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Abstract. Introduction. The study of metacognitive processes in education, particularly the active imple-
mentation of flipped classroom approach, has recently garnered significant attention from researchers.
Aim. The present research aims to investigate the relationship between the contribution of flipped class-
room approach to the development of the educational process and its impact on students’ metacognitive
awareness. Methodology and research methods. The study extensively utilised qualitative, non-experi-
mental, and correlational methods to analyse the impact of flipped classroom approach on students’
metacognitive skills. The Metacognitive Awareness Inventory (MAI) questionnaire served as the primary
assessment tool. The students’ level of education and their academic performance were considered as
variables. The sample comprised 212 students from three high schools in the Casablanca-Settat aca-
demic region. Data obtained from the MAI questionnaire were pre-analysed using IBM SPSS version 23
software. Results. The results of the study confirm a significant correlation between the implementation
of flipped classroom approach and the enhancement of student metacognitive awareness, particularly in
areas related to self-regulation and problem-solving strategies. Throughout the study, it was observed
that the use of flipped classroom approach can substantially improve students’ ability to manage their
own learning processes. This underscores the importance of integrating metacognitive strategies into
teaching methods to achieve the desired educational outcomes. Scientific novelty. This study contributes
to the discussion on how flipped classroom approach influences metacognitive processes, providing stu-
dents with opportunities to adopt more effective learning strategies. Practical significance. The present
study offers valuable insights for educators, researchers, and decision-makers seeking innovative strate-
gies to enhance educational outcomes for students.
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AnHomauus. Beedenue. ViccienoBanye METaKOTHUTHUBHBIX MTPOIIECCOB B 00pa30BaHMUM B LI€JIOM U aKTUB-
HO€ MCIIONb30BaHMe TEXHOIOTUM «IIePEBEPHYTHIN Kaacc» B 06pa3oBaTelbHOM MPOLIeCce B YaCTHOCTHM B
rocieiHee BpeMsl IPUBJIEKAIOT Bce Gonblilee BHUMAaHMe uccienoBateneii. [lens — ycciaenoBaHue B3an-
MOCBSI3U MEXIY BKJIaJIOM T€XHOJIOTUY «IIePEeBEPHYTHIN KJIacc» B pa3BUTHe 06pa30BaTeIbHOrO IMpoliecca
U ee BIMSIHMEM Ha COCTOSIHVE METaKOTHUTMUBHO 0CBeJOMIEHHOCTM CTYOeHTOB. Memodonozust u Memoods!
uccnedosaus. B viccmeoBaHuM IIMPOKO UCIONIb30BAIUCh KOMMYECTBEHHbIe, HeIKCIIepUMEeHTAIbHbIE U
KOppeJISIMOHHbIE MeTObI 151 aHa/IN3a BIAUSIHUSI TEXHOJIOTUM «IIePeBEePHYTHIN KIacc» Ha COCTOSIHME Me-
TaKOTHUTUBHBIX HABBIKOB CTYIEHTOB, B TOM UMc/Ie ONTPOCHMK Metacognitive Awareness Inventory (MAI)
B KaUeCcTBe OCHOBHOTO MHCTPYMEHTA OLIEHK!. B KauecTBe repeMeHHbIX ObLIV IPUHSTHI YPOBEHbD MIKOIb-
HOTO 00pa30BaHMsl yUYAIIMXCS M UX aKaJleMuJecKye pe3yabTaTsl. Beibopka cocrosina n3 212 yueHUKOB
3 crapIimx MIKOJT akajgemuueckoro permona Cerrar r. Kaca6nanka. [laHHbIe, [TOJYYeHHbIE C ITOMOIIBIO
omnpocHuKa MAI, 6b11M IIpoaHaIM3UPOBaHbI C TOMOIIBIO IIPOTPaMMHOT0 obecrieuerust IBM SPSS 23. Pe-
3y/6Mamal UCC1e008aHUs TIOATBEPKAAIOT 3HAUNTETbHYI0 KOPPEJISIUI0O MEXAY Pe3ylbTaTaMU UCIOIb30-
BaHMSI TEXHOIIOTUY «ITI€PEBEPHYTHIN KJIACC» M JOCTVKeHMeM 60iee BLICOKMX YPOBHE MeTakKOTHUTUBHOI
OCBEIOMJIEHHOCTH yYaluXcsl, 0CO6eHHO B 06/1aCTSIX, CBSI3aHHBIX C CAMOPEry/ISIeil 1 MeTofaMu perie-
HUsI Ipo6sieM. B xozie mccienoBanus 6110 YCTAHOBJIEHO, UTO IIPYMEHEHMEe TeXHOMIOTUY «TIepeBePHYThI
K/IacC» MOKET CYILIeCTBEHHO MOBBICUTD CIIOCOGHOCTD CTYLEHTOB YIIPAB/SITh IIPOLIecCaMii COGCTBEHHOTO
06y4YeHMsI, YTO TIOAUEPKUBAET BaSKHOCTD BJIMUSHUSI MHTETPAI[MM METAKOTHUTUBHBIX CTPATEruil Ha pas-
BUTHME METOOB MPerofaBaHus Jsl JOCTUKEHMS 3asBJIEHHBIX 00pa30BaTeIbHbIX pe3yabTaToB. Hayunas
Ho6u3Ha. [laHHOe ycCieloBaHye BHOCUT OIpefie/IeHHbIV BKIAJ B IVCKYCCHUIO O ITYTSIX BJIVSIHUS TEXHOIO-
TVM «TIepeBepHYTHIN KJIacc» Ha MTPOLlecchl MeTarl03HaHMS C 11e/IbI0 ITpe/loCTaB/IeHNs CTyAeHTaM BO3MOXK-
HOCTeJi IPUMeHEeHMUs JIyYIIUX TTOAX0I0B K 06yueHnto. [[pakmuueckas 3Hauumocms. Hacrosiee mccieno-
BaHMe JaeT OIMYHbIE Pe3y/bTaThl AJIS1 MIKOJAbHBIX I1€aroroB, 1ccieqoBaTeseli 1 JInL, IPUHUMAOIIX
pelleHus, B TIOMCKE HOBBIX MYTeH JJIsl TOBBINIEHUST 06Pa30BaTEIbHbBIX PE3Y/IbTATOB YUAIIMXCS.

Knrouessie cnoea: nepeBepHyTHIN KIIacC, MeTaKOTHUTHBHASI 0CBeJOMJIEHHOCTh, Metacognitive Awareness
Inventory (olleHKa METaKOTHUTUBHOI OCBEAOMJIEHHOCTH), CTYAEHTHI, TPOLIeCcC 06yYeH s
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Introduction

In the current educational context, innovative teaching methods are overtak-
ing traditional approaches, making learning more active, autonomous and learner
centred, according to OCDE [1]. F. Zhang, H. Wang, H. Zhang et al. note that one
of the most widely discussed and adopted methods in recent years is the flipped
classroom [2]. According to M. Giiler, M. Kokog, S. Onder Biitiiner, this involves re-
versing the traditional roles of teacher and students: instead of receiving knowledge
passively during class time [3]. As noted by Y. Hao, students discover new content
independently, generally using multimedia teaching tools, and devote class time to
problem-solving situations and interactive activities [4]. F. Jiang, W. Zhang, F. F. Jin
et al. note that this learning model places the student at the heart of the learning
process, and has many advantages, particularly in terms of motivation and academic
success [5].

However, over and above the benefits linked to the acquisition of new knowl-
edge, studies suggest that the flipped classroom could have a considerable impact on
the development of students’ metacognitive skills [6]. According to A. Popandopulo,
A. Kudysheva, N. Fominykh et al. [7], metacognition refers to the ability to reflect
on one’s own cognitive processes, to become aware of one’s learning strategies, and
to adjust and regulate them. R. M. Abdelrahman affirmed that these skills include
planning tasks, monitoring learning progress and evaluating the strategies used [8].
J. H.Flavell concluded that metacognition development in students is essential, as it
can make them more autonomous by taking a critical perspective on their learning,
as well as being better able to solve problems and adapt to new situations [9].

In this sense, S. Han suggests that the flipped classroom can provide an envi-
ronment conducive to the development of these skills [10]. According to V. S. G. Sil-
verajah, S. L. Wong, A. Govindaraj et al. [11], this model encourages self-regulation
and awareness of the learning process by encouraging students to take ownership of
the content before the class and to collaborate actively during face-to-face sessions.
It has been suggested by D. Wu, X. Dong [12] that by taking greater responsibility for
their own learning, students are encouraged to organise their work more effectively,
evaluate the effectiveness of their strategies and adjust their methods in response
to the challenges they encounter. For example, during classroom sessions, they are
often confronted with activities that encourage them to reflect on their understand-
ing and adjust their approaches, in cooperation with their peers and with the sup-
port of the teacher [10].

J. M. Limueco and M. S. Prudente [13] conducted a study on the relationship
between the flipped classroom and metacognitive awareness, which is a relevant
and still underexplored area of research. Indeed, while the flipped classroom is fre-
quently studied in terms of its impact on student engagement and performance, it
is crucial to better understand how it could specifically strengthen metacognitive
skills, which are essential for sustainable and effective learning, as mentioned by R.
Khosravi, A. Dastgoshadeh, K. Jalilzadeh [14]. M. Kapur, J. Hattie, I. Grossman et al.
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[15] stated this is even more important in the context of secondary education, where
students are in the midst of developing their capacity for autonomy and regulating
their learning.

The aim of this study is to understand how the flipped classroom influences
students’ metacognitive awareness. Using the Metacognitive Awareness Inventory
(MAI) scale, this article explores the extent to which this pedagogical approach can
help students become aware of their cognitive processes and better manage their
learning.

By examining students’ metacognitive skills, such as planning, monitoring
and evaluating their learning processes, we pose the following question: does the
flipped classroom promote better regulation of learning and can improve students’
academic performance through the development of their metacognitive skills?

This study highlights the importance of metacognition in student learning
through the integration of the flipped classroom, which could play a key role in
strengthening these skills and improving students’ academic results.

Literature Review

At present, the term ‘metacognition’ is commonly used to refer to individuals’
thinking processes [16]. However, of the other definitions in the literature, the one
most frequently mentioned is that metacognition refers to ‘the ability of an individ-
ual to elicit information about his or her cognitive structure and to organise it’ [17,
18].

According to B. A. Blummer, J. M. Kenton [20], teachers must know and under-
stand the different thinking skills that underpin learners’ competences. O. Demir
and A. Doganay [20] affirm that individuals with metacognitive skills perceive learn-
ing processes, control these processes, plan their own learning, monitor learning
processes, organise their learning methods and finally move on to self-assessment.

Research on metacognition analyses what people think about their own cogni-
tion (metacognitive knowledge) and how people actually monitor and control their
cognition (metacognitive skills). There are many models of metacognitive skills in
relationship to other concepts namely self-regulation and metacognitive awareness,
each with slight theoretical variations and different terminology [21, 22, 23, 24].

As stated by C. H. Padmanabha [25], developing metacognitive skills during
learning allows students to evaluate their own understanding, making the learning
process more effective. This can also increase motivation to learn. It also improves
students’ ability to think by enhancing their metacognitive skills, critical thinking
[26] and creative thinking [27]. However, the borderlines between metacognitive
skills and strategies are ambiguous in both definition and composition. C. Gama
[28] uses the term metacognitive strategies for the conscious and intentional use of
specific methods, and cognitive strategies to define refined strategies that are used
automatically and unconsciously according to specific needs.

In addition, M. Lebrun and J. Lecoq argue that the flipped classroom is a disrup-
tion of traditional teaching tasks [29], making it possible to study content at a dis-
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tance well in advance of the classroom session, and to carry out learning activities
in collaboration with peers in the classroom, as noted by J. Bishop and M. Verleger
[30]. Thus, A. D. Mazur, B. Brown, M. Jacobsen [31] showed that the flipped classroom
requires the learner’s involvement by reading the course and preparing questions
before getting to it in the classroom.

According to A. Rutkiené, I. G. Kacar, E. Karakus et al. [32], the flipped class-
room focuses not only on the use of digital resources, but on the ambition, moti-
vation and engagement of learners with the teaching-learning process. O. Flores,
1. Del-Arco, P. Silva [33] showed that through flipped classroom learning, learners
develop abilities such as autonomy and critical thinking and improve their learn-
ing processes through collaborative learning methods. R. Martinez-Jiménez and M.
C. Ruiz-Jiménez [34] highlight that collaborative work is a fundamental element
for successful learning through the flipped classroom either in the classroom or at
home. Similarly, the flipped classroom helps to improve learner motivation, engage-
ment and satisfaction during the teaching-learning process [35, 36]. T. Roach [37]
points out that the practice of the flipped classroom makes it possible to achieve a
good relationship between learners and their teacher.

Methodology

Characteristics of the Sample

This study was carried out in two Moroccan secondary schools in the Casa-
blanca-Settat academic region. We opted for simple random sampling, as the study
population was composed of students with more or less similar characteristics.

Table 1 shows the characteristics of the sample, which comprised a total of 212
students: 112 females (52.83%) and 100 males (47.17%). The average age of the stu-
dents was 15.64 (15.67 for females and 15.61 for males). The sample was divided
into two experimental groups, one of which was designated as the experimental
group and the other as the control group.

Table 1
Sample characteristics by group, gender, number of participants and age
Number of participants
Group Gender Age
N %
Male 51 24.06% 15.84
Experimental Female 59 27.83% 15.54
Total 110 51.89% 15.68
Male 49 23.11% 15.37
Control Female 53 25.00% 15.81
Total 102 48.11% 15.60
Male 100 47.17% 15.61
Total Female 112 52.83% 15.67
Total 212 100.00% 15.64

Measuring Instruments and Data Analysis
The Metacognitive Awareness Inventory (MAI) is a psychometric tool designed
to assess an individual’s level of metacognitive awareness, i.e. their ability to reflect
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on their own cognitive processes. Developed by G. Schraw and R. S. Dennison [38],
this scale comprises 52 items measuring two main dimensions: knowledge about
cognition (understanding of one’s cognitive strengths and weaknesses, as well as
effective strategies) and regulation of cognition (ability to plan, monitor and evalu-
ate one’s cognitive performance). The results obtained enable us to measure the de-
velopment of students’ metacognitive skills and the effectiveness of their learning.

Knowledge about cognition:

» Declarative Knowledge (contains 8 statements) is used to measure the
knowledge required by the learner to understand information or skills and abilities.
This knowledge, acquired through presentations, demonstrations or discussions,
etc.

« Procedural Knowledge (contains 4 statements) measures the ability to ap-
ply knowledge to carry out a procedure or process. It assesses mastery of learning
strategies and the ability to know when and how to use them in various situations.

« Conditional Knowledge (contains 5 statements) measures the ability to de-
termine when specific processes or skills need to be applied. It assesses mastery of
when and why to use learning procedures, as well as the application of declarative
and procedural knowledge under specific conditions.

Regulation of cognition:

« Planning (contains 7 statements), to measure the ability to set clear objec-
tives and allocate learning resources effectively.

« Information Management Strategies (contains 10 statements) to measure
the skills and strategies used to process information more effectively, such as organ-
ising, elaborating, summarising, etc.

» Comprehension Monitoring (contains 7 statements) used to evaluate learn-
ing through formative assessment, and the effectiveness of the strategies used.

« Debugging Strategies (contains 5 statements) used to measure the effec-
tiveness of strategies used to correct errors in comprehension and performance
(self-regulation).

» Evaluation (contains 6 statements) used to measure performance, and the
effectiveness of the strategy used after a learning sequence (self-assessment).

The response scale is binary, with the 52 statements offering two opposing an-
swers (‘true’ or ‘false’). One point is awarded if the answer is ‘true’, and 0 points if
the answer is ‘false’. Each criterion is scored by adding up the points obtained.

The data collected from the measuring instrument were analysed using IBM
SPSS Statistics software, version 23. We used descriptive analysis methods and para-
metric statistical tests.

Experimentation

The aim of the study was to assess the impact of the flipped classroom approach
on students; metacognitive skills. To do this, the MAI (Metacognitive Awareness
Inventory) questionnaire was administered to two groups: an experimental group
who followed their course using the flipped classroom approach and a control group
who received traditional teaching. The experiment lasted one semester (4 months).
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Comparison of the results will make it possible to analyse the effects of the flipped
classroom on the development of metacognitive skills.

Results

Knowledge about Cognition

Table 2
Descriptive statistics for Knowledge about Cognition scores on the MAI scale for
the experimental and control groups

Group Test D.K P.K CK
N 109 109 109

Mean 6.40 3.19 4.03

95% confidence interval for |Lower bound 6.19 3.03 3.86
Experimental |Mean Upper bound 6.46 3.36 4.19
Median 7.00 3.00 4.00

Variance 1.317 .768 .768

SD 1.148 .876 .876

N 103 103 103

Mean 6.39 2.21 2.55

95% confidence interval for [Lower bound 6.18 2.00 2.34

Control Mean Upper bound 6.60 2.43 2.76
Median 7.00 2.00 2.00

Variance 1.161 1.209 1.171
SD 1.078 1.099 1.082

Note. D.K: Declarative Knowledge; P.K: Procedural Knowledge; C.K: Conditional Knowledge

Analysis of the results in Table 2 shows that the flipped classroom had a signif-
icant impact on procedural knowledge (P.K) and conditional knowledge (C.K), while
declarative knowledge (D.K) remained stable.

In fact, the means of P.K (3.19 vs 2.21) and C.K (4.03 vs 2.55) were significantly
higher in the experimental group, with non-overlapping confidence intervals, con-
firming a real progression. In addition, the higher medians in this group indicate a
general improvement in applied skills. On the other hand, D.K was not affected by
the flipped classroom intervention, with almost identical means (6.40 vs. 6.39) and
similar distributions. This suggests that the experience mainly strengthened the
ability to use and adapt knowledge rather than to memorise it.

These results indicate that the intervention encouraged more effective cogni-
tive strategies, reinforcing the participants’ autonomy in their learning.

Table 3
Shapiro-Wilk normality test for MAI scale scores
IV{ie_tacogl.utlve Group Statistic df Sig.
imensions
. Experimental .890 109 .000
Declarative Knowledge Control 902 103 2000
Experimental .794 109 .000
Procedural Knowledge Control 914 103 2000
. Experimental .836 109 .000
Conditional Knowledge Control 923 103 2000
The Education and Science Journal Vol. 27, No 8. 2025
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The Shapiro-Wilk test reveals that all the p-values are less than 0.05, which
means that the distributions of MAI scores do not follow normality in the two groups
and for all the variables. Since the normality hypothesis is rejected, it is preferable
to use non-parametric statistical tests to compare the groups (Table 3).

Table 4
Results of the Mann-Whitney test for comparison of groups.

Statistics tests Declara;:l\rgteeKnowl- Procedl;aagleKnowl- Condltl(;al;n:e Knowl-

Total N 212 212 212
Mann-Whitney U 5482.000 2873.000 1767.500
Wilcoxon W 10838.000 8229.000 7123.500

Test Statistic 5482.000 2873.000 1767.500
Standard Error 427.459 429.965 433.880
Standardised Test Statistic -.308 -6.374 -8.864
Asymptotic Sig. (2-sided test) .758 .000 .000

Table 4 shows the results of the Mann-Whitney U test comparing the experi-
mental and control groups. For declarative knowledge (D.K), the p-value =.758 (>.
05) indicates that there was no significant difference between the two groups. The
flipped classroom therefore had no influence on this dimension. On the other hand,
for procedural knowledge (P.K) and conditional knowledge (C.K), the p-values are
.000, i.e. less than .05. This means that there was a significant difference between
the groups, suggesting that the intervention improved these skills. Thus, flipped
classroom learning had a significant impact on P.K and C.K, but no significant effect
on D.K.

Table 5
Results of MANOVA analysis (Multivariate test for the effect of group on
metacognitive knowledge

Effect Value F Hypothesis df Error df | Sig.

Pillai’s Trace .980 3372.509° 3.000 208.000 [.000

Intercept Wilks’ Lambda .020 3372.509° 3.000 208.000 [.000
Hotelling’ Trace 48.642 3372.509° 3.000 208.000 [.000

Roy’s Largest Root 48.642 3372.509° 3.000 208.000 .000

Pillai’s Trace .459 58.826" 3.000 208.000 [.000

Group Wilks” Lambda .541 58.826° 3.000 208.000 {.000
Hotelling’ Trace .848 58.826" 3.000 208.000 [.000

Roy’s Largest Root .848 58.826" 3.000 208.000 .000

Note. a. Plan: Constant + group; b. Exact statistics

Table 5 shows the results of the MANOVA test used to analyse whether the
‘Group’ factor has a significant effect on all the dependent variables (declarative,
procedural and conditional knowledge).

The results show that the values of the multivariate statistics (Pillai’s Trace,
Wilks’ Lambda, Hotelling’s Trace and Roy’s Largest Root) are all associated with a
p-value of .000, i.e. less than .05. This means that there is an overall significant dif-
ference between the groups on all three types of knowledge. Thus, flipped classroom
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learning has a significant effect on participants’ metacognitive knowledge, confirm-
ing the previous results of the Mann-Whitney tests.
Regulation of Cognition
Table 6
Descriptive statistics on scores for metacognitive strategies on the MAI scale for
the experimental and control groups

Group Test P ILM.S | CM D.S E
N 109 109 109 109 109
Mean 5.57 8.07 6.40 4.52 4.30
95% confidence i lower bound 5.35 7.82 6.26 4.41 4.11
Experimental | nterval for Mean upper bound | 5.79 8.32 6.55 4.64 4.50
Median 6.00 8.00 7.00 5.00 4.00
Variance 1.322 | 1.754 | .595 .381 1.046
SD 1.150 | 1.324 | .771 .618 | 1.023
N 103 103 103 103 103
Mean 4.13 6.20 3.64 2.56 3.93
95% confidence lower bound 3.84 5.90 3.39 2.35 3.69
Control interval for Mean upper bound | 4.41 6.50 3.89 2.77 4.17
Median 4.00 6.00 4.00 2.00 4.00
Variance 2.092 | 2.360 | 1.605 | 1.150 | 1.476
SD 1.446 | 1.536 | 1.267 | 1.073 | 1.215

Note. P: Planning; [.M.S: Information Management Strategies; C.M: Comprehension Monitoring;
D.S: Debugging Strategies; E: Evaluation

The results in Table 6 show marked differences between the experimental and
control groups on the different dimensions of the scale. The experimental group
had higher means on all dimensions, particularly Planning (5.57 vs. 4.13), Informa-
tion Management Strategies (8.07 vs. 6.20) and Comprehension Monitoring (6.40
vs. 3.64). These differences are confirmed by the confidence intervals, which do not
entirely overlap, suggesting a real effect of integrating the flipped classroom. In ad-
dition, the Evaluation dimension (4.30 vs. 3.93) showed fairly high means.

The higher medians in the experimental group reinforced this effect, indicating
better overall performance after the intervention. On the other hand, the variances
and standard deviations were generally lower in the experimental group, suggesting
greater homogeneity of responses after the intervention. These results suggest that
flipped classroom learning had a positive impact on the development of metacog-
nitive strategies, in particular planning, information management and comprehen-
sion monitoring.

Table 7
Shapiro-Wilk normality test for metacognitive strategies

Group Statistic df Sig.

Plannin Experimental .892 109 .000

§ Control 948 103 .000

. ) Experimental 919 109 .000

Information Management Strategies Control 940 103 "000
The Education and Science Journal Vol. 27, No 8. 2025
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C . L Experimental .736 109 .000
omprehension Monitoring Control 945 103 000
. . Experimental .696 109 .000
Debugging Strategies Control 920 103 000
Evaluation Experimental .903 109 .000

Control .928 103 .000

The p-values (Sig. = .000) for all variables are less than .05, indicating that the
data do not follow a normal distribution in the two groups (experimental and con-
trol) (Table 7). The absence of normality implies the use of non-parametric tests.

Table 8
Results of the Mann-Whitney test for the comparison of metacognitive strategies
between groups

Tests P ILM.S C.M D.S E

Total N 212 212 212 212 212
Mann-Whitney U 2536.500 2053.500 460.500 827.500 4574.500
Wilcoxon W 7892.500 7409.500 5816.500 6183.500 9930.500
Test Statistic 2536.500 2053.500 460.500 827.500 4574.500
Standard Error 437.978 439.264 437.275 432.346 430.079
Standardised Test Statistic -7.025 -8.104 -11.784 -11.070 -2.416
Asymptotic Sig. (2-sided test) .000 .000 .000 .000 .016

Note. P: Planning; .M.S: Information Management Strategies; C.M: Comprehension Monitoring;
D.S: Debugging Strategies; E: Evaluation

Table 8 shows the results of the Mann-Whitney U test used to compare the ex-
perimental and control groups. The p-values (Asymptotic Sig.) show that the differ-
ences between the groups are significant for all the metacognitive strategies, with
values below 0.05. More precisely:

« P (Planning), .M.S (Information Management Strategies), C.M (Compre-
hension Monitoring) and D.S (Debugging Strategies) show p-values of 0.000, con-
firming marked differences between the groups.

» E (Evaluation) has a p-value of 0.016, suggesting a less marked but still sig-
nificant difference.

The negative Standardised Test Statistic values show that the experimental
group obtained higher scores than the control group, confirming a positive effect of
flipped classroom learning on metacognitive strategies.

Table 9

Results of the MANOVA test (Multivariate test) for the effect of group on
metacognitive strategies

Effect Value F Hypothesis df Error df Sig.
Pillai’s Trace .987 3208.034° 5.000 206.000 .000
Intercept Wilks’ Lambda .013 3208.034° 5.000 206.000 .000
p Hotelling” Trace 77.865 3208.034° 5.000 206.000 .000
Roy’s Largest Root 77.865 3208.034° 5.000 206.000 .000
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Pillai’s Trace .786 151.040° 5.000 206.000 .000
Group Wilks’ Lambda 214 151.040° 5.000 206.000 .000
Hotelling’ Trace 3.666 151.040° 5.000 206.000 .000
Roy’s Largest Root 3.666 151.040° 5.000 206.000 .000

Note. a. Plan: Constant + group; b. Exact statistics

Table 9 presents the results of the MANOVA (Multivariate Analysis of Variance)
test used to assess whether the ‘Group’ factor had a significant influence on all the
dependent variables (metacognitive strategies).

The results show that all the multivariate statistics (Pillai’s Trace, Wilks’ Lamb-
da, Hotelling’s Trace and Roy’s Largest Root) have p-values of .000, less than .05.
This means that the group effect is statistically significant for all the metacognitive
strategies. The group effect was particularly strong with a Pillai’s Trace value =.786,
indicating that 78.6% of the variance in metacognitive strategies was explained by
belonging to the experimental or control group. These results confirm that flipped
classroom learning had a significant impact on improving students’ metacognitive
strategies.

The Correlation between ‘Knowledge about Cognition’ and ‘Regulation of
Cognition’

Table 10
Spearman correlation between Knowledge about Cognition and Regulation of
Cognition
. Knowledge about | Regulation of
Control variables Cognition Cognition
Knowledge Correl:ation qufﬁcient 1,000 ,530™
about Cognition Sig. (2-tailed) - ,000
Rho de Spearman N 212 212
Reculation of Correlation Coefficient ,530™ 1,000
A, Sig. (2-tailed) 000 ,
§ N 212 212

Note. **. Correlation is significant at the 0.01 level (2-tailed).

Analysis of the Spearman correlations between knowledge of cognition and
regulation of cognition shows a correlation coefficient of 0.530 (p = 0.000). This
result indicates a moderate and significant positive correlation between these two
variables. In other words, students with better knowledge of cognition also tend to
regulate their cognitive processes better. The p-value (p < 0.01) confirms that this
correlation is highly significant, eliminating the risk that this relationship is due to
chance (Table 10).
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Table 11
Partial correlation between knowledge and regulation of cognition
Knowledge about Regulation of
Cognition Cognition
Knowledge about Correlation Coefficient 1,000 ,162
o 8¢ Sig. (2-tailed) . ,019
ognition N 0 209
Group Regulation of Cog- Correlation Coefficient ,162 1,000
gulatiol 8 Sig. (2-tailed) ,019 .
nition N 209 0

Analysis of the partial correlation between knowledge of cognition and regu-
lation of cognition shows a correlation coefficient of 0.162 with a p-value of 0.019.
This correlation is weak but significant (p < 0.05), suggesting a moderate positive
relationship between these two variables after control by group (experimental or
control) as an influential factor. This means that, although knowledge about cogni-
tion is linked to its regulation, this relationship is less marked when other variables
are taken into consideration.

Discussion

First, the aim of this research is to understand better whether the flipped class-
room influences students’ metacognitive awareness. To do this, we opted for the
Metacognitive Awareness Inventory (MAI) scale, and two groups of students were
selected to carry out the experiment.

Our initial results show that the flipped classroom had a significant impact
on procedural knowledge (P.K) and conditional knowledge (C.K), while declarative
knowledge (D.K) remained stable. Similarly, the results of the Mann-Whitney U test
comparing the two groups: experimental and control. For declarative knowledge
(D.K), the p-value = .758 (> .05) indicates that there was no significant difference
between the two groups. The flipped classroom therefore had no influence on this
dimension.

However, for procedural knowledge (P.K) and conditional knowledge (C.K), the
p-values were .000, i.e. less than .01. This means that there was a significant differ-
ence between the groups, suggesting that our flipped classroom approach improved
these skills. Therefore, flipped classroom learning had a significant effect on P.K and
C.K, but no effect on D.K.

E. A. Vliet, ]J. C. Winnips, N. Brouwer have suggested that the flipped class-
room can have a significant effect on the dimensions of procedural and conditional
knowledge [39]. Procedural knowledge (P.K) refers to the ability of students to ap-
ply their knowledge in tasks, often acquired through experience and applied in real
contexts [39]. In the flipped classroom, students are encouraged to become actively
involved in practical exercises, problem-solving or role-playing, which help them
to develop their academic skills [40]. The results obtained by J. Liu, Z. Wu, Y-Z. Lan,
W-]J. Chen et al., indicate that the flipped classroom encourages active learning and
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enables students to work independently, which leads to a significant improvement
in procedural knowledge [41].

At the same time, conditional knowledge (C.K), which is the ability to know
when and why to use certain strategies or knowledge in a particular context, seems
to be positively linked to the flipped classroom [42]. C.K will enable students to bet-
ter organise their learning outside the classroom. O. P. Amolloh, G. K. Lilian, K. G.
Wanjiru have shown that students develop a better understanding of the conditions
and contexts in which certain strategies or approaches are most relevant [43].

However, declarative knowledge (D.K), which is related to the memorisation of
facts, rules and theoretical concepts, seems to have changed little when linked to
the flipped classroom, according to S. B. Adeyemi, E. N. Cishe [44]. Also, R. Schlag,
K. Stegmann, M. Sailer show that this negative association could be due to the fact
that it does not necessarily focus on the accumulation of theoretical or factual
knowledge [45]. R. Plesec Gasparic, M. Glavan, M. Zvegli¢ Miheli¢, M. Valen¢i¢ Zu-
ljan suggest that, despite the effectiveness of the flipped classroom in reinforcing
the understanding and application of knowledge, it does not completely replace
more traditional teaching methods that favour the memorisation and assimilation
of declarative knowledge [46].

Overall, the results suggest that the flipped classroom has a more significant
effect on skills related to the application and management of knowledge in specif-
ic contexts. Nevertheless, declarative knowledge seems to require pedagogical ap-
proaches more focused on memorisation.

Our second result relates to the analysis of data from the MANOVA test, en-
abling us to assess whether the ‘Group’ factor has a significant effect on students’
metacognitive knowledge. The aim is to examine whether flipped classroom learn-
ing influences these different dimensions of metacognition, and to analyse these
results in the light of previous research.

The data obtained show that the multivariate statistical tests used (Pillai’s
Trace, Wilks’ Lambda, Hotelling’s Trace and Roy’s Largest Root) all have a p-value of
.000, below the threshold of .01. This represents a significant difference between the
groups with regard to the three metacognitive parameters. Thus, flipped classroom
learning appears to have a positive effect on the development of students’ metacog-
nitive knowledge.

These results are in line with previous research that has confirmed the effect
of the flipped classroom on students’ learning and metacognitive knowledge. The
studies of M. Algayres, E. Triantafyllou [47] and ]J. Barenberg and S. Dutke [48] have
shown that the flipped classroom encourages active learner involvement, which
leads to better structuring of knowledge. In addition, C. Gillette, M. Rudolph, C.
Kimble et al. [49] have shown that this approach improves students’ metacognitive
thinking by giving them more opportunities to manage their own learning.

Our findings are consistent with the research by L. Hsu and S. Hsieh [50] and
C. A. Bredow, P. V. Roehling, A. J. Knorp et al. [51], who have shown that the flipped
classroom stimulates critical thinking and encourages students to actively mobilise
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their prior knowledge to solve problems, which is particularly conducive to the de-
velopment of procedural and conditional knowledge.

However, despite the results obtained, it is wise to qualify the effectiveness of
flipped classroom learning in developing students’ metacognitive knowledge [52].
Indeed, some research points out that this approach does not guarantee a signif-
icant improvement in metacognition and may even pose significant pedagogical
challenges [53]. S. Burgoyne and J. Eaton [54] warn of the risks of excessive cognitive
load in students with low autonomy, which can hinder the development of proce-
dural and conditional knowledge.

Our third result, which concerns the analysis of Spearman correlations between
cognition knowledge and cognition regulation, shows a correlation coefficient of
.530 (p =.000). The same is true for the partial correlation between knowledge of
cognition and regulation of cognition, which showed a correlation coefficient of
.162 with a p-value of .019.

These results thus qualify the idea of a systematic and strong link between
these two aspects of metacognition, calling into question certain hypotheses ac-
cording to which better knowledge about cognition would automatically lead to bet-
ter cognitive regulation [55]. This is in line with the conclusions of certain research
studies by C. M. A. Gomes, H. F. Golino, I. G. Menezes et al. [56] and A. Efklides [57],
who emphasised that metacognitive knowledge does not necessarily translate into
an increased ability to regulate learning [58]. Thus, a more in-depth approach tak-
ing into account other contextual and individual factors may be necessary to better
understand the mechanisms underlying this relationship [59].

Limitations

Despite the results obtained, it is wise to mention certain limitations of our
research in order to guide future studies. Although our measurement instrument
has psychometric qualities, it would have been preferable to adopt other qualitative
protocols in order to obtain more data and, consequently, to make our results more
exhaustive.

Regarding our study sample, it would have been preferable not to limit our-
selves to just three schools, but to include several in the Casablanca-Settat aca-
demic region, in order to better generalise the results obtained to the context of our
research.

Finally, regarding the object of the research itself, numerous studies have em-
phasised that the evaluation of metacognitive components remains a complex pro-
cess [60, 61, 62]. Hence the importance of using robust measurement instruments to
achieve the defined research objectives.

Conclusion

The aim of this study was to analyse the impact of the flipped classroom on
students’ metacognitive awareness, by exploring its effects on the different dimen-
sions of metacognitive knowledge. The results show that this teaching approach
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particularly favours the development of procedural and conditional knowledge,
while declarative knowledge seems to be less affected. These findings are in line
with existing research, highlighting the value of the flipped classroom in enhancing
students’ active engagement and ability to apply their knowledge in problem situ-
ations.

However, the relationship between knowledge of cognition and the regulation
of cognition appears to be more nuanced, inviting further study of the underlying
mechanisms. Furthermore, although the flipped classroom has many advantages,
its effectiveness depends on a number of factors, including student autonomy and
the support systems put in place. Future research could therefore explore how this
approach can be adapted to optimise learning in all dimensions of metacognition
and respond to the challenges it may present in different educational contexts.
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