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Detective Learning of the Concepts of Acids, Bases and Salts in Physical
Science by Ninth-Grade Students using a Metacognitive Instructional

Strategy: A Quasi-Experimental Study

ABSTRACT:Efforts were made to verify the effect of metacognitive scaffolding as an
instructional strategy on learning outcomes related to concepts of‘acids; bases, and salts for
ninth-grade pupils in physical science. A quasi-experimental pretest-posttest design was
employed. One hundred and seven (107) students from.two government-sponsored schools
chosen using a purposive sampling technique in the city of Kolkata, West Bengal, India, were
sampled. For the experiment, 55 learnersiin the experimental group and 52 in the control
group were selected. Only the experimental igroup of learners received treatment via
metacognitive scaffolding. To obtain data, the researcher administered a self-developed and
standardised criteria test (with a-reliability coefficient of 0.86 and a validity of 0.93) and a
reaction scale. For data analysis, one-way ANCOVA, percentiles, means, standard deviations,
and coefficients of variation were applied. Results of the study demonstrated that the students
who received: treatment acquired better learning outcomes than the others. Furthermore,
treatment recipients responded favourably to the use of metacognitive scaffolding when

learning physical science.
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1. INTRODUCTION

The value of high-quality education and instruction is growing day by day across the world
[1]. Very often, learners at the secondary level face difficulties in science subjects in general
and physical science (i.e., physics and chemistry) in particular due to a lack of an appropriate
learning environment [2]. Effective teaching methods as well as constant support and
monitoring of teachers play a critical role in enhancing students' skills-and-competencies in
terms of learning outcomes [3]. In the current Indian school scenario, the most difficult task
for science teachers is to ensure quality teaching and learning.in physical science to ninth
curiosity is to learn science through innovative: approaches using demonstration,
experimentation, hands-on learning, fieldwork; etc..The overarching goal of the secondary
science curriculum and pedagogy is.to transform the education system away from the culture
of memorization without understanding,»which is prevalent at present, and toward actual
understanding and learning how to learn [4,5]. Quality learning in physical science can be
made possible by facilitating.an appropriate learning environment for the learners. Most of
the students have misconceptions about acids, bases, and salts at the secondary level as they
are accustomed to acquiring knowledge directly from books and classroom lectures rather
than. fromuthe field through taste, touch, and manipulation of materials available in their
homes and, neighbourhoods.According to the National Education Policy (NEP) 2020, a policy
document published by the Indian Government, students at their schooling stage are far from
experiential learning and suffer from science phobia [6]. Sustaining students' active
involvement in the classroom, which in turn ensures quality learning in science, is another

challenge for a science teacher that can be sorted out through the appropriate use of
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metacognitive teaching strategies. Using metacognitive strategies, students enjoy full
autonomy to auto-regulate their learning process by employing their cognitive as well as
metacognitive processes [7]. Students with metacognitive awareness know what they can and
cannot do and what will help them get the knowledge or understanding they require. Students
could describe appropriately how they managed their mental learning resources and what
they did to improve their learning strategies [8].

One of the important strategies for teaching and learning science .at the. school. stage is
metacognitive scaffolding. According to research [9], metacognitive scaffolding had a
favourable influence on students' design problem-solving processes. Further, from a research
report, it is evident that in an e-learning environment ‘in: higher education, scaffolding
improves metacognitive capacity, academic self-efficacy, and learning achievement. It also
demonstrates that pupils with various cognitive. types have similar learning outcomes [10].
Recently, the results of research work reported that: incorporating metacognitive scaffolds
into simulation-based inquirylearning ;in optics at the secondary level improved the
development of skills jinvolved in‘ithe process of science, particularly in complicated
assignments [11]. Hence, based ‘on the rationale, it is noticed that no study has been
conducted anywhere to ‘ensure competency-based learning as well as mastery learning
outcomes in,science in a detective manner using metacognitive scaffolding at the secondary
level. As a,result, the effectiveness of metacognitive scaffolding on learning outcomes for
ninth-grade learners in the detective learning of acids, bases, and salts in physical science was
investigated by examining their various properties such as taste, neutralization, identification,
solubility in water, and indicator tests through their continuous involvement and monitoring

process.



1.1Conceptual Framework

1.1.1 Concept of metacognition

Initially, the term "metacognition" emerged from the works of American developmental
psychologist John Flavell [12]. The term "metacognition™ refers to higher-order thinking
[13]. It helps to understand and regulate cognition. According to Schraw and Moshman's
(1995) model of metacognition, the two broad components of metacognition are knowledge
and regulation associated with metacognition [14,15]. Furthermore, -knowledge -associated
with metacognition is subdivided into three categories: knowledge related to the person
variable, knowledge related to the task variable, and knowledge. related to the strategy
variable. On the other hand, regulation associated with:metacognition has been classified into
four sub-categories, viz., planning, monitoring, evaluating, and.revising [9].

1.1.2 Metacognitive interventions in classroom instruction

It is well known that the use of systematic and meaningful strategies leads to better learning
outcomes. One promising way in which,physical science can be learned meaningfully is
through metacognition. Qne can argue that metacognition is likely to facilitate the process of
teaching and learning in a multidirectional way because it encourages students to become
aware of their thinking process. We must ensure that science teachers are equipped with
metacognitive strategies in order to make science teaching and learning interesting and
enjoyable for students.The roles of both teachers and students are equally important in
executingmetacognitive interventions in classroom instruction. The teacher helps in
identifying the learning gaps of the students, provides suitable facilities, and assists in every
stage of their learning. Metacognitive interventions are multifunctional in nature, and they

can be applied to ensure competency as well as quality learning. Research studies have



identified various metacognitive interventions for the improvement of quality learning [16-

18]. Some of these strategies or interventions are briefly discussed in Figure 1.
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Figure 1: Metacognitive interventions in classroom instruction

or feelings as they work on a learning task or assignment.lt is used by teachers and
learners to promote metacognitive awareness.

2. Concept. mapping- an innovative instructional technique applied by the teacher to
present the content knowledge of the subject in pictorial forms like graphs, maps,
flow charts, tree diagrams, van diagrams, etc. It helps in developing critical thinking,
creativity, and meta-memory toward the connectivity between concepts and sub-
concepts.

3. Self-assessment - an auto-monitoring technique used by learners to observe and

evaluate their own progress and shortcomings while learning.



4. Brainstorming - a teaching-learning strategy in which students in small groups
discuss an issue, share their perspectives, and learn concepts in cooperative and
collaborative ways.

5. Reflective writing - an effective instructional strategy where the learners freely share
their experience about a particular issue, concept, or event in the form of a written
document.

6. Modeling - an instructional technique through which learners are actively engaged in
learning and acquire new concepts presented by the teacher.

7. Metacognitive scaffolding - an important instructional strategy, has a close link with
the constructivist approach to teaching, where-the students get desired assistance from
the teacher in completing a task.

8. Self-questioning - an auto-learning approach where students are inspired to ask
themselves questions and assess their own progress and deficiencies in learning. This
strategy helps promote the learners: self-regulated learning skills.

9. Wrapper- This strategy is ‘concerned with the auto-monitoring behaviour of the
learners in the classroom.lt is generally used in the written examination, where
examinees are inspired:to think critically about the responses given in their answer
scripts.

10. Explicit. instruction - a new instructional strategy where the teachers apply
appropriate steps in the teaching-learning process, like a demonstration, modeling,
illustration, etc., keeping in mind the psychological development of the learners.

Hence, it can be said that metacognitive strategies facilitate a conceptual understanding of
how to learn effectively. Students get the most benefit from grappling with exciting, relevant

problems that might spark debate about alternative approaches to solving them [19,20].



1.1.3 Metacognitive scaffolding

A technique called "comprehension teaching," which is sometimes known as "scaffolding,” - { comment [v4]: comma after the quotation

marks

includes providing pupils with temporary assistance until they are able to complete tasks on
their own. It implies that teachers use scaffolding so that learners can perform the task
appropriately. In other words, it is one of the metacognitive instructional strategies that refers
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In Figure 2, the. onceptual scaffold helps learners work through difficult problems. The

Procedural, scaffolding places an emphasis on using available learning resources. The
strategic scaffold suggests how to deal with tasks as well as problems. Previous research
revealed that metacognitive scaffolding significantly aids students in acquiring subject-matter

concepts [24].



Metacognitive thinking-aloud and self-assessment utilised in chemistry at the secondary level
could significantly improve the performance of students [18]. There are positive and
significant associations between metacognitive ability and learning in science subjects at the
secondary level [25]. Studies have shown that scaffolding can help students improve their
higher-order thinking skills [26]. Research stustiesrepotedthat metacognitive scaffolding
improves academic performance and problem-solving [27-29].From the literature;-it.can be
noted that a very limited number of studies have been conducted.on:.the use of metacognitive
scaffolding in teaching science at the secondary level. Still;-there is & significant gap in
research studies examining the effect of metacognitive:scaffolding in teaching and learning
science processes at the secondary level through a detective approach to handling readily
available materials at their homes and i’ their.communities. There has been no research
conducted in India or abroad on verifying the effectiveness of metacognitive scaffolding on
learning outcomes at the secondary'level. So, while using metacognitive scaffolding as a
strategy, it is easier to complete the task in the physical science of class IX students, where
physical science begins as a separate subject in their curriculum at the West Bengal Board of
student in terms of deciding whether to pursue a career in Science, Commerce, or Humanities
in their higher education.

In this study, efforts have been made to ascertain whether or not metacognitive scaffolding
has a beneficial or detrimental impact on pupils’ learning outcomes and how they reacted to
the use of metacognitive scaffolding as an instructional strategy in physical science with

students in the ninth grade.
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2.2 Objectives

(i) To compare the adjusted mean scores of learning outcomes in physical science of students
taught using metacognitive scaffolding and the conventional method, using pre-learning
outcomes as a covariate.

(i) To study the reaction of experimental group students to the use of metacognitive
strategies in physical science learning.

2.3 Hypothesis

(i) There is no significant difference in the adjusted mean scores:of learning outcomes in
physical science of students taught using metacognitive scaffolding and the conventional
method, using pre-learning outcomes as a covariate.

3. METHODS

3.1 Experimental Design: A pretest-posttest control group quasi-experimental design was
applied in this study. Metacognitive scaffolding is the independent variable, and learning
outcome is the dependent variable.

3.2 Population: All class 1X learners in Kolkata City, West Bengal, India, from various
government-sponsored schools were treated as a population.

3.3 Sample and sampling technique: The sample for the study was selected through a
purposive sampling procedure from one hundred and sixty-one (161) Hindi-medium schools
in Kolkata:City, West Bengal, India. One hundred seven students from class IX in the year
2022 from two government-sponsored co-educational Hindi medium schools in Kolkata City,
West Bengal, were taken as a sample for this study. A description of the sample has been

given in Table 1.



Table 1: Description of lsample]

Sl. School Group Gender Total

No. Male | Female

1. AryaParishadVidyalaya Experimental 25 30 55

2. BhartiShikshaSadan Control 22 30 52
Total 47 60 107

From Table 1, it is evident that the students of AryaParishadVidyalaya were randomly
selected as the experimental group and those of BhartiShikshaSadan as the control group for

experimentation.

3.4 Instructional tools: Learning designs prepared for teaching different sub-units of acids,
bases, and salts using a metacognitive scaffolding strategy were validated with the help of
three subject experts by incorporating their valuable comments and suggestions before
implementation.

3.5 Experimentation: The procedure for carrying out the experiment has been represented in
the following three phases:

3.5.1 Pre-experimental phase: Official permission from the two school authorities was
sought by the investigators. Both groups were put through a test comprising 20 multiple-
choice items with four options and one mark for each item to see if their understanding of
acids, bases, and salts was compatible. The reliability coefficient was estimated using the
split-half method and was found to be 0.86. The validity of the said test was also calculated
and found to be 0.93. So the test was reliable and valid. Both groups were pretested first.
3.5.2 Experimental phase: After the pretest, the two groups were taught using two different
methods of instruction. A metacognitive scaffolding was used with the experimental group,
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while a conventional lecture method was used with the control group. The researcher created
a conducive learning environment to encourage the learners to actively participate and
interact with one another. It was common in the traditional group to use a blackboard and
charts as well as ask students questions in between lectures to convey information about the
topic. Experiments were carried out in both the schools for a period of ten weeks at one hour
per day in each school on working days.

3.5.3 Post-experimental phase: Following the intervention, the same:set-of questions was
employed to administer a posttest to both groups using the same.sample:of participants. The
effectiveness of metacognitive scaffolding in terms of learning-outcemes:in physical science
was evaluated by comparing the mean scores of learners.in both groups.

Students acquired experiential learning joyfully and efficiently using the detective learning

approach by receiving desirable assistance’from, the.teacher (here, the investigator).The role . -{ comment [v10]: space

of the teacher during the activities;was that of a facilitator and guide, and he created an
attractive learning environment . in the classroom to ensure quality learning in physical
science. Activities were self:performed by the students of the experimental group in the

classroom with necessary assistance, from the teacher; very few of these have been given in
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metacognitive scaffolding as an instructional strﬂegyto check (a) taste and (b) indicator tests.



3.6 Tools used for data collection: A self-developed and standardised competency-based
test for assessing the learning outcomes, consisting of 25 multiple-choice items with one
mark for each correct response and zero mark for each wrong response, and a self-developed
reaction scale with a five-point rating scale were administered for collecting the data in this
study.

3.7 Techniques used for data analysis: The Statistical Package for Social Science (SPSS)
(IBM "SPSS*" Statistics, Version 21) was used to perform statistical techniques;.namely two-
way analysis of covariance (ANCOVA), percentiles, means,.standard deviations, and
coefficients of variation, and the results were interpreted accordingly.

4. RESULTS

4.1 The effect of treatment on student learning achievement in physical science while
using pre-learning outcome as a covariate

Table 2 demonstrates the computed value of one-way:analysis of covariance (ANCOVA) for

the first objective, which was used toianalyse the data and compare the adjusted mean scores

learning outcomes using pre-learning outcome as a covariate

Source of df SSvx | MSSyx | Fvx- | Remark | Effect size (Upz)
Variance Value

Treatment 1 69.81 69.81 103 | p<0.01 0.09
Error 104 704.93 6.78

Total 106
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The adjusted F-Value is 10.3, as shown in Table 2, indicating statistical significance at the df

scores of learning outcomes between students taught using metacognitive scaffolding and the
conventional lecture method when pre-learning outcomes are considered as a covariate. The
null hypothesis that there is no significant difference in the adjusted mean scores of learning
outcomes in physical science between students taught using metacognitive. scaffolding and
the conventional method when pre-learning outcome is considered as.a covariate is.rejected.
Moreover, from Table 2, the value of the effect size for the .treatment is 0.09, which is
significant at the 0.01 level, which in turn signifies that 9% ofvariances can be explained by
the independent variable.

4.2 Reactions of students towards the use of metacoghnitive.scaffolding

The second objective was to study the reaction:of experimental group students to the use of
metacognitive strategies in physical.science learning. The effect of metacognitive scaffolding
on the learning outcomes of students iniphysical science was assessed by administering a
competency-based posttest developed.and standardised by the researcher himself. The data
was analysed using ‘SPSS by computing percentiles, the mean (M), standard deviation (SD),

and the coefficient of variation'(CV), which are presented in Table 3.
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coefficient of variation (CV) for the experimental group's posttest

Sl. No. Percentiles Learning outcome posttest scores for
experimental group students
1. P1o 16.00
2. P2 18.00
3. Pas 18.00
4. Pso 19.00
5. Pao 21.00
6. Pso 2140
7. Peso 22.00
8. Pz 22.00
9. Ps 23.00
10. Pgo 23.00
11. Pao 24.00
12. M 20.64
13. 8D 2.70
14. cv 14.0%

From Table 3, it is observed that, say, Pso = 21.4, means that below a score of 21.4, there are
50% of the pupils in the group. Therefore, it can be said that when the students are taught

using metacognitive scaffolding, their learning outcomes are effective.
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To understand the reaction of experimental group learners towards the use of metacognitive
scaffolding in the teaching and learning of physical science, a 5-point scale comprised of 20
statements (10 positive and 10 negative) was developed and administered by the researcher.
On a five-point scale, participants rated each statement on how strongly they agreed,
disagreed, disagreed with, or agreed with it on various aspects of metacognitive strategies
(planning, monitoring, and evaluation). Students were given a scale to read carefully and
select one of the five options against each statement. Students were given ample opportunity
to respond to questions without fear of reprisal. Strongly Agree (SA), Agree (A), Undecided
(U), Disagree (D), and Strongly Disagree (SD) each received a-weightage.of 5, 4, 3, 2, and 1
for positive remarks. However, for negative statements, SA, A, U, D, and SD received a
weightage of 1, 2, 3, 4, and 5, respectively. The results range from 20 to 100. For different

categories, the percentage of responses statément-wise is presented in Table 4.

Table 4: Statement-wise percentage of résponses of students in the experimental group —-{ comment [v17): Table4. .. (center tex)
Sl. Statements SA A U D SD
No.

1. The equipment used’ during the teaching-| 0.0 0.0 | 182 | 18.2 | 63.7

learning:process was not appropriate.

2. Demonstration speed was proper. 455 | 273 | 91 | 91 9.1

3. The speed of teaching-learning was proper for | 54.6 | 182 | 9.1 | 9.1 9.1

all learners.

4, The medium of instruction should not be| 9.1 9.1 9.1 | 27.3 | 36.4

Hindi.

5. The voice of the demonstrator was clear. 546 | 27.3 | 9.1 9.1 9.1

15



6. The content covered was appropriate. 364 | 273 | 91 | 182 | 91

7. There is stimulus variation during the | 27.2 | 455 | 9.1 | 9.1 9.1
teaching-learning process.

8. The repetition of data collection during the | 9.1 91 | 91 | 273 | 455
demonstration is not desirable.

9. Teacher support was helpful during the | 36.4 | 273 | 182 | 9.1 9.1
demonstration.

10. | Learning through demonstration did not| 0.0 94 1991 | 273 | 545
provide an effective learning outcome.

11. | Examples were given from real life, 364 | 3641 91 | 91 9.1

12. | The teacher had not given a sufficient.aumber | 0.0 91 | 91 | 27.3 | 54.6
of examples.

13. | Blackboard work was appropriate. 455 [364.1 91 | 91 | 00

14. Probing questions have beenasked.duringthe | 54.6 | 18.2 | 9.1 | 9.1 9.1
teaching-learning was:helpful for building the
concepts.

15. | The,question asked during teaching by the 91 | 182 | 91 | 273 | 36.4
students was not encouraged by the teacher.

16. Peer group interaction during the 273 | 364 | 182 | 9.1 9.1
demonstration helped in quality learning.

17. | The presence of a teacher during the 9.1 9.1 | 182 | 273 | 36.4
demonstration is not beneficial for learning.

18. | Students' involvement in carrying out the 0 9.1 0 54.6 | 36.4

activities did not help in learning.
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19. There is no need to consolidate the main 364 273 | 91 |182 | 9.1

points.

20. | Situation based questions asked after the 0 9.1 | 18.2 | 182 | 455
completions of class were not appropriate for

evaluation.

From Table 4, it can be seen that out of 20 statements, 10 are positive{(SI.'No.:.2,78, 5, 6, 7,
9, 11, 13, 14, and 16), and the remaining 10 are negative (SI. No::'1; 4,8, 10, 12, 15, 17, 18,
19, and 20). About 82% of students supported the idea that the equipment used during the
teaching and learning process was appropriate. 72.84% of learners agreed with the rate of
speed of the demonstration. 63.7% supported Hindi as the medium of instruction because it
was more comfortable and understood in-their home.language. The maximum percentage of
students opined that the voice of the demonstrator: was clear, the content coverage was
appropriate, stimulus variation was appropriate. during the teaching-learning process, teacher
support was helpful during the demonstration, examples discussed in the classroom were
given from real life, and blackboard work was appropriate. Probing questions asked during
the teaching-learning process were very helpful for building concepts, according to 72.8% of
students. About 64% of learners opined that peer group interaction during the demonstration
helped in-quality learning. 91% of students supported their involvement in carrying out the
activities that helped in acquiring effective learning. 63.7% of learners understood the need to
consolidate the main points once again at the end of the class. 63.4 percent of learners
disagreed that the situation-based questions asked after the completion of the class were not

appropriate for evaluation. Hence, keeping in view the above findings, it can be concluded
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that most of the learners responded favourably to the use of metacognitive scaffolding in
acquainting themselves with various concepts of physical science.

5. DISCUSSIONS, DELIMITATIONS AND LIMITATIONS

5.1 Discussion

The first objective was to compare the adjusted mean scores of learning outcomes in physical
science for students taught through two different methods, with pre-learning outcomes
considered as a covariate. Results indicated that students' learning-.outcomes were
significantly higher in metacognitive scaffolding than in the conventional method, which is
consistent with the findings of earlier studies [10,11, 30-32] ;-who found.that students learn
more when teachers employ metacognitive scaffolding in-their lessons in science at the
secondary level and that it is more effective than ‘the conventional method. The
second objective was to study the reaction of.experimental group students to the use of
metacognitive scaffolding as an instructional strategy. in physical science. The students who
received treatment reported that the items on the reaction scale helped them a lot in
evaluating their strengthsiand:weaknesses in learning. The findings demonstrated that most of
the students responded favourably;to the use of metacognitive scaffolding in acquainting
themselves with various concepts of physical science in class IX. Moreover, studies that also
support thesabove findings [27-29]. The findings of the current study thus demonstrate that
students who use metacognitive strategies in learning can self-evaluate their understanding of
the subject matter and also apply more effort to regulate their learning process effectively.
The results are consistent with the earlier research [9,33].Metacognitive scaffolding, when
employed as an instructional strategy, results in signinificantimprovements in the quality of

learning [24, 34].
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5.2 Delimitations and limitations of the study

This research work was delilimited to (i) class IX students (ii) physical science (iii) a short
treatment period, i.e., ten weeks at the rate of one hour daily on working days in both schools
(iv) Hindi Medium schools recognised by WBBSE (v) government-sponsored schools of
Kolkata City, India, were used for experimentation.On the other hand, there are many
limitations. The effect of treatment on cognitive load could not be verified. Researchers could
not test the effects of other metacognitive strategies, namely thinking. aloud;. concept
mapping, self-assessment, brainstorming, reflective writing,. ‘modeling, metacognitive
scaffolding, self-questioning, wrappers, explicit instruction, etc., on academic performance
and problem-solving skills.

6. CONCLUSION

Using a quasi-experimental research, the ‘effect.of metacognitive scaffolding on learning
outcomes was examined as a factor in how well students in physical science in class 1X
performed and how they felt as a result.of receiving treatment. According to the findings,
metacognition scaffolding made a significant improvement in how effectively students
learned various concepts of acids;;bases, and salts. This strategy has been found to help
students learn content more »deeply.Most of the students reacted in favour of using
metacognitive scaffolding in learning the concepts of physical science. Hence, this study's
findings established that the learners who attended the treatment intervention acquired a
higher level of creative thinking abilities and experiential learning with lifelong effects.

7. EDUCATIONAL IMPLICATIONS AND DIRECTIONS FOR FUTURE WORK
According to the findings of this study, metacognitive scaffolding was shown to be the most
crucial indicator of enhancing students' learning, but students rarely use this strategy unless

they are encouraged to do so. It's also the responsibility of teachers to ensure that their
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students have the tools they need to learn and develop their own metacognitive abilities.
Hence, the current study makes the final observation that metacognitive scaffolding, if
effectively applied by teachers in the context of teaching science subjects such as physical
science (physics and chemistry) at the secondary level, could significantly improve student
performance. Research on the remaining dimensions of metacognitive strategies, namely,
thinking aloud, concept mapping, self-assessment, brainstorming, reflective writing,
modeling, metacognitive scaffolding, self-questioning, wrappers, explicit-instruction, etc.,

might be conducted for solving a variety of problems in different.settings:

ETHICS STATEMENT
Due to the invelement of human participants, consent to participate in the study and for the

results to be published was obtained from the students' legal guardians.

REFERENCES
1. Dilek G, Kumlu Y. Metaconceptual activities of pre-service science teachers about

the design of process, to teach science concept, International Journal of Science

2. Wang Al, Tahir/R. The effect of using Kahoot! for learning — A literature review,
Computers & Education. 2020; 149: 103818.
3. Pohle L, Hosoya G, Pohle, J, JenBen L. The relationship between early childhood

teachers’ instructional quality and children’s mathematics development, Learning and

20

V/,«"{Comment [Vv18]: -

V/,«"{Comment [V19]: space




10.

Denessen E, Hornstra L, Bergh van den L, Bijlstra G. Implicit measures of teachers’
attitudes and stereotypes and their effects on teacher practise and student outcomes: A
review, Learning and Instruction. 2022; 78: 101437.

Veldman MA, Doolaard S, Bosker RJ, Snijders TAB. Young children working
together. Cooperative learning effects on group work of children in Grade 1 of
primary education, Learning and Instruction. 2020; 67: 101308.

National Education Policy (NEP). Ministry of Human Resource Development,
Government of India. 2020.

https://ruralindiaonline.org/en/library/resource/national-education-policy-

2020/?9clid=Cj0KCQjw39uYBhCLARISAD SzMTBe. VDkbspjuHkI9D4zbR7iOs6-Hil8a-

w09kYeX6pH56cF8IXWakaAg8vEALwW wcB

Taub M, Azevedo R, Bradbury AE, Millar GE€, Lester J. Using sequence mining to

reveal the efficiency in scientific reasoning during STEM learning with a game-based

learning environment, Learning and. Instruction. 2018 54: 93-103. _—{ comment [v20y: ;

Zhang T, Taub T, Chen Z. Measuring the Impact of COVID-19 Induced Campus

Closure on Student Self-Regulated Learning in Physics Online Learning Modules,

Irving, CA, USA., LAK21, 2021: 12-16| _{ comment [v21y: -

An YJ, Cao Ls Examining the Effects of Metacognitive Scaffolding on Students'
Design Problem Solving and Metacognitive Skills in an Online Environment,
MERLOT Journal of Online Learning and Teaching. 2014; 10(4): 552-568,

NilsonVVV, Omar LV, Luis SR. Effect of a metacognitive scaffolding on self-efficacy,

metacognition, and achievement in e-learning environments, Knowledge Management

& E-Learning.\2019\; 11(1): m—lg. 7::,,7«»'{Comment [V22]: space

h ”'{Comment [Vv23]: -

21



11.

12.

13.

14.

15.

16.

17.

18.

19.

Wang HS, Chen S, Yen MH. Effects of metacognitive scaffolding on students’
performance and confidence judgments in simulation-based inquiry, Physical Review
and Physics Education Research. 2021; 17: 020108-13.

FlavellJH. Metacognitive Aspects of Problem Solving InL.BResnick (eds) The Nature
of Intelligence.Hillsdale NJ: Erlbaum Federal Republic of Nigeria (FRN), .National
Policy on Education. 1976; 5th Ed Lagos: NERDC.

Molenaar |, Boxtel Carla AM van Peter, SleegersJC. Metacognitive-scaffolding in an
Schraw G, Moshman D. Metacognitive theories.- Educational “PsychologyReview.
1995; 7(4): 351-371.

FlavellJH. Metacognition and cognitive monitoring. A" new area of cognitive—
developmental inquiry, American Psychologist. 1979; 34(10): 906-911.

Carruthers P, Williams DM. Model-free ‘metacognition, Cognition. 2022; 225:
105117.

Jerald DK, Lee JH, Rosenbloom PS, Jackson PCJ, Epstein SL, Romero OJ, Sanz R,

Larueh O, SchmidtkeHR, ‘lee SW, McGreggor K. Metacognition for a Common

Dike,JW, Chinda COO, Worokwu. Thinking aloud and self-assessment metacognitive
strategies enhance chemistry students’ achievement in organic compound
nomenclature, International Journal of Multidisciplinary Research and Development.
2017; 4(8): 216220/

Gamma [C. Integrating ~ Metacognition  into  Interactive  Learning

22

B »—'{Comment [v24]: -

»"{Comment [V25]: -

»"{Comment [V26]: No italic

{ Comment [V27]: GammaC.A. ...

»"{Comment [V28]: s




20.

21.

22.

23.

24,

25.

26.

217.

28.

Walberg H. Improving School Science in Advanced and Developing Countries,
Review of Educational Research.1991; 61(1): 25-69.

VygotskyLS. Mind in society, Cambridge, MA: Harvard University Press. 1978.
Wood D, Bruner J, Ross G. The role of tutoring in problem solving, Journal of Child
Psychology and Psychiatry, 1976; 17, 89-100.
Hannafin M, Land, S, Oliver K. Open learning environments: Foundations, methods,
and models. In C. Reigeluth (Ed.), Instructional-Design Theories and. Madels: A New
Paradigm ofinstructional Theory, 1999: 115-140. Mahwah;. NJ: Lawrence Erlbaum
Associates.

Roll 1, Holmes NG, Day J, Bonn D. Evaluating-metacognitive scaffolding in guided
invention activities, Instructional Science.2012;40: 691-710.

Singh YG. Metacognitive ability of secondary students and its association with
academic achievement in science subject, International Indexed & Referred Research
Rosenshine B, Meister C. The use of scaffolds for teaching higher level cognitive
strategies, Educational,Leadership. 1992: 26-33.

Azevedo, R, Moos DC, Greene JA, Winters FI.,.Cromley JG. Why is
externallyfacilitated regulated learning more effective than self-regulated learning
with hypermedia? Educational Technology Research and Development. 2008; 56(1):
45-72.

Azevedo R, Hadwin AF. Scaffolding self-regulated learning and metacognition—
implications for the design of computer-based scaffolds, Instructional Science. 2005;

33:367-379.

23

N »"{Comment [V29]: -

N »"{Comment [V30]: space




29.

31.

32.

33.

34.

VeenmanMVJ, Kok R, Blote AW. The relation between intellectual and

metacognitive skills in early adolescence, Instructional Science. 2005; 33(3): 193-

.Matsuda N, Weng W, WallN. The Effect of Metacognitive Scaffolding for

Learningby Teaching a Teachable Agent, International Journal of Artificial
Agu PA, lyamu CO. Effect of Metacognitive Scaffolding Teaching. Strategy on
Secondary School Physics Students’ Achievement and Attitude:to Thermal Energy,
International Journal of Scientific Advances. 2020; 1(2):100-104.

Dickel AD, Denis, AT. Effects of Metacognitive:Scaffolding on Grade 6 Pupil
Mathematics Performance in a Cooperative Learning Environment, International
Journal of English and Education. 2018;:7(4):.378-391.

Molenaar |, Boxtel Carla AM van Peter, SleegersJC. The effects of scaffolding
metacognitive activities in small, groups, Computers in Human Behavior. 2010;
Zhao N, WardeskaJA;, McGuire SY, Cook E. Metacognition an Effective Tool to

Promote Success' inCollege Science Learning, Journal of College Science

24

V/,«"{Comment [V31]: -

V/,«"{Comment [V32]: -

V/,«"{Comment [V33]: -

/,,,«»'{Comment [V34]: space




