ultimate goal was to find out the rela-
tions between school students’ individual characteristics: cognitive executive 
skills, knowledge level, gender, and their SDL outcome. The current experiment 
was organized as a part of a more extensive research study on innovative ap-
proaches to learning and teaching outside the classroom supported by technology. 

Research question and hypotheses 
We were seeking answers to our main research questions: Do we see any rela-

tions between the students’ prior and post-knowledge? How do novice school 
students’ cognitive executive skills interact in complex SDL? Are there gender 
differences in learning outcomes? Hypotheses are as follows: 

H1: There will be differences in participants’ knowledge acquisition trajectories. 
H2: The higher one’s pre-knowledge, the higher his/her post-knowledge gained 

in SDL. 
H3: The individual characteristics predict the outcome of SDL. 

3. Method 
3.1. Participants 

The participants of the study were school students, N = 82, aged ~15 y (Grade 8) 
from 4 different classes of three ordinary municipal schools in Tallinn, Estonia. 
Participation in the study was entirely voluntary. We decided to choose this age 
group for the following reasons: as in this age (of adolescence) the students are 
often unmotivated to learn science (Zepeda et al., 2015), thus the scenario (used 
in this work) may attract them. In this age group, the normal developmental 
spurts of puberty can reveal more clearly the differences among adolescents. 

Inclusion criteria. Although there was a larger sample size (94) of eighth- 
graders taking part in this outdoor-learning experiment, it turned out that a large 
proportion of students had not completed all; and/or answered all the questions; 
and/or did not provide their correct personal identification code they were asked to 
create at the beginning of the experiment (authentic combination of letters of one’s 
name and numbers of the date of birth) and used also in each of the next sub-tasks. 
Therefore, as we could not relate all the sub-tasks (due to the aforementioned 
missing aspects), we included in this work only the data of those students who had 
marked the correct identification code in all the sub-tasks, answered all the ques-
tions, and completed all the tasks. The final number of participants was 82. 

3.2. Research Instruments and Data Analysis 

1) Fruit Stroop task 
Colored rectangles present fruits in their correct colors, fruits in black and 

white, and fruits in incorrect colors, while participants were asked to “learn” and 
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click on a respective color (as quickly as possible), the Fruit Stroop task requires 
the suppression of the automatic or dominant response (i.e., clicking on the col-
ors one sees). The time on clicking (the correct colors on each page), and an in-
terference score were calculated automatically by the task (Meixner et al., 2019). 
The ‘‘Stroop effect” (which appears if automatic behavior interferes with the 
processing) links to inhibitory control, whereas the Fruit Stroop task also in-
volves the working memory aspect, necessitating the rule to be kept in mind and 
recalled properly as well as the appropriate fruit colors (Archibald & Kerns, 1999). 
The higher interference score indicates one’s lower inhibition ability (r = 0.78) 
(Meixner et al., 2019). We implemented this Fruit Stroop task as a web-based ap-
plication of JSPsych (De Leeuw, 2015). Time in seconds (spent on clicking cor-
rectly), and an interference score were calculated automatically by the applica-
tion (Meixner et al., 2019) that reveals a Stroop Effect when an automatic beha-
vior occurs that interferes with one’s processing related to one’s weaker execu-
tive function as a system: the inhibitory control together with the working memory 
contribution (i.e., a proper performance needs the right rule to be kept in mind) 
to push the right button (Archibald & Kerns, 1999). The higher the negative 
value in the Fruit-Stroop task interference score, the lower one’s inhibition abil-
ity (r = 0.78) (Meixner et al., 2019). 

2) Semi-structured questionnaires about a) participants’ pre-knowledge (i.e., 
before the outdoor-learning), and b) post-knowledge (i.e., after the outdoor- 
learning scenario). Participants’ knowledge levels were analyzed and coded based 
on Heddy, Danielson, Sinatra, & Graham (2017) operationalization of concep-
tual change referring to the process of restructuring conceptual knowledge about 
a phenomenon from non-scientific views towards accepted scientific perspec-
tives respectively: 

“1” the student has an inaccurate or misconception 
“2” a hybrid conception that mixes misconceptions with an accurate under-

standing of the concept(s) 
“3” an accurate but underdeveloped understanding of the concept(s) (1 rele-

vant explanation) 
“4” an accurate but developed understanding of the concept(s) (2 relevant ex-

planations) 
“5” a well-developed and nuanced understanding of the concept (3 or more 

relevant explanations). 
The coding was done by two researchers to avoid possible differences, Cohen’s 

kappa value (between the two researchers’ estimations) was 0.9 (Asymptotic Stan-
dard Error: 0.03; Approximate Tb: 17.7; p < 0.001), which shows that the validity 
was good (i.e., near-perfect agreement). After coding the participants’ results, the 
data analyses were conducted with the Spss and R-Studio statistics programs. 

3.3. Procedure 

1) The Fruit Stroop task was conducted in participants’ everyday classroom, 
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where the students were asked to find a place in this room at separate tables each 
equipped with a tablet. We provided verbal instruction, demonstrated how to 
generate a personal ID-code (for anonymity of the data) and how to perform the 
Fruit Stroop task. The session lasted approximately 15 minutes. 

2) Participants answered the pre-knowledge questionnaire in the same room. 
After finishing the latter, participants were divided into groups to be prepared 
for the SDL task outdoors (mainly consisting of 3 group-mates). 

3) In the outdoor tasks, the participants gathered and analyzed real-world data 
in order to draw their scientific conclusions. Each group followed a predefined 
path with different location points to carry out necessary observations and mea-
surements if needed. The researchers’ task was to follow the students in their ac-
tivities remotely (and be there if needed) without direct intervention. 

Permission from the school director, then the science teacher was asked. Par-
ticipation in the learning event was voluntary and was decided by the teacher of 
this class. We sent a letter to the parents asking for their consent (to allow their 
children to participate in the study), where we described the study and its aim, 
data management, also ensured confidentiality as well as no harm caused to the 
students. Participants provided their personal consent while they entered the 
experiment. We also informed them that they can quit at any time. 

4. Results 

We first present an overview of the participants’ conceptual knowledge levels 
(descriptive is given in Table 1). The proportions by gender were as follows: 43 
boys (52%), and 39 girls (48%). The average levels of participants’ pre- and 
post-knowledge (Table 1) were statistically different t(80) = 4.4998, p < 0.001 
(p-value = 2.28e−05). 

We next analyzed the trajectories of the participants’ knowledge level change. 
It turned out that in the case of most students it improved, but there were also 
individuals whose post-knowledge result decreased (i.e., their change was nega-
tive with the dynamics that show lowering). A paired t-test showed a statistically 
significant difference between those two dynamics, t(81) = −7.2366, p < 0.001 
(p-value = 2.348e−10). We call this change delta, which shows Δ(82) = 66% in-
creased; Δ(82) = 22% remained the same, and Δ(82) = 12% tended to decrease 
instead of increasing (that was assumed to happen). H1 (There will be differenc-
es in participants’ knowledge acquisition trajectories). We examined also a cor-
relational relationship between the participants’ pre- and post-knowledge levels. 
Pearson’s product-moment correlation analysis showed a strong correlation r = 
0.5 (t = 4.4998, df = 80, p-value = 2.28e−05; cor: 0.4494257). Based on this outcome  

 
Table 1. The descriptive of participants’ knowledge levels. 

 N M SD range skewness 

Pre-knowledge 82 2.15 1.48 0 - 6 0.72 

Post-knowledge 82 3.48 1.65 0 - 6 −0.27 
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we can say that the higher the learner’s pre-knowledge, the higher his/her 
post-knowledge level (that he/she had gained during the SDL scenario). H2 (The 
higher one’s pre-knowledge, the higher his/her post-knowledge gained in SDL) 
was confirmed. We next examined the participants’ knowledge levels regarding 
the variable gender (Figure 2). We see that the final conceptual knowledge im-
proved more efficiently in girls than in boys. The Two-Sample t-test showed 
t(79.996) = −2.2384, p < 0.05 (p-value = 0.02798). 

The simple linear regression model where the level of post-knowledge (depen-
dent variable) was analyzed by the static (independent) variables: 1) pre-knowledge, 
2) Fruit Stroop result, and 3) gender showed that the model is statistically signif-
icant F(78) = 12.5, p < 0.001 (p-value: 9.311e−07); it’s predictive power R = 0.324 
is relevant describing 32% (R2 = 0.299) of the variance, and all the predictors 
(i.e., independent characteristics) are also significant (Table 2). 

 

 
Figure 2. Participants’ prior and post-knowledge levels by gender (N = 82). 

 
Table 2. Regression model results. 

Independent characteristics β-value p-value 

Prior-knowledge level β = 0.5559 
1.23e−06*** 
(p < 0.001) 

Gender girl β = 0.8863 
0.00582** 
(p < 0.01) 

The Fruit Stroop score β = 0.1721 
0.03214* 
(p < 0.05) 

Significance codes: ***0.001; **0.01; *0.05. 
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We also aimed to establish whether there is an interaction in the case of gend-
er. It turned out that there was no interaction (in both cases, the logic was the 
same, and the result was valid as shown in Figure 3). 

Based on the outcome of the regression analysis that clearly shows the signi-
ficance of the combination: one’s prior knowledge, cognitive executive skills, and 
gender. It can be said that the higher score in the cognitive skills (p < 0.05) pre-
dicts a higher level of post-knowledge gain. We also see that gender (p < 0.01) 
predicts a higher level of post-knowledge gain in girls, allowing us to say that 
girls learned better than boys. H3 (The individual characteristics predict the 
outcome of SDL) was confirmed. 

5. Discussion 

The current work investigated adolescent-age school students’ scientific concept 
construction and explored the aspects of individual characteristics for that. We 
found that the conceptual knowledge of most of the students increased as a re-
sult of the given SDL assignment. However, for many of them, the knowledge 
level stayed the same (as prior to the outdoor learning episode) or even de-
creased. This allows us to say that H1 (There will be differences in participants’ 
knowledge acquisition trajectories) was confirmed. It also turned out that the 
participants’ prior and post-knowledge levels were correlated. Based on our first 
RQ (Do we see any relations between the students’ prior and post-knowledge?) 
the latter finding is in line with previous findings: prior knowledge contains in 
addition to the basic factual domain-knowledge also the learning strategies for 
concept construction requiring thus sufficiently advanced cognitive skills to 
handle a large amount of information concurrently (Schwaighofer et al., 2017) 
H2: (The higher one’s pre-knowledge, the higher his/her post-knowledge gained  

 

 
Figure 3. Interaction control by gender in participants’ gained knowledge (N = 82). 
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in SDL) was confirmed. Based on our second RQ-s (Are there gender differences 
in learning outcomes?) it came out that a higher level of post-knowledge was 
gained by girls than by boys. This finding relates to prior work that female stu-
dents at adolescence age (compared to male students of the same age) have 
greater willingness to put the effort into their learning process, while boys 
(compared to girls) are found to use fewer control strategies (Schweder & Rau-
felder, 2019). Based on our third RQ-s (How do novice school students’ cogni-
tive executive skills interact in complex SDL?), the significance of the cognitive 
executive functions was revealed. This also directly relates to prior studies: as 
SDL necessitates constant shifting (from one subtask to another as well as from 
one strategy to another), it needs to avoid distractions (Schwaighofer et al., 2017) 
to mentally excerpt and “put on hold” a relevant part of the information 
(Rutherford et al., 2018). The executive “controller” enables to highlight and 
process only the needed info-items in order to memorize the relevant information 
(Nęcka & Lulewicz, 2016), which is needed for two reasons: firstly in initial en-
coding and relating the new and prior knowledge for drawing a conclusion in 
one’s mind in order to make a choice (among alternatives) and release the rele-
vant (right) answer or behavioral act, and secondly, at the same time it also 
needs to inhibit the automatic or wrong response (Cragg & Gilmore, 2014; En-
gle, 2018). In this process, however, also the working memory is fundamental 
because it enables one to recall appropriate responses (not the quickest one) by 
keeping respective rules of present relevance in mind (Archibald & Kerns, 1999). 
Yet, both of them, the working memory as well as the executive abilities of 
children, follow prolonged maturity paths throughout their development—the 
aspect that causes considerable individual differences in a “co-work” between 
the working memory and inhibition (Anderson, 2002; Best & Miller, 2010; Da-
vidson et al., 2006; Lee et al., 2013; Nęcka & Lulewicz, 2016). Thus, in perform-
ing complex tasks the low- and high-capacity individuals differ greatly (Engle, 
2018; Rutherford et al., 2018; Sweller, van Merriënboer, & Paas, 2019) because 
without the needed capabilities the multi-level processing often adds an over-
burden, which as a circle back restricts one’s executive control to handle only the 
relevant information (Best & Miller, 2010). H3 (The individual characteristics 
predict the outcome of SDL) was confirmed. Due to the fact that in SDL there is 
required to carry out (a) the mental encoding-retrieval interactions as well as (b) 
all the physical activities regarding one’s hands-on learning, thus, the cognitive 
load of the individual learner (in performing the two types of operations) is even 
higher. Based on prior work (Cragg & Gilmore, 2014) and the current work em-
pirics we propose the following hypothetical model (Figure 4) of the contribu-
tion of the cognitive executive functions in the complex SDL method context. 

In light of this, another aspect of the small group work (that was used also in 
the present experiment) should be studied in more detail in the framework of 
complex SDL. On the one hand, prior work suggests that the group can help the 
individual learner to lower one’s own cognitive load (Paas & Sweller, 2012). Yet,  
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Figure 4. The model of cognitive executive functions in complex SDL. 

 
on the other hand, might it be as an additional load i.e., an irrelevant external 
distraction interrupting the individual encoding (in an already high load condi-
tion accompanying complex learning)? Multitasking may intervene in one’s own 
processing, and when seeking help it can distract also fellow students, which, as 
a result, complicates the whole group’s learning (Heflin et al., 2017). Those as-
pects we open in our next study, where we aim to explore in more fine-granted 
the pros and cons of collaborative learning while novice students practice their 
independent scientific knowledge construction. Our ultimate aim is to develop 
the scaffolding strategies respective to an individual learner’s needs to perform 
efficiently in a complex learning context, which (a) won’t overload the young 
students, but rather keep their motivation to study science, and (b) would en-
hance the effective implementation of the SDL paradigm among school-age 
learners not fully matured yet. 

6. Conclusion 

Based on prior work and the current results, it can be concluded that we cannot 
take for granted that when implementing the complex SDL approach, all school 
students (even at the same age group) are skilled and sufficiently capable of coping 
equally with the necessary steps while constructing their new knowledge. Espe-
cially components of planning, monitoring, and evaluation of one’s own learn-
ing all together increase the requirement for learners’ advanced cognitive skills 
and sophisticated metacognition, which, first of all, need to be taught, scaffolded, 
and practiced (Zepeda et al., 2015). These are particularly important suggestions 
within the SDL paradigm, and also for autonomous learners in general due to 
the increased need for distance-learning as an inevitable educational approach 
through widespread restrictions caused by the global pandemic situation. All 
those aspects challenge especially novice school students with not fully matured 
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yet the self-regulation and SDL skills to handle piles of multi-level information 
on their own that often result in not quality learning like superficial or fake 
knowledge, inadequate argumentation, and loss of motivation to continue im-
proving one’s knowledge. 

7. Limitations and Future Research 

Although the present work focused on the adolescent population, a critical pe-
riod, when motivation tends to decline, further research is required to generalize 
these results to younger or older learners as the final maturing course of human 
cognitive skills continues to develop into adulthood. Notwithstanding the small 
sample size (as a negative side of our work), we as educational psychology re-
searchers call for further studies to continue the work and discussions on today’s 
school students’ optimal cognitive load in order not to overburden them in com-
plex learning circumstances. Instead, there is a desire to keep learners motivated 
with adequately challenging, yet attractive, and at the same time age-appropriate 
demands in order to prepare them for independent problem solving according 
to the 21st-century educational strategy, to make proper decisions in the mul-
ti-information environment, while also staying mentally healthy and continuing 
with lifelong learning giving them an advantage for quick reorientation in the 
rapidly changing circumstances of contemporary life around us. 
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