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Abstract: The object of the present research is to study the effects of a 
metacognitive scaffolding on metacognition, academic self-efficacy, and 
learning achievement in students with different cognitive styles in the Field 
Dependence-Independence (FDI) dimension when learning math content in an 
e-learning environment. Sixty-seven (67) students of higher education from a 
public university of Bogotá, Colombia participated in the study. The research 
has an experimental design with two groups and posttest. One group of students 
interacted with an e-learning environment, which includes within its structure a 
metacognitive scaffolding. The other group interacted with an environment 
without scaffolding. Findings show that the scaffolding promotes significant 
differences in metacognitive ability, academic self-efficacy, and learning 
achievement. Similarly, the data show that students with different cognitive 
styles achieve equivalent learning outcomes. 

Keywords: Metacognitive scaffolding; Self-efficacy; Cognitive style; Learning 
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1. Introduction 

During the last decades, Web-based learning environments have been frequently used in 
different levels and modalities of education to boost teaching-learning processes (Kazu & 
Demirkol, 2014). The use of digital environments generates great expectations among the 
academic community since they are able to favor both students’ learning autonomy and 
motivation, while respecting their individual differences (Chen & Tseng, 2012). However, 
some studies reveal that not all students benefit equally in terms of learning achievement 
when learning in computational environments (Archer, 2003; Hsu & Dwyer, 2004), 
which has been studied from three approaches: the first is related to the student’s 
cognitive style; the second, to metacognitive abilities; and the third, to self-efficacy 
perception. 

Regarding the first approach, namely, cognitive style, some authors state that the 
learning achievement reached by students when interacting with Web environments may 
be associated to individual differences. For example, in the field dependence-
independence -FDI- dimension, studies discuss these results (Alomyan, 2004; Chen & 
Macredie, 2002; Handal & Herrington, 2004; López-Vargas, Hederich-Martinez, & 
Camargo-Uribe, 2011), evidencing that field dependent novices exhibit some difficulties 
in successfully interacting with Web environments; while their field independent 
classmates are more effective when interacting with computational environments (Archer, 
2003; Hsu & Dwyer, 2004; Palmquist & Kim, 2000). In this sense, activities like 
browsing freely, controlling one’s own learning process, and analyzing the information 
presented in the computational scenarios are tasks that can present some degree of 
complexity for field dependent novices (Alomyan, 2004; Chen & Macredie, 2002). 

With respect to the second approach and related to metacognitive abilities, it is 
possible to deduce from the studies that deficits in metacognitive abilities are related to a 
low learning achievement when a student interacts with digital environments since this 
type of scenarios require establishing concrete learning goals; planning activities to 
achieve the goal; and monitoring and regulating one’s own learning process to change 
and/or adjust strategies, learning goals, and investing a greater effort to reach the desired 
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achievement; among others (Graesser, McNamara, & VanLehn, 2005; Kramarski & 
Mizrachi, 2006). 

Finally, studies referring to the third approach, academic self-efficacy, describe 
the existence of a positive correlation between personal efficacy perception and the 
learning achievement obtained by the student when interacting in computational 
environments (Moos & Azevedo, 2008, 2009). It is pertinent to mention that students that 
trust their abilities are persistent and make more of an effort to achieve their learning 
goals (Moos & Azevedo, 2008, 2009), In this same line of work, some research show that 
a possible association may exist between cognitive style in the FDI dimension and self-
efficacy perception in the development of tasks in computer-based learning environments. 
In other words, field independent students render positive judgements regarding their 
abilities to complete academic tasks through the Web versus their field dependent 
classmates, who doubt their performance in Web-based environments (DeTure, 2004; 
López-Vargas et al., 2011; López-Vargas & Triana-Vera, 2013; López-Vargas & 
Valencia-Vallejo, 2012). 

On the other hand, in the field of information technologies applied to education, 
studies show that the use of scaffolding may favor subjects’ performance when they 
autonomously engage in learning tasks in e-learning environments (Greene, Moos, 
Azevedo, & Winters, 2008; Kim & Hannafin, 2011; Lehmann, Hähnlein, & Ifenthaler, 
2014; Zhang & Quintana, 2012). In this research field, the use of metacognitive 
scaffolding, in Web-based scenarios, provides support so that the student is able to 
manage and regulate cognitive processes during their own learning process. In this sense, 
the subject is able to self-impose goals, objectively plan learning activities to achieve 
their goal, monitor what was planned, and self-evaluate the results obtained to change 
and/or adjust their planning as a function of the proposed goals (Molenaar, Boxtel, & 
Sleegers, 2010; Quintana, Zhang, & Krajcik, 2005; Zhang & Quintana, 2012). In this 
order of ideas, the novice’s metacognitive ability can be positively affected by the use of 
the scaffolding insofar as it could favor decision making regarding organization, planning, 
monitoring, and regulation of one’s own learning process. 

Now, with respect to metacognitive ability and cognitive style, some works show 
indications of a possible association between field independent students and the use of 
metacognitive abilities, hypothesis that derives from the stylistic characteristics of FI 
students, who are intrinsically oriented toward learning and are interested in achieving 
goals (López-Vargas et al., 2011; Huertas, López, & Sanabria, 2017). Although the 
studies are inconclusive and there is no consensus among researchers, it is necessary to 
continue inquiring into these possible associations to understand and comprehend the 
behavior of novices with different cognitive styles interacting in Web-based learning 
environments, and thus, propose alternative solutions to favor a more equitable and 
flexible learning as a response to their individual differences. 

In accordance to the foregoing statements, the following research questions are 
posited: 

1. What is the effect of a metacognitive scaffolding on academic self-efficacy, 
metacognition, and learning achievement in students of higher education that 
learn mathematical content in an e-learning environment? 

2. Do significant differences exist in metacognitive ability, academic self-efficacy, 
and level of learning achievement between students with different cognitive 
styles in the Field Dependence/Independence (FDI) dimension when learning 
mathematical content in an e-learning environment? 
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2. Literature review 

2.1.  Cognitive style in the FDI dimension and web-based learning environments 

One of the most studied dimensions of cognitive style and with a broad theoretical 
development and applied to the educational context is the FDI dimension proposed by 
Witkin and his colleagues since 1948 (López-Vargas & Valencia-Vallejo, 2012). The 
FDI dimension describes individuals along a continuum, where the individuals that are 
located at one of its endpoints are denominated Field Independents (FI), and at the other 
endpoint, Field Dependents (FD). The former, FI, exhibit a tendency toward an analytical 
and independent type of processing of environmental factors; the latter, FD, on the 
contrary, show tendencies toward a global-type of processing and highly influenced by 
the environment (López-Vargas et al., 2011). 

Some authors have shown interest in studying the characteristics and the behavior 
of students in the FDI dimension when interacting in computational scenarios (Alomyan, 
2004; Handal & Herrington, 2004; López-Vargas, Ibáñez-Ibáñez, & Racines-Prada, 2017; 
Lu, Yu, & Liu, 2003). Studies show that FI individuals can be identified for adopting a 
non-linear learning approach and, in this sense, they prefer to browse freely without 
following pre-defined paths. Similarly, they can organize and structure the information 
presented to them and they possess high capabilities of taking control of their own 
learning process. On the other hand, FD novices, when on the Web, prefer guided 
browsing, require clear location and orientation signals, and search for external sources of 
support to guide them during their learning process. In this sense, they prefer to learn in 
scenarios where the control of learning is exercised by the computational program 
(Alomyan, 2004; Handal & Herrington, 2004). 

The characteristics of FI and FD individuals are related to learning achievement 
differences obtained when interacting in Web environments. It is evident that FI students 
exhibit better performances since they possess abilities to identify the relevant 
information, they take an active approach to their learning, and get less distracted; 
therefore, their performance is more efficient. Instead, FD find it difficult to identify 
useful information, it takes them longer to locate key concepts, and are easily disoriented 
during information searches. These characteristics probably impede them from 
performing effectively in Web scenarios (Alomyan, 2004; Handal & Herrington, 2004). 

From previous research on individual Web-based learning differences, it is 
possible to establish that FI individuals tend to surpass FD in different tasks, situation 
with direct implications on the learning process, individual academic achievement, and 
the way of accessing knowledge in Web scenarios (Angeli, Valanides, & Kirschner, 2009; 
Archer, 2003; Palmquist & Kim, 2000; Shih & Gamon, 2002). In this sense, the 
challenge exists of designing computational scenarios that allow reducing individual 
learning differences between students so that it can be more equitable and flexible. 

2.2.  Metacognition and cognitive style in computational scenarios 

The term metacognition was coined by Flavell in the 1970s and he defines it as the 
knowledge that one person has of their own cognitive process and the control they 
exercise on it (Flavell, 1976). Subsequently, Brown (1987) indicated that metacognition 
implies the regulation of the cognition where the novices control the learning processes. 
This component allows the student to reflect on task development, make judgements on 
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the results obtained, and modify the aspects they consider necessary to improve their 
performance. 

In this line of work, Nelson and Narens (1990) formulated an interpretative model 
of metacognitive functioning, which centers on two processes: monitoring and control. 
Monitoring allows the individual to identify and characterize their cognitive processes; 
while control allows them to take actions to improve the performance of cognitive 
functions considering the information provided by the monitoring. In this sense, 
monitoring includes processes such as task identification, verification and evaluation of 
the progress made, and prediction of expected results. On the other hand, the control 
process refers to actions like resource assignment, adjustment of the strategies used, 
activity prioritization, and specification of the steps to complete the task and the effort to 
complete it (Schraw & Moshman, 1995; Schmidt & Ford, 2003). For example, a student 
that has developed these abilities recognizes what, how, and when to use their knowledge; 
plans and organizes their learning strategies; monitors and evaluates the development of 
their activities; and controls their behavior as a function of adjusting and/or changing 
those conditions that are not a function of their learning (Huertas et al., 2017). 

The metacognitive model has been the object of study in the field of information 
technologies applied to education, as a pedagogic and/or didactic strategy to favor 
students’ learning achievement when interacting with computational scenarios (Huertas 
et al., 2017; Kramarski & Gutman, 2006; Lajoie, 2005; McNeill, Lizotte, Krajcik, & 
Marx, 2006; Zhang & Quintana, 2012). In this line of work, findings have indicated that 
students with high metacognitive abilities exhibit better attitudes and learning 
achievements (Azevedo, 2005; Moos & Azevedo, 2008). Pedagogic strategies have been 
designed through metacognitive scaffolding that can effectively support novices with 
metacognitive ability deficits to favor their learning achievement (Kim & Hannafin, 2011; 
Kramarski & Gutman, 2006; Molenaar, van Boxtel, & Sleegers, 2010). 

The concept of scaffolding originated from that posited in the Zone of Proximal 
Development (ZPD) by Vygotsky (1978). It refers to the social support provided to the 
student during the completion of a learning task when solving a problem or to reach a 
goal that was initially beyond their reach. In this sense, scaffolding are seen as a 
pedagogic support to the teaching process to improve the results of learning (Wood, 
Bruner, & Ross, 1976). In the development of this theory, researchers explore the 
potential of incorporating different types of computational scaffolding during learning 
mediated by Information and Communications Technologies (ICT) to approach the 
difficulties students’ face when managing and regulating their cognition during the 
learning process (Alexander, Bresciani, & Eppler, 2015; Hederich-Martinez, López-
Vargas, & Camargo-Uribe, 2016; Law, Ge, & Eseryel, 2011; Moos & Azevedo, 2008). 

The concept of scaffolding has been applied in the design of computational 
scenarios and is a growing source of research that has been developing in recent decades. 
Consequently, hypermedia environments and Web-based learning environments are 
being implemented that favor learning and self-regulation processes (Azevedo & Hadwin, 
2005; Zhang & Quintana, 2012). Studies based on student’s cognitive styles have also 
been developed (Hederich-Martinez et al., 2016; Huertas et al., 2017). In this field of 
work, some researchers seek to identify possible associations between students’ 
metacognition and cognitive styles through the development and implementation of 
metacognitive scaffolding in computational scenarios. These scenarios are oriented 
toward favoring learning achievement and the development of metacognitive abilities as 
a response to subjects’ individual differences (Hederich-Martinez et al., 2016; Hsu, 
Frederick, & Chung, 1994; Huertas et al., 2017). 
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To this respect, Huertas et al. (2017) studied the influence a metacognitive 
scaffolding incorporated in a b-learning environment has on learning chemistry content in 
high school students with different cognitive styles. Findings revealed that both FD and 
FI students benefited from the presence of the metacognitive scaffolding, which fostered 
the development of metacognitive abilities. Specifically, planning, organization, 
monitoring, and evaluation abilities during learning task completion. However, FI 
students obtained better learning achievements than their FD classmates. In this sense, it 
is evidenced that the scaffolding did not achieve an equitable and flexible learning in 
novices with different cognitive styles. Differences in learning achievements remain. 

In another study, Hederich-Martinez et al. (2016) worked with postgraduate 
students in an e-learning environment, which incorporated a metacognitive scaffolding. 
They found that FI students exhibited better academic achievements than their FD 
classmates. In a previous study, Hsu, Frederick, and Chung (1994) observed the effect of 
a hypermedia environment that incorporated tools to support metacognition on academic 
performance in students of higher education with different cognitive styles in the FDI 
dimension. The findings indicated that no differences exist in learning achievements 
between FI and FD novices. 

Although the studies are inconclusive, the use of pedagogic strategies through 
metacognitive scaffolding, in computational scenarios, favors learning achievements of 
students with different cognitive styles. Therefore, the need exists to continue researching 
the necessary characteristics for the design and implementation of metacognitive 
scaffolding that favor learning achievement in a more equitable and flexible manner and 
to a certain extent, get FD students to obtain better performances when interacting in 
computational environments. 

2.3.  Academic self-efficacy and cognitive style 

Academic self-efficacy is conceived as the judgments students’ make about their own 
abilities to organize and execute educational activities (Zimmerman, 1995). Some studies 
focus on examining what the influence of academic self-efficacy is and how it operates 
during learning processes in diverse academic contexts and knowledge domains (Schunk, 
1989; Schunk & Zimmerman, 2007; Tsai, Chuang, Liang, & Tsai, 2011; Usher & Pajares, 
2009; Valencia-Vallejo, López-Vargas, & Sanabria-Rodriguez, 2016, 2018). In this sense, 
when students work on academic activities and perceive their academic progress, their 
motivation toward learning increases. Thus, students maintain a strong sense of self-
efficacy, participate with greater disposition, strive and persist in their goals, and 
overcome the obstacles when they face a learning task. 

Self-efficacy and cognitive style in the FDI dimension are object of study in the 
ICT context. A study conducted by López-Vargas et al. (2011) with high school students 
found correlations between cognitive style in the FDI dimension and self-efficacy 
perception. In a previous study, DeTure (2004) explored the associations between self-
efficacy, cognitive style, and academic achievement of students of higher education that 
work in a Web-based distance education environment. The analyses revealed that FI 
students reported higher self-efficacy perceptions than FD students. However, in terms of 
academic achievement, no significant differences were reported. 

Subsequently, López-Vargas and Valencia-Vallejo (2012) examined the effect of 
a self-regulating scaffolding in a hypermedia environment on self-efficacy, academic 
achievement, and cognitive style of high school students. The study revealed that the 
scaffolding favored FD students’ self-efficacy perception and academic achievement. No 
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significant differences in learning achievements were reported in the study. Subsequently, 
López-Vargas and Triana-Vera (2013) explored the effect of a self-efficacy module in a 
hypermedia environment on the learning achievements in primary students with different 
cognitive styles. The findings showed that FI novices exhibit higher levels of self-
efficacy. In addition, no individual differences in learning achievements were reported. 
As it is possible to observe, the research findings are inconclusive. Therefore, there is a 
need to continue researching into the design of pedagogic and/or didactic strategies that 
favor a more equitable and flexible learning achievement between students with different 
cognitive styles. 

Based on the research on the benefits of computational scaffolding, the present 
research analyzes the effect generated by the incorporation of a metacognitive scaffolding 
within the structure of an e-learning environment to learn mathematics. This pedagogic 
strategy could be useful in reducing the differences in learning achievements in students 
with different cognitive styles in the FDI dimension and, at the same time, it could 
support students’ construction of better self-efficacy perceptions. 

3. Method 

3.1.  Design 

The research is of an experimental-type; in other words, subjects were randomly assigned 
to the workgroups. The study’s independent variable is the e-learning environment with 
two values: one group that interacted with an e-learning environment containing a 
metacognitive scaffolding and another group that interacted with an e-learning 
environment without scaffolding. The study possesses an associated variable 
denominated cognitive style in the FDI dimension, with three values: field dependents, 
intermediates (INT), and independents. In this sense, the design for the analysis of the 
results can be considered a 2 x 3 factorial design. The dependent variables were 
metacognitive ability, academic self-efficacy, and learning achievement. 

3.2.  Participants 

Sixty-seven (67) first semester students (13 women and 54 men) of the Bachelor’s in 
Technological Design program from the Universidad Pedagógica Nacional of the city of 
Bogotá, Colombia participated in the study. Ages vary between 16 and 38 years (M= 
20.72 years, SD= 3.69). All the participants are enrolled in first semester. 

3.3.  Materials 

e-Learning environment. The e-learning environment designed specifically for this 
research was denominated “Introductory Course to Mathematics”. The course is 
comprised of six study units in mathematics. The environment includes different formats 
to present the information, such as texts, graphs, infographics, and videos, among others. 
There are also diverse learning activities and links to other websites tending to 
complement the content if needed. The characteristics of the metacognitive scaffolding 
are described below. 

Learning activation. This stage is comprised of two sub-stages. In the first one, 
the scaffolding presents a set of questions or metacognitive activators (Ease of learning-
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EOL), so that the student reflects on: How much do they know about the subject matter, 
how competent do they feel to learn, what is their perception of difficulty-ease to solve 
problems on the subject matter? In the second one, the novice takes an initial test of prior 
knowledge composed of three exercises with immediate feedback. These two activities 
seek to make the student more aware of their own knowledge and stimulate them to 
reflect on their abilities to undertake learning in a more realistic way; thus, preparing 
them for the next stage. 

Goal formulation and learning planning. In the first place, the student formulates a 
learning goal considering a scale of: Basic (decontextualized operational problem 
solving), intermediate (contextualized problem solving with one variable), and advanced 
(contextualized problem solving with two or more variables). The set goal will 
subsequently act as a personal criterion to monitor learning. 

In the second place, they plan the activities, setting the study time by choosing 
one of the options that adjusts to their learning pace (2 hours, 3 hours, 4 hours, 5 hours, or 
more hours; how many?). Subsequently, they choose the resources available in the e-
learning environment and the external resources they consider important to support their 
learning process (see Fig. 1). Once they complete the planning, the scaffolding presents 
the student with a summary of the planning and requests they adjust it according to the 
established learning goal, if they consider it pertinent. The chosen learning goal and the 
planning can be viewed by the student, who can modify them during the learning process, 
considering the control processes they perform throughout the module denominated “My 
Planning”. 

 

Fig. 1. Goal formulation and activity planning – Module “My Planning” 

Acquisition stage - ongoing learning. During the development of this stage, the 
student interacts with the learning content and performs the monitoring process. In other 
words, they review if the completed learning process brings them closer to the set 
learning goal. Thus, they self-evaluate the actual state of their knowledge in relation to 
the desired state, while the scaffolding’s objective is to induce them to perform 
metacognitive monitoring. As a complement to monitoring, the scaffolding uses screen 
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messages as metacognitive activators (Judgments of learning – JOL) to stimulate the 
student to reflect on their own learning process. Example: Are they understanding the 
subject matter, do they think they should modify the initial planning, do they think that 
the planned time is sufficient to understand the subject, are they using the environment’s 
resources to study the subject in-depth, what result would they obtain if they take a self-
evaluation at this time? 

 

 

Fig. 2. Self-evaluation module 

 

Similarly, to monitor the level of learning, the scaffolding includes a resource 
called “Self-evaluator”, which is a self-evaluation module that presents exercises 
equivalent to that of the final evaluation (see Fig. 2), so that the student is aware of the 
achievements accomplished. According to the result, the novice can make the necessary 
adjustments if needed. In other words, they can review the content, modify the planning, 
or self-evaluate themselves as many times as they deem necessary. This process would 
correspond to the metacognitive control process. Finally, the student makes the decision 
to take the final evaluation of the content learned. 

Ending. Through this stage, the scaffolding proposes to the student to perform a 
final reflection on the results obtained based on metacognitive activators (Feeling of 
knowing -FOK), such as: What is their perception on the level of domain of the subject 
matter, was the study time adequate for the results obtained, were the resources used 
adequate? These questions will likely allow the student to be more realistic in the 
following learning module (see Fig. 3). 
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Fig. 3. Reflection on the results obtained 

3.4.  Instruments 

Cognitive style test. To determine students’ cognitive style, the Embedded Figures Test 
(EFT) is used (Sawa, 1966). Out of a maximum EFT score of 50, the minimum value was 
10 points and the maximum value was 46 points. (M=28.18; SD=7.785). Through terciles, 
three groups of students were identified, namely: (a) 24 field dependent students, (b) 20 
intermediate novices, and (c) 23 field independent subjects. The instrument’s internal 
consistency presented a Cronbach’s alpha = 0.87. 

Learning achievement. Students answer six evaluations, one for each unit lesson. 
All the evaluations consist of five problems with multiple-choice answers. The 
evaluations are presented in the e-learning environment and the corresponding results 
were recorded in a database. The evaluations present a Cronbach’s alpha = 0.785. 

Metacognitive ability sub-scales and self-efficacy of the MSLQ instrument. To 
determine students’ perception of metacognitive ability and academic self-efficacy, the 
sub-scales corresponding to the Motivated Strategies for Learning Questionnaire (MSLQ) 
were used (Pintrich, Smith, García, & McKeachie, 1991). The test is answered with a 
seven-point Likert scale (1=No, never…;7=Yes, always). The instrument’s internal 
consistency presents a Cronbach’s alpha = 0.787 for the sub-scale of metacognitive self-
regulation and 0.882 for the sub-scale of academic self-efficacy. 

3.5.  Procedure 

To conduct the study, authorization from the board of the Bachelor’s in Technological 
Design of the Universidad Pedagógica Nacional of Bogotá, Colombia, requesting they 
allow first semester students to participate in the study was obtained. With the 
corresponding authorization, students were presented with the proposal and were 
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requested to sign an informed consent to participate in the study. Subsequently, a group 
EFT was applied. 

Afterwards, students were given an induction on the e-learning environment. Each 
participant was randomly assigned to one of the experimental conditions and were given 
a username and access to the platform. The experimental process had a duration of two 
months. One week later, after having completed the interaction stage with the e-learning 
environment, students were given the metacognitive self-regulation subscale and the 
academic self-efficacy subscale of the MSLQ instrument, which was managed through 
Google Drive. 

4. Results 

To process the data a Multivariate Analysis of Variance (MANOVA) was conducted. The 
study’s dependent variables are: metacognitive ability, academic self-efficacy, and 
learning achievement. As main factors assumed: 1) the e-learning environment, with two 
values: with metacognitive scaffolding and without scaffolding; and 2) cognitive style 
with three values: field dependent, intermediate, and independent students. 

In the first place, compliance with the assumptions of normality and homogeneity 
of the covariance matrixes for the dependent variables was verified. For metacognitive 
ability, the Shapiro-wilk normality test is verified, both for the experimental group 
(W=0.953, p=0.168) and the control group (W=0.951, p=0.131). Similarly, for academic 
self-efficacy, experimental group (W=0.968, p=0.416) and control group (W=0.987, 
p=0.943), as well as for the learning achievement, experimental group (W=0.976, 
p=0.647) and control group (W=0.991, p=0994). Box’s M homogeneity test (F (30, 
7646.261) = 0.595, p=0.961) was also verified. Once the assumptions are verified and 
complied, a MANOVA is performed. Tables 1, 2, and 3 present the summary of the 
descriptive statistics of the groups of students that worked in the e-learning environment 
with scaffolding and without scaffolding, considering cognitive style. 

Table 1 

Metacognitive ability results: Mean scores and standard deviations 

e-Learning Environment Cognitive Style No. M SD 

With scaffolding Field dependent 12 5.20 0.49 

Field intermediate 9 4.95 0.63 

Field independent 12 5.34 0.41 

Total 33 5.18 0.51 

Without scaffolding Field dependent 12 4.80 0.74 

Field intermediate 11 4.83 0.56 

Field independent 11 4.66 0.64 

Total 34 4.76 0.64 

 

From the MANOVA, it is possible to evidence that no significant interaction 
exists between the e-learning environment’s main factors, cognitive style with learning 
achievement (F (2, 61) = 1.328, p= 0.272, η2=.042). Similarly, it is possible to establish 
that a significant main effect of the e-learning environment exists (F (1, 61) = 7.569, p= 
0.008, η2 = 0.110) on metacognitive ability in favor of the students that interacted with 
the version of the e-learning environment that included the metacognitive scaffolding. 
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Students that worked with the scaffolding designed for the study reported better levels of 
metacognitive ability (M= 5.18, SD= 0.51) compared to the students that did not use the 
scaffolding (M= 4.76, SD= 0.64) (see Table 1) (see Fig. 4). 

 

Fig. 4. Effect of cognitive style on metacognitive ability, academic self-efficacy, and 
learning achievement 

Similarly, a significant main effect of the e-learning environment exists (F (1, 61) 
= 134.572, p<= 0.01, η2=0.68) on academic self-efficacy. The students that worked with 
the scaffolding reported better levels of academic self-efficacy (M= 5.98, SD= 0.51) 
compared to the students that did not use the scaffolding (M= 4.36, SD= 0.59) (see Table 
2) (see Fig. 4). 

The analyses also show a significant main effect of the e-learning environment (F 
(1, 57) = 10.072, p= 0.002, η2= 0.150) on learning achievement. Students that worked 
with the scaffolding obtained better performances (M= 3.89, SD= 0.96) compared to the 
students that did not use the scaffolding (M= 3.25, SD= 1.09) (see Table 3) (see Fig. 4). 
Finally, cognitive style does not have a significant main effect on metacognitive ability (F 
(2, 61) = 2.49, p= 0.780, η2=.008). Neither is there a significant effect on academic self-
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efficacy (F (2, 61) = 2.05, p= 0.815, η2=.007) or learning achievement (F (2, 61) = 1.328, 
p= 0.272, η2=.042). (see Fig. 4). 

Table 2 
Academic self-efficacy results: Mean scores and standard deviations 

e-Learning Environment Cognitive Style No. M SD 

With scaffolding Field dependent 12 6.04 0.31 

Field intermediate 9 5.96 0.48 

Field independent 12 5.91 0.64 

Total 33 5.98 0.51 

Without scaffolding Field dependent 12 4.44 0.64 

Field intermediate 11 4.44 0.43 

Field independent 11 4.20 0.70 

Total 34 4.36 0.59 

 

Table 3 
Learning achievement results: Mean scores and standard deviations 

e-Learning Environment Cognitive Style No. M SD 

With scaffolding Field dependent 12 3.87 0.95 

Field intermediate 9 3.93 0.81 

Field independent 12 3.89 1.15 

Total 33 3.89 0.96 

Without scaffolding Field dependent 12 2.75 1.23 

Field intermediate 11 3.39 1.00 

Field independent 11 3.67 0.84 

Total 34 3.25 1.09 

 

To precisely establish the effect of the metacognitive scaffolding on cognitive 
style in the FDI dimension and on learning achievement, a complementary Analysis of 
Variance (ANOVA) is performed to determine if significant differences exist between the 
learning achievements obtained by students. 

The results show statistically significant differences in learning achievements (F 
(2, 31) = 3.818, p= 0.03, η2=.19) between students with different cognitive styles in the 
FDI dimension that interact with the version of the e-learning environment without 
scaffolding. The multiple comparisons indicate that significant differences exist between 
FD and FI subjects (t(31)=2.559, p= 0.016), in favor of the FI subjects. Similarly, 
between FD and INT subjects (t(31)= 2.204, p= 0.035), in favor of the INT subjects. No 
differences were reported between FI and INT novices (t(31)= 0.410, p= 0.684). In the 
group of students that interacted with the version of the e-learning environment with the 
metacognitive scaffolding, no statistically significant effect was reported on learning 
achievement (F (2, 30) = 0.009, p= 0.991, η2= .001). In other words, the performances of 
the novices from the experimental group, with different cognitive styles in the FDI 
dimension, are equivalent. 
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5. Conclusion 

The study’s results evidence that the use of the metacognitive scaffolding has a 
significant and positive effect on students’ learning achievement, metacognitive ability, 
and academic self-efficacy. On the other hand, it is possible to establish that the 
scaffolding incorporated in the e-learning environment equitably favors the performance 
of students with different cognitive styles in the FDI dimension. 

Regarding the first research question, the study’s analyses indicate that students 
interacting with metacognitive scaffolding present better learning achievements than 
classmates that did not interact with the scaffolding. It is possible to establish that each 
one of the stages of the metacognitive scaffolding favors monitoring and control 
processes insofar as the metacognitive scaffolding suggests to the novice establishing a 
learning goal and planning a series of activities as a function of that goal. Subsequently, 
while executing the study plan, the environment helps the novice monitor their learning 
process through metacognitive activators and provides an evaluation module to evaluate 
their actual learning state, adjust their strategy if needed, and present the final evaluation 
in each lesson unit when they feel prepared to do so. These activities likely help the 
novice recognize themselves as an information processor and positively favor their self-
efficacy perception when approaching learning processes in e-learning environments. 

The objective of the self-evaluations in the e-learning environment is to stimulate 
constant monitoring and reflection on the content learned. Thus, students reflect about the 
topics that they do not grasp and what they still need to learn as a function of achieving 
the proposed goal. In this order of ideas, the scaffolding is a means for the novice to be an 
active participant in their own learning process and favors them realizing the 
responsibility they have to their own learning process. Hence, the use of scaffolding 
allows the student to make decisions on -what to do- and -how to do it. These findings 
constitute empirical evidence in this research field and support the results of previous 
research, where learning mathematics in computational scenarios that implement 
scaffolding for metacognitive training favors learning achievement (Kramarski & 
Gutman, 2006; Kramarski & Mizrachi, 2006). 

Similarly, the scaffolding favors the positive evaluation of academic self-efficacy 
in students and in this regard, the study shows interesting evidence. It is possible to assert 
that the fact of stimulating reflection on the state of their own knowledge and having the 
opportunity of adjusting the goals as a function of their individual differences, as well as 
monitoring their knowledge through self-evaluations, leads the student to see themselves 
as a person capable of achieving their own goals at their own learning pace, situation that 
leads them to believe in themselves and in their own abilities. This type of aid probably 
triggers questions like: Am I reaching the learning goal, was the chosen learning strategy 
the most appropriate, do I understand the studied concepts clearly, do the learning results 
indicate that I must review the content, was the study time I employed sufficient, do the 
learning results indicate that I must try harder, among other metacognitive questions that 
empower the novice in their own process leading them to positively value their efficacy 
to autonomously learn mathematical content in b-learning scenarios. 

Although these results are inconclusive, it is important to continue developing 
studies that research in-depth the relationships that can derive from the use of 
metacognitive scaffolding to favor students’ motivation toward learning when interacting 
with Web-based learning environments and improving learning achievement (Moos, 
2014; Moos & Azevedo, 2008, 2009). 
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Regarding the second research question, the results validate the effectiveness of 
metacognitive scaffolding on the learning achievement of students with different 
cognitive styles in the FDI dimension in the context of mathematics. It was possible to 
establish that field independent, intermediate, and dependent students reach equivalent 
lessons when learning mathematical content through a Web environment that 
incorporates, within its structure, a metacognitive scaffolding. Similarly, it is possible to 
evidence that the FD students are favored by the presence of the scaffolding. This 
situation likely translates into greater effort and persistence in the achievement of the 
established learning goals to obtain the desired learning achievement. 

These results are interesting insofar as they contribute empirical evidence of the 
effect of this type of scaffolding in favor of FD students. It is likely that the 
metacognitive scaffolding designed for the present study motivated the field dependent 
students to use it; thus, making it possible for their academic performance to improve. 
These results concur with the work of López-Vargas, Hederich-Martinez, & Camargo-
Uribe (2012) regarding the use of scaffolding to self-regulate learning in computational 
scenarios and improve learning achievement, while respecting students’ individual 
differences. 

It is possible to establish that the presence of the scaffolding directs students’ 
attention to monitor and control their learning. Specifically, this didactic aid drives 
novices to develop the activities in an organized fashion and to employ more efficient 
strategies considering their stylistic characteristics. In this sense, metacognitive 
awareness positively affects the novice’s perception of believing in themselves and of 
being able to perform the tasks in the direct absence of a social aid. This finding is 
promising in supporting FD students, given their stylistic characteristics and to the extent 
that they require greater social support and assistance when learning in computational 
environments; characteristic which would be significantly reduced with the use of 
metacognitive scaffolding. 

Finally, it is possible to evidence that Web-based environments that implement 
metacognitive-type scaffolding within their structure improve academic performance, 
while respecting individual differences. Thus, learning is more equitable and flexible 
when supporting FD students, who are favored by the support of metacognitive 
scaffolding (Hederich-Martinez & Camargo-Uribe, 2015; Hederich-Martinez et al., 2016; 
López-Vargas et al., 2017). The use of this type of scaffolding make it possible for the 
student to be capable of monitoring and regulating their own learning process in 
computational environments without social aid. Similarly, this type of scaffolding can 
favor personal efficacy to autonomously develop learning tasks. Although the study’s 
results are not conclusive, a prominent future is foreseeable for the development of 
research on the use of scaffolding that respect individual differences and equitably favor 
academic performance. 

6. Limitations and recommendations 

Some limitations that were present when developing the research include the sample size, 
since a greater number of participants would have allowed a broader generalization of 
this study’s findings. Similarly, the subjectivity of students’ answers is a limiting factor 
of self-reporting questionnaires, as is the case of the instrument that was used to measure 
the metacognitive ability and academic self-efficacy. It would be convenient to use other 
indicators that allow evidencing these variables in a more objective manner. 
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For future studies, it is recommended that the scaffolding can disappear in time. 
The scaffolding that was used was fixed, which forces all students to use it independently 
of their learning needs. It is likely that a scaffolding that adjusts and disappears, 
according to students’ differential learning needs would be more effective and equitable 
as a function of the desired learning achievements. 
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