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ABSTRACT

Regulation of cognition is a part of metacognition serving as a basic construction
of such cognitive skills in controlling learning process as planning, information
management strategies, monitoring, debugging strategies, and evaluating. This
explorative survey research aimed at comparing the five component skills of
regulation. Participants involved in this research were 107 students of third semester
of Biology Education (BE) of Faculty of Teacher Training and Education. The
participants were purposively selected. The instrument used was the Metacognitive
Awareness Inventory (MAI) developed by Schraw and Denisson. Data were
analyzed by Anova and were further tested with the least significant difference
(LSD). This study concludes that there are significant differences among the five
component skills of regulation. Such differences were getting apparent after a post
hoc test had been performed, particularly in three skills of regulation. Doing
evaluation presents as the lowest skill and it is not significantly different from the
subscale of information management strategies. Monitoring is proved as higher skills
and is significantly different from the two aforementioned skills. Debugging
strategies is higher than monitoring, and planning is the highest one. Both debugging
strategies and planning are not significantly different. Such differences give an
overview that planning serves as an individual’s top priority in learning. In certain
condition, he should adapt to or change strategies with regards to the goals set in
planning. In reference to such findings, it is suggested that lecturers empower their
students by training their skills of regulation such as through online learning and
problem-based learning.
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INTRODUCTION

Metacognition was originally introduced as a term related to monitoring and
products of the cognitive process [1]. In subsequent development, it is used to refer
to cognition about cognition: thinking about your own thinking [2]. Metacognition
includes two domains: knowledge of cognition and regulation of cognition [3], [4].
Meanwhile, according to Arthur et al, metacognition falls into metacognitive
knowledge and experience [2]. The nature of metacognitive experience is similar to
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that of regulation of cognition. Garrison & Akyol pointed out the presence of three
dimensions of metacognition, namely knowledge of cognition, monitoring of
cognition, and regulation of cognition [5].

Regulation of cognition is the major part of metacognition [4], [6]-[9] which
refers to the abilities to manage and control an individual’s own cognition [3]. It
involves a set of mental activities that help students control their learning process [9],
and is associated with the monitoring and redirection of one's activities during the
course of reading to reach the desired goals [10]. The achievement of the goals which
presents as an individual’s orientation in learning serves as a foundation of students’
independence in learning and is influenced by the regulation of cognition.

Independent learning is defined as a learning strategy that allows students to
control their own learning process so that they can use their own strategies, learning
resources, and regulation of cognition [11]. This definition reinforces the important
role of regulation of cognition. Self-regulated learning is a process consisting of three
phases: preparation or planning, task or performance, and adjustment or assessment
[12]. Therefore, regulation of cognition contains a number of essential learning
skills.

Such essential skills underlie an individual's cognitive performance in learning.
The essential skills of regulation include planning, monitoring, and evaluation [3],
[9], [13]-[17]. More specifically, regulation of cognition has five component skills:
planning, information management strategies, monitoring, debugging strategies, and
evaluation [15], [18]-[21].

Planning refers to an individual's activities performed prior to learning activities.
In planning activities, a number of components which are likely to be involved or
applied in the learning process can be seen. It also covers skills of selecting
techniques and allocating resources in learning to affect performance to achieve a
cognitive goal. In addition, it includes skills of making prediction before reading,
doing strategy sequencing, and allocating time and attention before beginning a task
[9].

Monitoring involves an individual’s skills of being aware of and assessing
his/her own learning and performance. Awareness in experiencing every meaningful
learning process means that an individual understands every step/ stage he/she passed
through. Furthermore, an individual who is able to monitor well can also measure
his/her performance based on every step taken. Monitoring also reflects an
individual's skills to master every step taken in learning while remaining to prioritize
the goals to be achieved.

Evaluation involves skills of analyzing performance and strategy effectiveness
after a learning episode. This implies that an individual is capable of measuring the
achievement of his/her determined learning goals. Such skills include making
assessment of learning products and efficiency. An example of evaluation is
reevaluation of goals and drawn conclusions. The drawbacks of learning procedures
to support achievement of goals can be detected by evaluation. Regulation of
cognition, therefore, plays a vital role in determining an individual’s success.

In context of learning, it was found out that there is relatedness between
component skills of regulation and high achievement [22]. The learning experienced
by Biology education students requires skills to respond learning sources in the
forms of real objects. Different backgrounds of students who were asked to

145



[

ATLANTIS
PRESS

Advances in Social Science, Education and Humanities Research (ASSEHR), volume 158

encounter relatively-similar problems during a lecture, particularly those related to
students’ mental processes, are interesting to examine.

The mental processes are focused on aspects of regulation of cognition,
particularly whether all component skills of regulation show similar development
and whether they can achieve similar outcomes on Biology Education (BE) students.
Finding out and measuring knowledge and regulation of cognition is important to
help educators improve students’ higher-order thinking [23] and to determine
academic success [24]. If referring to general context, an improvement of an aspect
of regulation is likely to be followed by that of others [9]. However, whether all
aspects of regulation of cognition of BE students can be achieved under equivalent
circumstances needs to be examined. The present research, therefore, seeks to reveal
whether or not such component skills of regulation of BE students as planning,
information management strategies, monitoring, debugging strategies and evaluation
show a significant difference.

MATERIALS AND METHOD

The present study belongs to an exploratory survey, a research which attempts to
reveal and explain un-manipulated variables of previously-published researches. It
involved 107 participants of BE students of Faculty of Teacher Training and
Education in one university in Surakarta, Indonesia, which were selected
purposively. The survey was done on September 2016.

Examining regulation of cognition of BE students is important considering that
in their learning process, they often encounter real problems and objects at field. The
learning took place in the forms of not only lectures, but also practical works.
Several students’ learning activities equipped them with opportunities to manage and
control their own cognitive processes to achieve the goals which had been set up.

An instrument used to measure regulation of cognition was Metacognitive
Awareness Inventory (MAI) developed by Schraw & Dennison (1994) and modified
using Likert scale. The use of Likert scale is intended to determine the level or
gradation of participants' attitudes. Instrument revealing component skills of
regulation comprised of 35 items as displayed in Table I.

TABEL I. DETAILS OF INSTRUMENT OF REGULATION OF COGNITION

Regulation of Cognition Number of Item
P 7
IMS 10
M 7
DS 5
E 6

Scores resulted from the measurement of each skill of regulation were converted
into scale of 100. The converted scores were then analyzed using one-way analysis
of variance (Anova) proceeded by assumption testing in the forms of Shapiro-Wilk
normality test and Levene’s test for homogeneity. Once significant difference was
found, the least significant difference (LSD) test was administered. The LSD
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provides a clear overview of position of each skill of regulation, and therefore skills
with higher/ lower position as well as the significance level of mean difference will
soon be found out.

RESULTS AND DISCUSSION
The five component skills of regulation vary in mean scores and standard
deviations. Table 11 presents description of data on planning (P), information

management strategies (IMS), monitoring (M), debugging strategies (DS), and
evaluation (E).

TABLE Il. DESCRIPTIVE STATISTICS OF REGULATION OF COGNITION

Regulation of N Minimum Maximum Mean Median Std.
Cognition Deviation
P 107 54.29 100.00 77.9177 77.14 9.54503
IMS 107 48.00 96.00 72.9720 72.00 9.08395
M 107 54.29 94.29  74.4996 74.29 8.77253
DS 107 52.00 100.00  79.2897 80.00 9.32132
E 107 43.33 93.33  72.2427 73.33 9.40352

One assumption test required for Anova is the normality test. This test is used to
measure whether the data comes from the normally distributed population, ie
following a distribution such as the Gaussian curve pattern Table 111 summarizes the
results of Shapiro-Wilk normality test of data distribution of the five component
skills of regulation.

TABLE Ill. OVERVIEW OF RESULTS OF NORMALITY TEST OF REGULATION OF

COGNITION

Regulation Shapiro-Wilk

of Cognition Statistic df Sig.
P 0.984 107 0.212
IMS 0.987 107 0.406
M 0.983 107 0.179
DS 0.977 107 0.061
E 0.977 107 0.066

Table Il reveals that the five component skills of regulation have p-value of
above 0.05 (sig.>0.05), indicating that the five components skills of regulation were
derived from normally distributed population. In addition, the results of test for
homogeneity of variance of regulation of cognition (P, IMS, M, DS, and E) are
displayed in Table IV. Levene statistic p-value indicated by the above table (0.878) is
above 0.05, meaning that the five component skills of regulation have homogeneous
variances.
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TABLE IV. OVERVIEW OF RESULTS OF TEST FOR HOMOGENEITY
Levene Statistic dfl df2 Sig.
0.300 4 530 0.878

Due to the fulfillment of the two prerequisites, in terms of both normality and
homogeneity, hypothesis test using analysis of variance (Anova) was subsequently
performed. Table V indicates that the five component skills of regulation, P, IMS, M,
DS, and E, significantly differ. To find out which skill of regulation having
significant difference, a post hoc test using the least significant difference (LSD) was
carried out. With regard to the significant difference in mean scores, an overview of
the results of the LSD test was constructed by ordering mean scores from the lowest
to the highest. Similar notation was given to skills of regulation having insignificant
difference, while different notation was given to those with significant difference.
Table VI presents the overview of the results of LSD test.

TABLE V. OVERVIEW OF THE RESULTS OF ANOVA

Sum of Squares df Mean Square F Sig.
Between Groups 4081.177 4 1020.294 11.978 .000
Within Groups 45144.987 530 85.179
Total 49226.164 534

TABLE VI. THE OVERVIEW OF POST HOC TEST USING LSD

Regulation of Cognition Mean Notation of
LSD

E 72.2427

IMS 72.9720

M 74.4996 b

P 77.9177 c

DS 79.2897 c

Regulation of cognition serves as an important factor which exerts an influence
on performance [25]. Meanwhile, Schwartz pointed out that self-regulation and
competent metacognitive control are important factors in improving learning
performance [26]. Either high or low metacognitive awareness such as knowledge of
cognition and regulation of cognition influences undergraduate students’ academic
achievement [27]. Another research revealed that self-regulated learning is
inseparable from metacognitive skills, particularly regulation of cognition [21]. Such
various skills as planning, information management strategies, monitoring,
debugging strategies, and evaluation do not undergo similar improvement, but rather
they emerge at different outcomes.

Planning and debugging strategies are higher and significantly different from
other skills. Such finding is not in line with a previous research which examined
preservice teachers’ knowledge and regulation of their own thinking and revealed no
significant difference by education level on all subscales of MAI except for
evaluation [28]. It is not surprising that an individual’s learning is mainly determined
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by the plans and targets which have been set. In case that he/she encounters problems
in achieving those plans and targets, he/she tends to change his/her strategies.

Planning is not influenced by a condition an individual deals with in learning
process. Such fact is supported by, for example, a research carried out by Chen &
Chiu [22] which indicated that no significant difference between planning skills of
students treated using collaborative scripts and those of students treated using no
collaborative scripts was found. Planning had emerged prior to dynamics of the
learning process. It is a part of regulation of cognition which serves as a
metacognitive strategy [29]. Such skills present a key to an individual’s success in
completing an assignment.

Students can put into practice debugging strategies using an appropriate strategy
[30]. The presence of various problems which are different from what is expected
triggers preservice teachers to change their strategies to reach their goal. According
to Sawhney & Bansal, debugging strategies involve strategies used to correct
comprehension and performance errors in learning [27]. Such correction includes not
only outcomes, but also sustainability during the learning process.

A learning which trains and stimulates the component skills of regulation has a
potential to be improved by Biology education lecturers. The learning focuses not
only on transfer of knowledge, but also on life skills and the optimization of
cognitive performance. The implementation and the use of technology, for example
mobile technology, can enhance regulation of cognition [15] and lead to attractive
learning for undergraduate students. Both knowledge of cognition and regulation of
cognition simultaneously exert an influence on an individual’s abilities in word
learning and confidence judgments [31]. A learning which allows to train cognitive
monitoring has a potential to improve learning achievement [32].

Independence in learning and metacognitive awareness which belong to
regulation of cognition can be trained and the trace can be learned in online learning
through Hypermedia Learning Environment [33] since regulation of cognition is
generally related to self-monitoring mechanism activated during learning process or
decision making [34]. Meanwhile, a research conducted by Hwang et al. found out
that self-assessment, journaling, and peer sharing in online learning are able to
effectively facilitate students’ cognition regulation strategies [32].

A good learning does not only involve transfer of knowledge, but also empowers
undergraduate students’ cognition. Providing problems to the students appears to be
one of effective ways to raise their metacognitive awareness, in term of either
knowledge of cognition, or of regulation of cognition. Controlling cognitive
awareness and performance can be improved by giving students opportunities to
reflect their own learning process and outcomes. Enhancing students’ independence
in learning is effective to raise their awareness in monitoring their cognitive
performance. One way to make it happen is by making use of online learning.

Online learning is able to train students' cognitive control. The application of
mobile technology in online learning have a significant impact on cognitive
regulation [15]. Student’s initiative in utilizing technology in online learning
activities becomes the trigger for student’s regulation of cognition. In addition, the
demands of using skills in technology operating can stimulate the development of
regulation of cognition. The application of online learning combined with face to
face learning, commonly called blended learning. Blended learning has been
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implemented with a variety of designs and has shown positive results to be
considered in the learning process [35].

In addition, Problem Based Learning (PBL) also has the potency to develop
regulation of cognition. Tan stated, that PBL is the learning models through the
presence of ill structured problem [36] to empower thinking ability, learn, and apply
problem solving to gain deeper knowledge. PBL is identified to develop problem-
solving strategies and knowledge-based disciplines by providing problem-solving
challenges [37]. The presence of the problem that must be solved by students become
the media for the development of regulation of cognition ability.

CONCLUSION AND RECOMMENDATION

The research concludes that there are differences among the five component
skills of regulation of Biology Education students. The lowest subscale is evaluation,
which is not significantly different from information management strategies. Higher
subscale is represented by monitoring, which is significantly different from
evaluation and information management strategies. Higher subscale than monitoring
is debugging strategies, and the highest one is planning. Debugging strategies and
planning are not significantly different.

In reference to the results of the research, it is recommended to Biology
Education lecturers to perform learning by empowering students’ component skills
of regulation. Regulation of cognition can be trained by providing problems to
students and improving their independence in learning. Such learning which uses
real-world problems is regarded a challenge which trains students’ cognitive skills
and awareness. Their independence in learning can be improved, for example, by
carrying out online learning.
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