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In the teaching practice at The Education University of Hong Kong, the
relevant teaching team drew upon and applied the collaborative inquiry, critical
discussion, and integrated ‘“assessment—feedback—improvement” design
principles proposed in this achievement. The teaching activities were oriented
toward practical issues situated in authentic educational contexts, guiding
students to engage in sustained inquiry, discussion, and reflection around the
formulation of research questions, the development of theoretical foundations,
the selection of research methods, the analysis of data and evidence, and the
formulation of practice-oriented improvement plans.

During implementation, the relevant teaching practice incorporated the core
ideas of this achievement through structured discussions, staged presentations,
peer review, and teacher feedback. These approaches supported students in
collaboratively examining the rationality, logical coherence, and feasibility of
their research designs. Through multiple rounds of feedback and revision,
students gradually deepened their understanding of practical educational issues
and enhanced their ability to analyze, judge, and improve practice based on
evidence. Meanwhile, this model also helped students move beyond merely
completing research tasks toward more actively reflecting on educational
practice, identifying root causes of problems, and proposing concrete
improvement strategies. The application further demonstrated the applicability

and potential for wider dissemination of this achievement in teacher education
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and the cultivation of educational research capacity.

Shen Ba, PhD

Assistant Professor

Department of Curriculum and Instruction
The Education University of Hong Kong
Email: bas@eduhk.hk
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Understanding interpersonal interaction characteristics in
a blended synchronous classroom: a multimodal discourse

analytic perspective
Kiaojuan Li*®, Qingtang Liu®, Kui Xie 2", Yubei Chang?, Yafei Shi® and Jingjing Ma®

*Faculty of Artifidal Intedligence in Education, Central China Normal University, Wuhan, China; *Faculty of
Education, Henan Normal University, Xinxiang, China; ‘Department of Educational Studies, The Dhio State
Uniwersity, Columbus, OH, USA; “College of Educational Technology, Northwest Mormal University, Lanchou, China

ABSTRACT ARTICLE HISTORY
One measure of the effectiveness of a blended synchronous classroom  Received 15 Ociobes 2072
(BSC) is the quality of interpersonal interactions. However, qualifying the  Accepted 17 April 20213
complex dynamics requires more than frequency analyses of verbal beha- oo ne

viours, This study used a multimodal discourse analysis framework 10 groged wnchmnous
describe the dynamic coordination of interpersonal interactions N (hswoom; interpersonal

a B5C. The results showed that task ownership types affect the conversion  interactions; multimodal
between different interpersonal interactive modes. Moreover, giving  discourse analysin; nonvertal
equal attention to remote students, a5 a quality evaluation indicator of  and verbal behavours;
BSCs, needed to consider the interaction of teachers at both ends.  Primary school
Maoreower, L5.RS and RS.LT interactions drove the healthy developrment

of interpersonal interactions. In addition, the on-site teacher's eye gaze at

the remote student, combined with rhythmic gestures, not only acted as

a visual cue to indicate important linguistic information to attract stu-

dents’ attention but also modulated the salience of semantic feature

words in the accompanying discourse. Thus, on-site local teachers should

consider the appropriate interaction modes and the synergy of nonverbal

behaviours to construct highly engaging leaming environments.

introduction

Blended synchronous classrooms (B5Cs) connect muttiple learning spaces, enabling students in two
or more locations to participate synchronously in the same classroom experience (Raes et al., 2020;
Yang, Yu, & Chen, 2019). BSCs can connect remate and on-site classrooms, facilitate double-teacher
collaboration, and offer remote students the same educational resources and experiences as on-site
students (Li, Yang, Chu, Zainuddin, & Zhang, 2023; Wang, Quek, & Hu, 2017). However, B5Cs involve
more complex interpersonal interactions than fully online or face-to-face classrooms because of the
added technical challenges, spatial separation, and cooperative efforts; on-site teachers and students
must collaborate with remote teachers and students for everything to min smoothly (Shi, Tong, &
Long, 2021; Yang et al, 2019).

Interpersonal interaction in the context of classroom teaching refers to verbal and nonverbal
behaviouwral exchanges between teachers and students and the collaboration of different modal
behaviours (Morris, 2004). Meaningful interpersonal interactions are vital for successful online
courses (Abrami, Bernard, Bures, Borokhowski, & Tamim, 2011; Anderson, 2003; Moore, 1985).
However, psychological and pedagogical distance can profoundly affect interpersonal interactions

CONTACT Qingtang Liu lugtangemail conaeducn () Faculty of Artifical intelligence in Education, Central China Mormal
University. 607, Nanhu ing. 152 Luoyu Rd, Hongshan Wuhan, China
© ¥ Matonal nitinete of bducation, Segapons
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3. Exploring the emotional interaction of emergent roles in collaborative

argumentation with multidimensional and fine- grained analysis (SSCI)
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BEIRSME 5 AN R

Action Logic and Service Model of Differentiated Homework Design Empowered by
Education Digitalization

LI Xiaojuan, LIU Qingtang, WANG Yunhao, ZHENG Xinxin
(Faculty of Artificial Intelligence in Edueation, Central China Normal University, Wuhan Hubei 430079)

|Abstract| Differentiated homework is a practical aetivity that conneets inside and outside the
classroom, which has the effect of educating people by exploring individual potentials 10 promote the
generation of literacy. Literacy generation is the result of the activation of the practical significance of
curriculum  knowledge, and the demand —oriented  service of education  digitization focuses on  the
reduction of burden, improvement of quality and increase of efficiency under data empowerment,
providing an environment to support the design of differentialed homework to eliminate the disconnection
hetween "knowledge acquisition” and "literacy  generation”. This study explains the action logic of
differentiated  homework  design empowered by education  digitalization  from  four aspects:  literacy
orientation, coneeptual framework, deployment strategy and technological empowerment. Based on the
dynamic potential lesting, combined with Al intelligence and teachers” experience and wisdom, and in
the benign space of home-school—sociely synergy, this study construets a service model of "knowledge
loophole set — learning path chain — discipline literacy stack" data fow supported by technology, so as
to provide practical ideas for differentiated homework design empowered by education digitalization.
|Keywords| Education Digitalization: Dilferentiated Homework Design; Human—computer Collaboration;
Action Logie; Service Model
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Dynamic Collaborative Analysis of Teacher—student Multimodal Interaction
Behaviors in Blended Synchronous Classroom

11 x;iuljil.‘llll. ].l“ Q'nlglju'!l;z_ Wi “llj:l:l;z_ M].’.ﬂ F_nhu'l!, ?.“.‘\N{: !(iqu’
(1.Facuhy of Education, Henan Normal University, Xinxiang Henan 433007,
2 Faculty of Anificial Intelligenes in Edueation, Central China Normal University, Wohan Hubei 430079)

[Abstract] Blended synehronous elassroom (BSC), as o network: collaborative teaching model, is an
impordant means o desl with educational inequality and narrow the gap between urban and  rural
education. And teacher -student interaction is an important fsetor affecting the teaching quality of BSC.
This paper combines the multimodal  disecourse analysis  theory and the synerey and  inleraction
charactenistics of BSC, constructs a (ramework  for analyeing  elassroom teacher —stodent muliimodal
interaction, and portrays the gradual development process of BSC in different implementation perods with
the: i|r1p ol t'ng;ﬁliw- network ZI.rIile'Fi!‘. rlamrehr. lﬁ:hlllrln:.:y aveeplance in the f:arh' slape, Eufaplin: Iem:hiru;
method in the middle sage and doal teacher coondination in the late stage. This atwdy linds that the

interaction of the central school leachers with students and leachers sl both sites is centeal 1o the leachor—

student interaction in the BSC. The gaee, instructive gestures, and chythmie gestures of the central achool
teachers have the functions of guiding attention, emolional suppon and conveying information, a0 as o
stimulate the pesitive social inleraction between teachers and students, promote the efficienl conversion
between diflerent modes of interaction behaviors, improve the leaming experience of wachens and students,
and enhance the social existence of remote wachers and students. Based on this, this paper propeses a
gradual training strategy lor sell—directed teachers with mulii—party collaborative cultivation of usefulness
of pereeplual lechnology, aetive transler of pedagozy, and collaborative ereation of cases.

[Keywords| Bleaded Svochronous Classroom; Teacher —student Multimodal Interaction; Multimodal

Discourse Analysis; Cognilive Network Analysis
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From Polymarphic Representation to Immersive Participation: The Value Path of
Virtual Reality Technology in Supporting Subject Teaching

HU Hanlin, LIU Geping
(Faculty of Education, Southwest University, Chongging 400715)

[Abstract] As an immersive interactive virual system, virtual reality technology should effectively
radiate its educational function in subject teaching, facilitating the acquisition of subject knowledge and
the cultivation of subject thinking. In response to the practical problem of “abstract symbol —+ skills
truining —* instrumental thinking” in the process of corrent subject leaching, this paper explores the value
of virual reality technology in the process of subject teaching, such as intwitive leaming  resources,

effective application of knowledge and cultivation ol subject thinking. Then il propeses the [our bypes of

viriual n.-ulily —nssisted s el I(.-ul:hing: J'|11|1.-«[u-m||:r|l HIJI)JI'.I'.I ~based,  distributed Hlllljl.‘i!l =hused,
independent project integration and distributed project integration. Finally, based on the value of virtual
reality subject teaching and the types of virual reality subject teaching, this paper proposes the practical
path of virual reality—assisted subjeet teaching: the manipulative experience of intuitive resources, pointing
to the effective acquisition of knowledge content; the knowledge application in simulated situations o
promote the conversion of knowledge into competence; problem solving in real-life scenarios to realive the
access of knowledge to thinking, for the purpose of optimizing the process of subject teaching and
providing a reference for the application of virtual reality technology in teaching and learning.

[Keywords| Virtual Reality Technolozy; Subject Teaching Real-life Scenarios; Perceptual Experiences

Implementation Path: Subject Thinking

(E#F 78 3)

TR EAM

Learning label annotation is mainly guided by computational science, bt lacks theoretical guidance on
behavioral correlation at different time scales, The prediction results pay more attention to the performance
of learming behaviors than to the explanation of the process of mental development. Feedback from
multimodal data analyzis focuses on personalized leaming support and neglects decision support. Future

empirical  studies  should  pay  atlention lo elfective  learning  and  affective  experience,  inlegrate
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|KE‘Y\'-‘OTCIS| Muiltirrodal |,('u|1lil|g ﬂllulys]ﬁ; l.a:ilrlliug, Behavior: l.ﬁ:ilrnjng Label; Formul ]J:ul‘u[ll.g

&.’cuuritm,‘ Eulpirit:uj Slud}'

hitpss/www.cnki.net

117

85



8. BHEZIEFIFEE BRFEF S SLiEFE (CSSCD

ol 32No1 2022 b4 D) Ad LY
BRI E N FPITEAE BB RS L T

FMEL GEEITT EREC RGE HEE!

(1. #Ehpais \ITEESEERE, #HiERN 430079,
2. FEMEICE HESE. WEHS 453007;
3. BREPEAS EEREERE, TIER 210097:

4. FLIEZR EETEZR, AEFS 453007
ﬂ%:ii?iﬁﬁ%“é%%ﬁii”’“Egi?ﬂ“”,*”’ﬂz#ﬁéﬁﬁéﬁ‘ LEgRREY
B2, 2E, XEELER ARBTHEA EREFFRT A EFH, RATERENETRN
FLETETRA. 2 5 TEP TSP IS S P S
ZEuEE 3 : SHEIRERAT YLK, REAR
BETETATERS s 4 B, gzzvr«¢zmﬂxz,i§
XERLL TS PRARHERREHE IS, LA LTS
ERFRER

R EZFNET; SELTIN; FrL; TEFE

[FEFRSIG0-057 [XWMIFREIA LETAS11009—5097 (20223 01—0054—10 [DOI110.3969/jissn. 1009-3097.2022.01.006

EFSA%Y (SelfDirected Learning, SDL) ZIRFEFUAS| FHFELEHEET. £IFLE
itkl. 5%z, BET. RERTE ST AagEN. E5Hass, FER
HEERERAEEESASEY, TUNESEIENEEEAEISTHGHRY. MEEERBMRE
HEFRERHT, BEFRES<FASAEHECHENEESRESENE, EETMEEEE
HHEEMEREEFOREERE. 4. SiERmEAEE NS EEE S EE
RSN AE B T FEECEEASER B AR SR T m AR S S Sl
MEBLIFTAEELHAZE. THEE5. BETHSAEEE. AEIENE0EER%d
AEFERFAAFINETREETFEYE,. FHTRESEANEEREHESFMLERGER
thEE N B RE AR ERPIE, HEitk, EBFFILE THEFMbAE B A M “BRs
BHR” LR BRI EEEITRAZTFNFEEERSREIEA NS TS
BMEREERAEE. HEFEEARREE R T ALIEN. UatriiETmatEs
BENSHTMERSAEINEETEIEEN. BEREITH. Ll lHNEHE.

— MR

1 BRSEFINABREE

BERSAEIE—FEETAREMNEIHEIEE, EIEEE—IEFAEECHEN
TrRIEHEFEEEEEINTE. MEAANAGEIEEEEEEFEIMERD. BESAEN
BERXRTEAERTERTE. ZEEIEE. FEEYE. EENTHE. REFEFEE
FAAERD. ETHRAEZSENE TG IUERGETNERIEEN. SESEH
TERSREZIESEITWEPE. FHFTEER. T, ANLARE. 2I5EH
54

118



\l" '\ Vel 32 No.1 2022

= LHSREIENINRE. SRAFARNTN. T, ETERSALTIELNET
Bt BRTLIROLITAINE. EHET, WPETHTEL EHFEOANRE,
HSRERETRSINELEE, RESINEFNEN, BOSEENEARET OR.

) EREITATHERI AT

EELNTAEAR LA -BRANEBNEINE, NEGAREINETTAGTIL
FRGBELINMELZIN. EEEHET, TEAZRE. B2, RESTLEARTEL
JTAL. gEEISFEUELSEA. TA. BEMEDATE, BTHETEERNLH
FAEEEFRRNAN. AEIEEEIEREEMELOEDELNED, UAENR
RERSAZINENT. NESLITAFERSALIDENAAERHAEE, L5
DEAETRLIREESESY. BALIELIRE. UNTHLREEETIRES, HE
BEIENEEI . KE2TEY. FEZINEARTRREAFAN, FHTHDE
AEFOFEET, FRELORNE. IELETLIFA.

3 BRI EEIRNERLIREOLH

ERSHAESSIRDNLRD, MERSALITHEAPMEIRANL 523
HE, EDTRASEOEIETANEINAN. fim, FREZY, ELERIAL
ST DT E A S ISR 2 ST Wong SU9EH D ERFHHARBERIAXTE
£, AR MOOC ¥ EMH MEBNERALEY; SRHSIN AR ERETHE
ZSRETTEARELHERA, BEFHMERELHERANT/EE.

[, Broadbent U AHRSAETFRHFER A LLREEFHE—EE, £
ENEEHENER. ERAA. ESERNTARA\SEEDTEA LIRS, BE. 5T
EoRAERT2EARNERT . FEREHTEERTHUD RN BT BN EITE,
FEHEASARURBEOR TR SIS (ETRETAMHLRNE, Uit
EEABRARETSEEANRRCL. Hi, FEMSORAARSALILIRENN
EIEANERSELELTRENAFEEATESE, BITARSARRELIZAE
GHENE: RN, BRSA2IESINPRSIENERNSBNEILINN, LA
SEFHLHISMETERAIADEOEE, HERASORFREEE. EL, L.
WongPIR TS FAS 2T nM%E, BETLIRANLEENERA. BEHHAZ
ERSFARASAHNEIRN T ESES, AERNE

SEAH, BRSRLINESMEES. £I5H. ARAE. FARA. £I5EE
SEENYW. ERELITAT, BSEEANS. MEREGHANASESYE, Fi
ENFREABRINETTEILIRN. 2URGNESEITASUAMELYE, LR
FEMAXESAEAREMENTT. i, ZFASREErsREsaTeaen. 2
U RGRNESEAFHEAEENIE, ST EERE 2 SAENER IR
UTSAAE: OERSALINAEAREETLTRNEALE? OERSHLIANHRE
EHBELIRSEAYH, URFEEREEIET ek THELIRGEAYA? OF
RS R ITRAESE I FARL BT R AR EEEALE?

55

119



\l' ‘ '\ Vel 32 No.1 2022

An Empirical Study on Self-directed Learning of Normal School Students in Smart Learning Space
LI Xiao-juan™?  LIU Qing-tang'Comependizutior}  YWANG Jiao-vang®  LIANG Zhong-feng'  CHANG Yu-hei!

1. Faculty of Artificial Intelligence in Education, Central China Normal University, Wuhan, Hubei, China 430079;
2. Department of Education, Henan Normal University, Xinxiang, Henan, China 453007;
3. School of Educational Sciences, Nanjing Normal University, Nawing, Jiangsu, China 210097;

4. Department of Information Engineering, Xivciang Institute of Engineering, Xinxiang, Henan, China 433007)
Abstract: Firstly, this paper focused on “self-directed learning” and “smart learning space”, and designed a
self-directed leaming mode for normal school students supported by smart leaming space. After that this paper
conducted an empirical study of 18 weeks in the experiment course of “Modem Educational Technology™ in a
university to explore the influence of self-directed learning on the autonomous learning ability, academic performance
and online leamning behaviors of normal school teachers. The results showed that self-directed leaming caused obvious
little in the attitude dimension. Self-directed learning improved academic performance as a whole, especially improved
obwiously the academic performance and autonomous learning ability for those with a low level of autonomous leaming,
but its performance in online autonomous leamning behavior was poor. Finally, this paper proposed appropriate
strategies such as providing emotional support, designing multiple intelligence activity combination strategies and
offering timely and efficient feedback, in order to effectively carry out self-directed learning in smart learning space.
Keywords: self-directed learing; smart leamning space; normal school student; empirical study
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Abstract

In sceence educabon, the absraction and complesily of scentilic concepls are uswally
stumbling blocks that prevent students from learning science, Recently, sugmented reality
(AR) has offered trmnsformative polential 1o support scientific concepl keaming by visualiz-
ing scientfic phesomens and enhancing students’ experences, However. the lsck of appro-
priate pedagogical scalfolds might aot ensure effective learning in the AR leariing envi-
ronment (ARLE). In this study, we developed an AR-based learning o {PeachBlossom)
W support students’ scentific concept learning and idegrated the concept map strategy
wmio AR learndng activities. We conducted a quasi-experiment to examine the educational
elfectivensss of the concepl map strategy on studenls” mental models and cogmtive load
an ARLE. Eighty-five seventh graders (aged 12-14) from Central Ching were assagmed inlo
two groups (AR and AR with a concept map [ARCM]). The results showed that when con-
sidering students’ proor mental models, the posinve effect of the concept map mtegy was
found ealy 10 students with low and medium levels of prior mental models. In addibon,
the concepl map strategy reduced stdents’ mental effort but did not signiticantly affect
students’ menlal load  This study emphasases the importance of consadenng students’ prios
metital models when implementing the concepl map drategy m ARLEc

Keywords Augmented reality - Mental models - Concepl map strategy - Cogmitive load -
Structural assessment of knowledge

Introduction

Leasung scientific conoepts 15 2 complex and abstract process requiring 2 depth of under-
slandsng and visualizabon skills (Galbert, 2004). It maght lead 10 musconceplions amnd Ll
we 1o achieve effecuve bearnmng if students have difficulues understanding scentific con-
cepts {Sandin et al,, 20015). Augmented reality (AR} 15 one potential technology to partray
scsenilific concepls and phenomena for K-12 education (Almever et al., 2020); Chang et al.,
2022). In science education. AR 15 used 1o present microsoopae (1.€.. stomnc snd molecular
sirictures ) or abstract (i.e.. magnetic lines of mducton) scientilic phenomeni. which ane

Extonded author informsinos available on the lst page of the article
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Abstract: This research employs the fuzzy-set quali-
tative comparative analysis (fsQCA) method to inves-
tigate the configurations of multiple factors influencing
scientific concept learning, including augmented real-
ity (AR) technology, the concept map (CM) strategy
and individual differences (eg, prior knowledge, ex-
perience. and attitudes). A guasi-experiment was
conducted with 194 seventh-grade students divided
into four groups: AR and CM (N=52), AR and non-
CM {N=51), non-AR and CM (N=40), non-AR and
non-CM (W=51). These students participated in a
science lesson on “The structure of peach blossom”.
This study represents students' science learning out-
comes by measuring their academic performance
and cognitive load. The fsQCA results reveal that; (1)
factors influencing students’ academic performance
and cognitive load are interdependent, and a single
factor cannot constitute a necessary condition for
learning outcomes; (2) multiple pathways can lead
to the same |learning outcoma, challenging the no-
tion of a singular best path derived from traditional
analysis methods; (3) the configurations of good and
poor learming outcomes exhibil asymmetry, For ex-
ample, high prior knowledge exists in both configura-
tions leading fo good and poor learning outcomes,
depending on how other conditions are combined.

KEYWORDS

augmented reality, concept map strategy, fsQCA, indnadual
differences, science education
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Practitioner notes

What is already known about this topic

« Augmented reality proves to be a useful technological tool for improving science
learning

* The concept map can guide students to describe the relationships between con-

cepts and make a connection between new knowledge and existing knowledge

structures.

Individual differences have been emphasized as essential external factors in con-

trolling the effectivenass of learning.

VWhat this paper adds

* This study innovatively employed the fsQCA analysis method to reveal the com-
plex phenomeanon of the scientific concept learning process at a fine-grained level.

* This study dizcuzsed how individual differences interact with AR and concept map
strategy to influence scientific concept learning.

Implications for practice andfor palicy

= Mo single factor present or absent is necessary for leaming outcomes, but the
combinations of AR and concept map strategy always obtain satisfactory learning
GUICOMEs,

+ There are multiple pathways fo achieving good learning outcomes rather than a
single optimal solution.

+ The implementation of educational interventions should fully consider students’
individual differences, such as prior knowledge, experience and atlitudes.

INTRODUCTION

K-12 science education is a prominent focus in the field of education, as it plays a pivotal
role in nurturing students’ scientific literacy and contributing to the nation's innovation ca-
pacity (Cal et al., 2022; Reiss, 2020). However, certain scienlific concepls and phenomeana,
such as magnetic lines of induction (Liu et al., 2021} or microscopic entities like molecules
and atoms (Cai et al., 2014; Liu et al., 2023), prove challenging or impossible to observe
and percelve within traditional learning environments. Consequently, students often develop
misconceptions and possess a fragmented, incoherent knowledge base in specific scientific
areas.

Recent efforts by researchers aim to enhance science leamning among students. Some
studies affirm the advantages of employing augmented reality (AR) technology in enhancing
students' comprehension of scientific knowledge (Sahin & Yilmaz, 2020), fostering concep-
tual change (Kennedy et al., 2021; Yoon et al., 2017) and cultivating inguiry skills (Kyza &
Georgiou, 2019). Other research investigates the posilive impacts of fine-grained process-
ing strategies on science learning. For instance, a meta-analysis by Schroeder et al. (2018)
indicates that the concept map (CM) stratagy proves more effective for STEM learning
compared to other instructional methods. Especially, the use of concept map strategy can
effectively reduce the extraneous processing to generate and interpret the visuospatial in-
formation, thereby reducing overall cognitive load.

Mevertheless, the prevailing perspective asserts that educational media and padagog-
ical strategies are interconnected, mutually influencing students’ learning (Clark, 1884;
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Abstract

Though online peer assessment is recognized as a critical factor in enhancing leam-
ing performance, pedagogical strategies and analysis of students” peer assessment
at the group level, rather than the individual level, are underexplored. Online group
assessment (OGA) focuses on assessing peer-group work in an online environment,
A total of 64 student teachers participated in this study, where they were divided
into multiple groups of four. Each group was required to collaborate on completing
an instructional design and engage in OGA activitics. We utilized the Technological
Pedagogical Content Knowledge (TPACK) scale to assess the instructional designs
of student teachers, evaluating their ability to integrate technology, pedagogy. and
content knowledge. In this research, we consider the TPACK scores of each group’s
instructional design as their learning performance. The correlations between provid-
ing, receiving, and responding to comments and group leaming performance were
explored by adopting a mixed methods approach. The results indicated that OGA
enhanced group leaming performance. Providing comments was more associated
with improved group learning performance than receiving and responding to them,
Furthermore, providing informative comments was more associated with group
learning performance than providing other types of comments. In addition, imnova-
tive responses were positively associated with group learmning performance, while
uptake responsces were negatively associated with group leaming performance. Fi-
nally, the discussion and suggestions of intervention for different stages of OGA are
provided to help design and implement OGA activities in the future.

Keywords Online group assessment - Online peer assessment - Student teacher -
Computer-supported collaborative learming - Mixed methods - China
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Research on Micro-course in Ordinary High
School Physics Teaching

—A Case Study of the “6+1" Teaching Mode Used in Grade
10 Physics

QI Gaogian, Ll Xiaojuan
(Department of Educational Technology, Henan Normal University, Xinxiang , Henan. China 453007}

Abstract: As a product of the digital teaching era,micro-courses play an important auxiliary
role in the application of high school physics teaching.Based on the literature research method
and experimental method,based on the multimedia cognitive theory and the participatory teaching
theory,and in combination with the teaching practice of the Grade 10 physics in Changyuan
Ne.1 Middle School,this paper starts from the review of the micro-course and further takes
into account how to apply the introductory micro-course to high school physics teaching in
the “6+1" classroom teaching mode.In addition,it elaborates on the teaching mode by taking
a class entitled “Motion of Charged Particles in Electric Field” excerpted from Part 9,Section
3—1,Chapter 1 of the selective course,as an example.
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The Influence of the Students® Online Learning Behaviors on the Blended Learning Performance
LI Xiao-juan'  LIANG Zhong-feng®  ZHAOQ Nan®

(1. Educational Institute, Henan Normal University, Xinxiang. Henan, China 453007 ;
2. Henan Institute of Science and Technology Xinxiang, Xinxiang, Henan, Clina 433007
3. School of Computer and Information Science, Southwest University, Chongging. China 400713)

Abstract: In the blended leaming, online learning behaviors affect students™ leaming performance. This paper
classified the online leaming behaviors and conducted the quantitative analysis on online leaming characterization data
in blended teaching cases by employing the technologies of factor analysis and regression analysis. Moreover, the
students” online leaming behaviors and associated leaming performance model was constructed. By analyzing the
relational data, the paper found that students’ online learning behaviors had positive effects on the promotion of
network leaming self-efficacy, self=leaming ability and knowledge construction level, and took a positive effect on the
improvement of the leaming performance. Based on the results, four strategies o improve online leaming performance
were put forward, which included that focusing on online learning environment, emphasizing on online activity design
for goal - task - technology matching, paying attention to the guidance of teachers and the reform of learning evaluation
content.

Keywords: online leaming behavior, blended teaching, leaming performance; leaming analysis; structural equation
model
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Abstract: Behavioral computing based on visual cues has become increasingly important,
as it can capture and annotate teachers’ and students’ classroom states on a large scale and
in real ime. However, there is a lack of consensus on the research status and future trends
of computer vision-based classroom behavior recognition. The present study conducted a
systematic literature review of 80 peer-reviewed journal articles following the Preferred
Reporting ltems for Systematic Assessment and Meta-Analysis (PRISMA) guidelines. Three
research questions were addressed concerning goal orientation, recognition techniques,
and research challenges. Results showed that: (1) compuler vision-supported classroom
behavior recognition focused on four categories: physical action, learning engagement,
attention, and emotion. Physical actions and learning engagement have been the primary
recognition targets; (2) behavioral categorizations have been defined in various ways and
lack connections to instructional content and events; (3) existing studies have focused
on college students, especially in a natural classical classroom; (4) deep learning was the
main recognition method, and the YOLO series was applicable for multiple behavioral
purposes; (3) moreover, we identified challenges in experimental design, recognition
methods, practical applications, and pedagogical research in computer vision. This review
will not only inform the recognition and application of computer vision to classroom
behavior but also provide insights for future research.

Keywords: computer vision; offline classroom; teaching behavior; learning behavior;
behavior recognition

1. Introduction

The classroom allows for a series of interactions between teachers and students,
and is the main educational space for teachers to help students construct knowledge
and develop skills. Analyzing these interactions, that is, classroom behavior analysis,
can detect students’ learning status and behavioral characteristics, and provide timely
and stage-by-stage feedback to students [1,2]. It also tests teachers’ teaching strategies
and promotes teachers’ professional development [3,4]. Classroom behaviors mainly
include verbal and nonverbal behaviors between teachers, students, content, and teaching
tools. Nonverbal behavior, although frequently ignored, exists consistently throughout
the classroom. During the teaching and learning process, information was constantly
transmitted between teachers and students through nonverbal behaviors such as physical
characteristics, touch behaviors, and spatial factors [5]. Nonverbal behaviors were regarded
as an important part of instructional behaviors and had significant potential for helping
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(8/16), including behavioral, emotional, and cognitive engagement. Moreover, Yi [37]
measured students” leaming interests based on three dimensions: cognitive attention
(Attention), learning emotion (Emotion), and thinking activity (Thinking). (3} Attention
recognition considered attention levels (7/10) and attention directions (3/10). Attention
directions included looking at the teacher, looking at the board, looking at notes, and other
directions [2,35]. (4) In emotion recognition, studies mainly focused on students’ classroom
emotions (7107 and only one study focused on teachers' classroom emotions [34]. In
addition, Behera, Matthew, Keidel, Vangorp, Fang, and Canning [29] and Lee and Lee [28]
reflected on the difficulty and type of learning tasks based on the students’ facial features
upon answering the questions.

PO{n=39) o © o 10
P21 o o0 ° (2]

Pn=10) L1 o © © © 0 o

PHp=10) 0 (2] o 0 @]

2016 2007 2018 2019 220 2011 2022 2023 M

Figure 3. Disteibution of recognition purpeses and publication years.

Table 4. Research purposes and behavioral classifications.

Research Purpose Behavioral Classification Number
Student behaviors P}
Physical action (n = 39} Teacher behaviors and student behaviors 6
Teacher behaviors 5
; Learning engagement levels 13
Leaming engagement Cognitive engagament a
Behavioral and emotional engagement z
; Attention levels 7
Atimion (=104 Attention direction 3
Student emotions 7
Emotion (n = 10} Teacher emotions 1
Learning task types 2

The distribution of educational contexts, learning environments, and collection de-
vices in the reviewed studies is shown in Table 5. First, most of the studies chose higher
education {z = 48}, followed by k-12 (n = 26), and three studies chose a multi-segment
educational context [15,4141], while three studies did not specifically mention it. Sec-
ond, constrained environments are those in which the subjects will be instructed by the
researcher to exhibit classroom interaction behaviors, and natural environments without
the intervention. Overall, most of the studies were conducted in natural environments
{r = 70, especially the classical classroom (n = 52). Finally, most studies collected data via
cameras (n = 71), followed by computer webcams (1 = 6.
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ABSTRACT Classroom learning behavior recognition can provide effective technical support for teaching
and learning. However, in natoral classroom teaching scenarios, classroom learning behaviors are often
missed or falsely detected due to charscter occlusion and the small object. To tackle the above issues,
this study proposed an improved classroom learming behavior recognition algenthm (YOLOvEn BT) based
on YOLOvEn, On the one hand, for the occlusion problem of classroom learning behaviors, this study
incorporated the BRA into the Beckbone to better capture feature information: on the other hand, for the
small object problem of classroom leaming behaviors for back-row-students, this study expanded a Tiny
Ohject Detection Layer (TODL) to detect small targets better. Experiments show that the BRA and the
TODL can significantly improve the model performance. The ¥YOLOvEn_BT model, which incorporated
both the BEA and the TODL into the YOLOvEn(baseline) model simultuneously, has the most significant
performance improvement. Compared with the YOLOvEn{baseline}, the YOLOvEn_ BT model improved
by 3.0%, 6.7%, 5.0%. 3.6%. and 9.0% on B, R, F1. mAP30, and mAP50-90, respectively. The detection
performance of YOLOvEn_BT also outperforms other state-of-the-ans.

:_ INDEX TERM5 YOLOvE, BRA mechamism, learmng behavior recogmition, target detection, occluded
turgets, small argets.

L INTRODUCTION

The performance of the student’s learning behavior s
crucial to instruction and assessment [1], [2]. Assessment
of classroom learmmmg behaviors wsually mcludes manual
and automated mewsures [3]. Manual messurement mainky
includes self-reporting. imerviews, and observation. How-
ever, they have the problems of retrospective bias, high
subjectivity, and low efficiency [4]. With the development
of artificial mtelligence in the education community, using
smart technology to track and detect classroom learning
behaviors has become a new trend. Classroom learning

The associte editor cosrdinating the review of this manuscript and

approving it for publication was Donatae I:r\pulbcl\'u';l.

behavior recognition results can be utilized o analyze and
visualize behavior statisties, teaching patterns, etc. This
15 important for conducting learning situation analysis,
lewrning diagnostics, and schieving comprehensive, process-
onented, “multidimensional” assessments. Classroom learn-
ing behavior analysis is a data-tdrven mechanism. It promotes
the integration of objective and guantitutive assessment,
improving the accuracy of classroom instruction assessment.

Currently, deep leaming s progressively improving the
sutomatic measurement of classroom behavior., Automatic
clussroom behavior measurement methods have become a
resgurch hotspot in the field of education informutization [6],
[7] due o thewr highly automated, real-time, and efficient
featores [5]. Object detection algorithms based on deep
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FIGURE 2. Model structure of YOLOvEn_BT.

V¥ = gather (V. 17) (51
0 = Anension(Q), K, V¥) 4 LCE(V) (a)

where K* and ¥ are gathered key and value tensor, and LCE
(W) 15 a local context augmentation term, parameterized as a
function by deep convolution with convelution kernel size set
1o 5.
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This attention mechanism saves the number of parameters
and computation by gathering key-value pairs in the first k
relevant windows and wtilizing sparsity operations to skip
the computation of the least relevant regions directly. The
final 40 x 40 network festure map with adentified vital
information is then output and fed inte laver 8 for feature
learning, as shown in Fig. 2.
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ABSTRACT
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Collaborative problem solving, as a key competency in the 2181 cenmury, Includes both social and
cognitive processes with interactive, Interdependent, and perlodie characteristies, so bt is difficult
to analyze collaborarive problem solving by teadivonal eoding and counting methods. There is a
need for a new analysis approach that can caprure the remporal and dynamic process of
eollaborative problem solving in diversity online collaborative learning context o provide some
inaights into online collabosative leamning design. Dueing an elght-week semester, a total of 42
student teachers participated in two online collaborative learning activities. Student teachers’
discourse data were collected, and the data were coded based on a collaborative problem sobving
assessment model. This study used Eplatemic Network Analysis (ENA) to explone the collaborative
problem solving processes of student teachers In different online collaborarive learning rasks. The
resulis showed that both the high and low academic performance groups worked o maintain
positive communicatbon, but the students in the high academic performance groups negotiared on
Ideas while the students in the low academic performance groups focused on sharing resources,
ideas. Moreover, fine-grained centrold analysis on a weekly basis showed that the high academic
performance groups began by maintaining posttive communicarion, and ended by negotlating
ideas, while the low academic performance groups began by sharing resources/ideas and ended
by regulating problem solving scrivitles. Finally, the implications, limitatdons, and futuee research
were discussed.

1. Introduction

In the last 20 years, technolegical, economic, and social development have put new demands on peoples’ key competencies, and
collaborative problem solving (CPS) has been recognized as an essential component {(e.g., von Davier, Hao, Liu, & Evllonen, 2017}
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Abstract

Problem-solving strategies are crucial in learning programming. Owing to their hidden
nature, traditional methods such as interviews and questionnaires cannot reflect the detals
and differences of problem-solving strategies in programming. This study uses the Hidden
Markov Model to detect and compare the problem-solving strategies of different groups
in an interactive programming environment. The results suggest that high- and low-per-
formance students have significant differences in their problem-solving strategies in pro-
gramming. High-performance students had more “blank behaviors™ in programming than
low-performance students in video recordings. Low-performance sindents spent more time
“searching teaching materials™ than high-performance students. In the transfer task. high-
performance students began the task by “identifying the problem.” while low-performance
students were involved in the “implementing of strategies.” Additionally, high- and low-
performance students improved from basic o transfer tasks. These findings shed light on
why students performed differently in programming and how and when teachers needed w
provide instructions to students in programming education.

Keywords Hidden Markov model - Problem-solving strategy - Programming learning -
Frogramming performance
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Table 3 Dhescriptive statistics of behaviors

Category Sub-category Frequency Percentage
Resource -related behaviors Search weaching materials 555 16.73%
View task sheet 143 4315
Code-related behaviors Copy teacher's codes U 2 ER
Input code by contrasting teacher’s 295 B.ET
samples
Input code by themselves 287 B.65%
Fun the codes 523 15.76%
Debug the codes 599 18.05%
Other behaviors Blank B33 19.68%
Assisting behavior 153 461%
Odf-task behavior 14 0425
Taoital 3318 100V

Table 4 BIC measures of high- and low-performance students in two tasks

Mumber of hidden states e £} 4 5 f 1 #

High-performance students 690727 656644 639485 637712 G4REOD 660076 677263
Low-performance students 560148 342167 517L1 5302212 536d4R 0 SIRROA 536834

Baold value indicate the smallest value in that row, which also means that is the best number of the hidden
states

initial probabelity
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Fig. 4 HMM of low-performance students
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ABSTRACT

Background: Roles are the socio-cognitive interaction patterns in social learning. Analyzing emergent roles provides insights
into how students naturally participate and contribute knowledge in productive collaborative argumentation-based learning
{CABLE). However, previous studies lack a comprehensive and in-depth understanding of the emergent roles in CABLE. In ad-
dition, the relationship between the emergent roles and the CABLE performance of groups and individuals needs to be further
explored.

Ohbjectives: This study aims to identify emergent roles in CABLE and explore the relationship between the dynamic fluctuation
of emergent roles and learning performance from both individual and group perspectives.

Methods: To fill this gap, a collaborative argumentation discussion activity was conducted among 33 undergraduate students,
The study analyzed the fine-grained collaborative discourse moves based on the community of inquiry (Col) framework. Then,
the study identified emergent roles and guantified the dynamic fluctuation of emergent roles through sequence clustering and
entropy analysis. Finally, the relationship between the emergent roles and the CABLE performance of groups and individuals
was explored.

Results and Conclusions: The findings revealed that students emerged as Discussion facilitators, View point contributors, and
Enowledge integrators during CABLE. Students with high argumentation skills had significantly higher role entropy values
than students with low argumentation skills, and they flexibly regulated and transitioned their emergent roles. Furthermore, the
higher the dynamic fluctuation of group emergent roles, the better the group learning performance tended to be. Based on the
findings, the study proposed implications for instructional design and future research directions to optimize students’ CABLE.

1 | Introduction

The emergence and development of diverse educational tech-
nologies have enhanced instroctional activities and student
learning. Collaborative argumentation-based learning (CABLE)

enables students to share, construct, and integrate arguments in
multiple ways supported by educational technologies, CABLE
involves higher-order thinking. reasoning and knowledge con-
struction (Jonassen and Kim 2000) It contributes to acquiring
and generating individual scientific knowledge and cultivates
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3.5 | Research Data Collection, Analytical variables, analytical methods and data sources. Content anal-
Framework and Approaches yais was first performed to code and apalyse students’ dis-

course moves, and then the sequences of students’ discourse
The study collected three types of data: collaborative argu-  moves were obtained. Based on the above analysis resalts, se-
mentation discourse, argumentation skill assessments and  guence clustering was used to identify the emergent role cal-
collaborative artefacts, to assess emergent roles and learn-  egories. Then we got the sequence of emergent roles during

ing performance in CABLE. Table 1 outlines the dimensions,  the collaborative argumentation discussion. To guantify the
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ARTICLE INFO ABSTRACT

Heywards: Background: Mathematics Is increasdngly lmportant in the Al era, yet student engagement ln mathematices
Teacher mubtimadal behavior classrooms pemalns low, constralning learming outcomes. Although teaches behavies plays a critieal role In
Student engagement shaping engagement, prior research has largely examined iselated behavior rypes, offering lmired Insight

Classroam discourse
Mathematics teachers
Dieep leaming techncdogy

Into the differential and synergistic effects of teachers’ mulimedal behaviors within classroom discourse,
particulaely in the Chinese cultural eontext. In additlon, rraditonal approaches are often limited by sublectivity
and small data scales.

Alms: This sudy proposes an 1CAPD Q framework for student engagement and examines the differental
effects of prlmary mathematics teachers” multimodal behaviors and thels verbal-postural synergistle parterns
on student engagement in China,

Sample: Dara were drawn from 90 clasroom vides samples collected from primary mathemaries classrooms
Iy China.

Methods: Deep learning technologies were employed o exteact large-scale process dara on teachers’ mul-
timodal behaviors and stedent engagement. A relatlonal matdx network analysis was then conducted 1o
systematically examine the differential impacts of wacher behaviors. Semi-structured teacher Interviews were
further used to complement and fnterpret the quantitatve findings.

Results: While questioning verbal behaviors and adaptive postural behaviors occurred most frequently,
direcrive verbal behaviers and proximal postural behaviors wese most effective In enhancing engagement
and promoting high-level Moreover, 4 2| v and directive-proximity emerged as
particulaely effective dialogic discourse strategies, representing the most pewerful verbal-postural synerglstic
patterns fn the Chinese cultural context.

Conclusions: Different types of teacher verbal behavioss, postural behaviors, and thelr synergistic pamerns
exerted signifleantly different effects on student engagement within Chinese mathemaries elassrooms.

1. Introduction is not merely an individual learner characteristic but emerges through
interactive processes embedded in classroom teaching. Student en-
Mathematics significantly underpins developments in science, engi- gagement is shaped by multiple factors, among which teachers’ use

neering, and technology, gaining increased importance in the artificial
intelligence era (Hwang et 2021; Mutua & Mwangi, 2024). Despite
the critical value of mathematical skills across various domains, many
students remain reluctant to engage in mathematics learning (Hwang
ctal, 2021). A substantial body of empirical research has demonstrated

that low levels of student engagement are significantly associaved with
reduced mathematics achievement (Fung et al., 2018; Masmin et al,  insufficient attention to the differential impacts of various teacher be-

2021). Student engagement is widely regarded as the core mechanism haviors. At the same time, multimodal discourse theory emphasizes that
that influences learning outcomes in classroom teaching. Engagement

of discursive strategies plays a crucial role, second only to student
characteristics, in influencing engagement levels {Subramainan & Mah-
moud, 2020). However existing research has predominantly focused
on single-modal analyses, typically examining the effects of a spe-
cific type of teacher behaviar on student engagement, while paying
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Fig. 2 The archilecture of an automatic recognition teal for teachers” verbal and postural bebavior and students” classroom participation behavioe,

covered all students without obstructions. As shown in Fig.
viden offers a complete dual-view recording.

To further explore and interpret the results of the guoantitative
phase, teacher interviews were conducted following the guantitative
analysis (5hi .. 20:21). Data were collected in the spring semester of
20025, Four mathematics teachers were purposively sampled from two
primary schools, with two reachers drawn from each school. To respect
the teachers' privacy, the four teachers are referred to as Teacher
¥iang, Teacher Wu, Teacher Li, and Teacher Lan in the following
sections. The participating teachers had extensive frontline teaching
experience (average teaching tenure of 17 years, ranging from 11 to
30 years). The interviews were held online via Tencent Meeting, each
lasting 45-60 min, and were audio-recorded and transcribed verba-
tim. Before the formal interviews, we provided a detailed explanation
of the classification criteria and coding rules for teacher verbal and
postural behaviors and stedent engagement behaviors, ensuring that
the teachers were familiar with these frameworks. In addition, we
informed the teachers abour the research objectives, the use of the
data, the interview process, and the compensation, ensuring that all
interviews were conducted with the teachers' voluntary participation
and informed consent, in strict complignce with research ethics.

1, each
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3.3. Instrumeents

As shown in Fig. 2, deep learning technigues were employed to
develop tools that automatically recognize teachers’ verbal and postural
behaviors, as well as student engagement.

3.3.1. Coding framework and deep learning tools for reacher verbal befuy-
iors

Based on speech act theory (Austin, 1975; Van der Rijst et al., 2014),
this soudy classifies teacher verbal behaviors into five types: assertive,
directive, commissive, expressive, and declaration, with questioning
further separated as an independent category due to its importance in
mathematics classrooms (Parkinson & Whitty, Z022; Suryandani & Bu-
daszi, 2022). The detailed classification criteria and examples are shown
in Table 1. Classification was conducted using ChatGPT with optimized
prompts. The design and examples of these optimized prompts, along
with their iterative refinement process, are illustrated in Fig. 3. To eval-
uate classification consistency, textual data from a randomly selected
lesson were independently classified by a postgraduate researcher and
ChatGPT. The Cohen's kappa coefficient reached 0,916, exceeding the
recommended threshold of 0.75 (Banerjes et al., 1999), thus confirming
the effectiveness and reliability of ChatGPT in clussifying teacher verbal
behaviors.
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Abstract

Since its inception, Generative Artificial Intelligence (GenAl) has attracted signifi-
cant attention in education and shows great potential in improving students’ aca-
demic performance. Although many studies sugpest that academic performance 15
influenced by multiple factors. how these factors affect academic performance n
GenAl-supported learning remains unclear. This study collected self-reported data
from 40 students in a GenAl-supported learning context, including their Al literacy,
perception of technology. student engagement, and academic performance. Using a
configurational approach, methods such as fuzzy-set Qualitative Comparative Anal-
ysis (150QCA) and Necessary Condition Analysis (NCA) were applied to explore the
complex relationships among these variables and their synergistic effects on aca-
demic performance. The results show that no single factor is necessary for academic
performance; instead, it arises from the interaction of multiple factors. Specifically,
three different configurations were found to lead to high academic performance, all
sharing high emotional engagement as a common feature. Moreover, complemen-
tary effects were observed among Al literacy, perception of technology, cognitive
engagement, emotional engagement, and behavioral engagement, and their synergy
significantly enhanced academic performance. The study also identified two con-
figurations associated with low academic performance, highlighting the complexity
and asymmetry of factors influencing learning outcomes. This research contributes
to deepen the understanding of the multiple factors affecting academic performance
in GenAl-supported learning, enriches social cognitive theory, and reveals the key
role of emotional engagement i achieving high academic performance. Moreover,
it offers several practical implications for educators on how to support students ef-
fectively in GenAl-supported learning.
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@ Springer

73



Education and Information Technologies (2026} 31:589-619 595

- == . T
-~ o
/s .Y

! A\

/ Personal Factor Ill

\ Al Literacy /

-~ M~
_,/f A S \
v il LY p \\__.

/ i P N
. = N\

| Academic ';
- Performance -
% X . b = >
/ N - ~ N
! 2 . o i Envi P >
Behavioral Factors p nvironmental
| Cognitive Engagement ) Factor II
I Emotional Engagement i : i i
\ : : : 2 .y Perception of Technology |
\I‘suimrmrial Engagement jGenAl-Supported Learning /
\ /A“m SN /"
" - o - ~ -

Fig. 1 The expanded triadic reciprocal determinism framewaork

2.3 A hybrid method of FsQCA and NCA

Traditional rescarch often utilizes methods such as multiple regression (Heman-
dez-CGrarcia et al., 2024), structural equation modeling {(Wu, 2017), and partial least
squares estimation (Jamalova & Balint, 2023) to investigate the influencing fac-
tors of academic performance, neglecting the mterdependencies among multiple
factors (Douglas et al ,2020). However, GenAl-supported learning represents a
complex learning process where personal factors, technological environment fac-
tors, and behavioral factors interplay. Multiple influencing factors may interact in
various ways to jointly impact students” academic performance. Qualitative Com-
parative Analysis (QCA), which combines the strengths of qualitative research
and quantitative empirical analysis, is capable of examimng causal relationships
in terms of sufficiency and necessity (Dul, 2016a, b). It has been widely applied
in fields such as health sciences and organizational management (Asghar et al.,
2023). Unlike traditional statistical methods, QCA adopts a configurational per-
spective, arguing that outcomes are shaped by the intertwined effects of multiple
causal conditions that are mmterdependent (Fiss, 2011). The specific effect of a
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Induction heating
Multi-physical field coupling
Phase Lransition

Electromagnetic induction heating technelogy is characterized by the features of a high heating rate, accurate
temperature conirol, and non-contact, which can be adopted to address the solidification issues of molten zalt in
the thermal storage system. In this study, & multi-physical field coupling medel for the induction heating of Hitec
molten salt was established. The distribution of axial and radial magmetic field swrength was obtained, and the
effects of factors including the current, conductivity, thermal conduetiviry, pool height and radius on the phase
transition characteristics of molten =alt were investigated. The results indicate that the magnetic field strength
Increases approximately linearly with the increase of current. The increage in current accelerates the melting of
molten salt, and the melting time can be shorened by 51.8 % as the current increases from 200 A 1o 330 A, and
the heat storage density can be increased by 13.3 %. It is aleo found that as the thermal conductivity increased
from 0.571 Wm "K' to 25 Wm K Y, the melting time was reduced by 373 %, but the heat storage density
wias decreased by 21.5 %, and the increase of conductivity of the molten salt leads to the increase of the melting
rate, the melting time can be shomened by 57 %, and the heat siworage density was increases by 19.7 %. The
height of the molten pool can increase the melting rate within a specific range. This study iz expected to help
improve the heating efficiency of molten salt for thermal energy storage.

1. Introduction operating efficiencies. Among numerous thermal storage technologies,

phase change thermal energy storage technology utilizes phase change

In recent years, the renewable energy generation has been becoming
the dominant trends toward alleviating extreme climate change and
realizing carbon neutrality, thus the installed capacity of photovoltaic
and wind power generation systems has been increasing remarkably,
which is considered as a helpful solution to alleviated the environmental
pollution and high carbon emissions caused by fossil fuel combustion.
Unfortunately, the power generation of solar energy and wind energy
has inherent randomness, volatility, and intermittency, which can cause
fluctuations in the power grid, resulting in security risks. To further
increase the consumption ratio of renewable energy sources, it is
necessary to mitigate and stabilize the power supply through energy
storage systems [1-7]. Integrating an energy storage system allows the
generation units to operate at full load with higher efficiency and a
certain degree of independence from the current grid electricity de-
mand. Generally, Thermal energy storage systems have lower capital
costs as compared to other storage technologies, as well as very high

* Corresponding awthor,
E-mail address:

E g/ 10,1016
Recelved 21 March 2025: Received in revise
Available online 6 September 2025

materials (PCM) to absorb or release a large amount of latent heat in the
process of phase change to store energy, which has high energy density
and safety, and therefore has been widely used in practical engineering
[4]. Molten salt has alse become an attractive thermal storage material
due to its high energy density per unit volume, high specific heat ca-
pacity, which is widely adopted to be used for thermal energy storage.
Integration of molten salt thermal storage system to the solar thermal
power can make it possible to provide continuous and stable power to
the grid, thereby increasing efficiency and extending the life of the
power system [5].

In thermal energy storage system with molten salt based PCM, the
thermal properties of molten salt based PCM play a crucial role in
determining the performance of the thermal storage system. Kalidasan
et al. [6] investigated a green-synthesized 3D coconut shell biochar/
polyethylene glycol composite for thermal energy storage, demon-
strating a 114.5 % increase in thermal conductivity and a 6.3 % increase

1359-4311/0 2025 Elsevier Lrd. All rights are reserved, including those for text and data mining, Al training, and similar technologies.
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(12}

Fy = pga-(T — T (13}
whese Fy is the volumetric force (N), T is the unlt teasos, p Is the hy-
drodynamic viseosity (Pa-g), and g ks the accelesation of gravity (ms %),

225 Phase ransitlon fleld conmrol squadong

The phase transition of Hitee molten salt ks a physical phenomenon in
which matter s transformed from one state to another under changlng
external conditons. The occurrence of phase transition process for Hitee
muolten salt is characterized by the phase transiton temperature, which

Is not & fixed value but an interval, the upper lmit of the temperature is
defined as the liquid phase line temperature Tz, and the lower limir of
the temperature i the golld phase line remperature Ty Therefore, to
represent the melting process of a materlal, the concept of lguld phase
fraction has been proposed, and the liquid phase fraction of the Hitec
molten salt can be expressed [248]:

0 TeT,
T=1
T_‘I = I.I

1 TxT

(143

Ti=T<T:

=

where Ty s the solid phase line temperature (K), and T2 is the Hquid
phase line temperanure (K)
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{4) The increase in thermal conduetiviry aceelerated the meliing of
Hitee molen salt. As thermal conductivity Increased from 0.571
Wm0 25 Wom LK the melting time was reduced by
373 %, but the heat storage density decreased by 21.5 %,

{5) The effect of different molten poal helghts on the phase ransiton
aof Hitee malten salt was Investigated. The resuls showed that the
malten pool helght can Increase the melting rate in a certain

range.

{6) The increaze of the molten pool radius k= beneficlal 1o the increase
of the melting rate of the molten salt, and with a smaller molten
pool radiug, the induced current generated s lower, making It
difficult to heat the molten salt effectively.
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ARTICLE INFQ ABSTRACT

Keywonds: Promoting student engagement has long been a vital subject in the research of Computer-
Facperatie/collatmeative leaming:: Supported Collaborative Learning (CSCL). Previous research has indicated the potential of Al-
Distance education and online leaming based vieual learning analytics feedback and generative Al (GenAl) feedback in this context.

Data svience applications in educaltion

i R However, there is currently a lack of definitive research on the combined impact of these nwo
Evaluation methodologies

types of intefligent feedback in CSCL. Additionally, limited artention has been paid to how groups
utilize these tools in CSCL practice and the differences that may exist. In this study, we developed
an Visual-GenAl learning analytics feedback tool that integrates Al-based visual learning analytics
feedback and GenAl-based feedback. We then evaluated the differences in groups” interactions
with this Vizual-GenAl learning analytics feedback and its asspreiation with student engagement
and academic performance. The study employed a mixed-methods approach, combining quan-
ritative analysis of feedback interaction log data, content analysis of group discossion data, and
qualitative analysizs of students’ perceptions of different feedback tools through surveys. Our
results show that groups exhibit four distinet levels of feedback interaction behavior patterns with
the Visual-GenAl learning analytics feedback. These four patterns exhibit significant differences
in behavioral engagement, emotional engagement, cognitive engagement, and academic perfor-
mance. This study's significance lies in its potential contribution to future research on examining
group behavier and optimizing learning using Al-based visual leaming analytics feedback and
GenAl-based feedback.

1. Introduction

Identifying and changing learning environments in traditional classrooms is challenging (Kao & Ruan 2). In contrast,
Computer-Supported Collaborative Learning (CSCL), one of the most promising innovations backed by modern computer-mediated
information and communication technologies, improves student collaboration and learning activities. In CSCL, group members
focus on unstructured problems, express and integrate views to promote knowledge construction and provide solutions or create
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i@foxmatl.com (X Yin), imye@cenu.educn (1. Ye).
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Fig. 5. Learning analytics feedback provided by GenAl

required to complete six periodic online collaborative learning tasks. Each online collaborative learning task lasted for one week,
during which groups forused on four software architecture and design pattern cases (a total of 24 cases discussed over the period) for
online discussions. Groups conducted online discussions through an online collaborative learning system incorporating Visual-GenAl
learning analytics feedback. Each group engaged in in-depth discussions on the four cases assigned for the week within the system,
focusing on analyzing case understanding, implementation ideas, and methods. For detailed case content, please refer to Appendix A
During the collaborative discussion, group members could click the "Learning Analytics” button on the current discussion page to view
the Visual-GenAl learning analytics feedback, as shown in Fig. 3. After the collaborative discussion, each group was required to
summarize the discussion content into a collaborative report (with no format or word-count restrictions) and submit it.
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Abstract: Shell and tube heat storage technology is considered an effective means to address temporal and spatial
mismatches in renewable energy utilization. However, its application is limited by poor heat ransfer performance.
In this study, an elliptical twbe was introduced in the shell and tube heat storage unit, and the thermal storage
performance was investigated and compared with circular tube by numerical simulations. The superiority and
reliability of elliptical twbe thermal storage units were validated, and the effects of heat transfer fluid (HTF) fow
velocity, heating temperature, and the angle between the major axis and HTF flow direction on heat transfer
capacity were elucidated. Tt was demonstrated that the introduction of elliptical wbe can reduce the melting time
of molten sali-based phase change material (PCM) by 63.11% and decrease pressure drop by 95.19% compared to
circular tube under the equal cross-sectional area. In addition, it 1s found that the increase of the HTEF velocity is
helpful to promaote the heat transfer, but also results in higher pressure drops and energy losses. As the heating
temperature increases from 425 K o 445 K, the melting time of the PCM can be reduced by 63.2%. The angle
between the major axis of the elliptical wbe and the HTF flow direction was also identified as a eritical factor, with
angles between 307 and 60° providing an optimal balance between phase change time and pressure drop, making

it an ideal choice for the improvement of heat exchange efficiency and the reduction of energy consumption.

Keywords: shell and tube heat storage unit; thermal storage performance; elliptical cross section

1. Introduction weather and temperature, which makes their energy

supply unstable and unreliable [3]. Therefore, the

Owning to the rapid development of industrialization
and population size, an increasing amount of energy is
needed to be harnessed to meet the growing energy
demand [1]. To mitigate the negative environmental
effects caused by energy consumption, the efficient
development and utilization of renewable energy sources
have attracted widespread attention [2]. However, most
renewable energy sources are inherently intermittent due
to their dependence on natural phenomena such as
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development of high-efficiency and low-cost thermal
energy storage (TES) systems has become particularly
crucial. LHTES (Latent Heat Thermal Energy Storage) is
regarded as a promising method employing the cyclic
storage and release of latent heat through the solid-liquid
phase transition of PCM. The shell and tube heat storage
unit is a typical form of LHTES, which can be used to
achieve the efficient thermal energy storage. Molten
salt-based PCM can be served as heat storage medium
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1.4 Simulation method

In this study, the COMSOL Multphysics was
cmployed to investigate the thermal storage performence
of a shell and tube heat storage system using the sensible
heat capacity method. The physical fields moluded fluid
heat conduction, laminar flow, and non-isothermal
laminar flow. The non-isothermal flow module was
adopted to achieve multi-physics coupling, to achieve the
combined caleulation of heat transfer and fluid flow. The
HTF velocities were set to 0.05 mv's, 0.1 mv's, and 0.2 m's,
while the initial temperature of the Hiter molien
sali-based PCM was set to 410 K. The phase transition
process of PCM was considered complete as the liguid
fraction of the PCM reached 1.

3. Numerical Model Validation

A werification protocol was implemented by
benchmarking the current numerical predictions against
cstablished results from reference studies to confirm the
maodel's fidelity [18]. The reported numerical model
consists of a cylindrical container with an inner tube
radius of #=15 mm and an outer tube radius of H=50
mm. The HTF at a temperature of 435 K flows through
the inner tube, while the remaining walls are sct as
adiabatic boundanes. The imitial temperature of the
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molien sali-based POM 15 set to 400 K. It can be seen
from Fig. Z{z) that the comparison reveals that the
temperature vanations in this study align well with the
results reported in the literature, with the average
calculation error 15 less than 1.4%. This demonstrates the
reliahility of the model established in this study.

To wverify the prid mdependence, three sets of grids
with different numbers of elements were set, with grid
counts of 674, 4376, and 11 868, respectively. The
comesponding melting times are 491 s, 751 5, and 757 5.
The grd distributions are shown in Fig. 3. As can be scen
from Fig. 2{b), the melting time difference between the
grids number 4376 and 11 368 15 extremely small, with a
relative error of only 0.7%. Therefore, the grid with 4376
clements  was  sclected  for  subsequent  numerical
simulations. The gnd generation for different models is
shown in Fig. 3. To ensure cost-ctfectivencss and good
convergence, o time step of 10 5 is set to perform the
calculation.

4. Results and Discussion

4.1 Effects of cross-sectional shape on the phase
change characteristics

To enhance the melting rate and hecat transfer
efficiency of molten salt in shell and tube heat storage
unit systems, this present study proposes the introduction
of thermal storage twbes with different cross-sectional
shapes into the molten salt model. The effects of elliptical
and conventional circular cross-sections on the melting
process of molten salt-based PCM are investigated, wath
the HTF heating temperature set to 425 K and the flow
velocity set to 0.1 m/s. The simulation recorded the
changes in the liguid fraction and pressure drop of the
PCM duning the melting process, as shown in Fig. 4. It iz
found that the liquid fraction of all cross-sectional
models increases with simulation time, indicating that the
temperature of the molten salt-based PCM rnises
continuously over time. When the temperature reaches
the melting point of the Hitec molten salt based PCM, a
solid-liguid phase change oceurs, leading to an increase
in the liguid fraction. In terms of heat exchange
completion time, the liquid fraction of the clliptical tube
rapadly reaches | within a shorter duration, demonstrating
significant efficiency. It can be clearly scen. before 28 5,
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ARTICLE INFO ABSTRACT

Keywards: solving deslgn problems requires designess to engage In a contlnuous process of reflection,
Reflective Jearning geadually clarifying the problem and seeking the optimal solution. Promoting student to reflect on
Scaffalding

their design solutions through well-designed reflective bearning activitkes and scaffolding is a key
approach to improving design performanee. However, few empirical studles have explored the
design of trerative reflective learning activitles for design tasks and thelr Impact on design per-
formance and reflective thinking. Therefore, this study presented a seaffolded reflective thinking
miodel based on previous research and Implemented a three-stage reflective learning activity with
different seaffolds ar each stage to help student teachers solve an Instructional design task. Thirmy-
three student teachers partielpated in the study. & mixed methods approach of content analysis,
statlstical analysis, and eplstemic network analysls was used o analyze thelr Instructional design
artifacts and reflective journals to investigate student teachers” design pesformance and devel-
apment of reflective thinking. The results showed significant improvements in the qualicy,
fMuency, originality, and elaboration of student teachers” Instructonal design artifacts. Thelr re-
flectbons focused malnly on task-related content and problems in the design artifacts. The pro-
gression of thelr reflective thinking from descriptive to dialogic reflectlon was evident, with more
in-depth reflection an problems, contear, and potential solutions observed in the later stages. In
addition, this study revealed a positive correlation between student teachers” reflective thinking
and deslign performance and identified the three key roles of scaffolding in enhancing reflection
and design performance. Thess findings highlight the Importance of terative reflective practice
and seaffolding in selving design tasks and provide valuable edueatiomal Implications for
imnproving design performance.

Design perfarmance
Reflective thinking

1. Introduction

Design is a problem-solving activity (5 2000; Simon, 1973). Most design tasks are considered ill-defined and highly complex
problems (Jonassen, 2000). They are often uncertain, lacking specified problem identification, explicit evaluation criteria, and a
definite solving path (Hong & Chei, 20190, Solving design tasks requires knowledge from various domains and the ability to retrieve
and apply this knowledge to context-specific problems (Hong & Chaoi. 2019), as well as strong metacognitive or self-regulation skills
(Greenao, Korpi, Jackson & Michal 2). Therefore, solving design problems in any field can be challenging for novice university
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teachers to engage in reflection.

The reflective learning process starts with designing the initial solution for the task to gain authentic experience. Students then
acquire scaffolding materials, learn from them, and observe the differences or gaps between the scaffolding materials and their prior
design experiences and solutions. Through observation and comparison, reflection is stimulated to help identify problems in design
solutions. The next step involves reflecting on their experiences and design solutions, analyzing the problems and the reasons behind
them, and finding ways to solve them. Subsequently, students evaluate the strengths and weaknesses of their design solutions,

Final instructional design

artifacts Week 112
P T
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Fig. 2. The procedure of the reflective leaming activiries.
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Abstract  With the rapid advancement of emerging tech-
nologies, an increasing number of studies are integrating
technology into teacher professional development. This
evolving trend, however, presents additional challenges for
educators, particularly in the Torm of heightened technos-
tress. Despite this, there is a noticeable gap in research inves-
tigating the factors influencing teacher technostress and their
interrelationships with technology-supported teacher learn-
ing (TSTL). This study aims o scrutinize factors influencing
teachers” technostress and satisfaction in TSTL, grounded
in the person—environment fit theory. Data were collected
from 681 K-12 teachers in China. The results from structural
equation modelling revealed that, within TSTL, teachers’
value beliefs and school support signaficantly impact both
technosiress and satisfaction. Intriguingly, technosiress itself
did not demonstrate a direct relationship with satisfaction,
Subseguent multi-group assessments shed light on distinct
correlations between teachers” value beliefs, school sup-
port, and technostress based on gender and teaching levels
in TSTL. In light of the study’s insightful findings, several
recommendations are proposed for the future implementa-
tion of TSTL.
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Introduction

Teachers™ learning is a continual process through which
educators cultivate specialized knowledge over time {Kelly,
2006). Given the dynanic nature of their workplace. teach-
ers must adapt to and embrace emerging technologies. The
imperative lies in integrating technology into teachers” pro-
fessional learning in substantive ways to comprehensively
bolster their professional development {Asensio-Pérez et al..
2017). Technology-supporied teacher learning (TSTL) cen-
tres around teachers” engagement in professional develop-
ment activities within technology-supported environments,
enabling them to acquire knowledge and skills that enrich
their teaching practices and deepen their understanding of
stwdent learning (Lee etal., 2007).

Mevertheless, the integration of technology into teach-
ing practices can contribute to an increased workload for
teachers, particulardy due to the substantial time investment
required 1o learn and incorporate these tools into their daily
routines (Wang et al., 20207, thereby inducing stress among
educators. A survey conducted in Hong Kong revealed that
an overwhelming majority (87.6%) of teachers reported
experiencing high levels of technostress (Lau et al., 2022).

Drawing upon the person—environment fit theory (P-E fit
theory), stress is conceptualized as arising from a misalign-
ment between personal and environmental characteristics
(Edwards & Cooper, [990). In the context of technosiress,
it is essential to consider both the personal atributes of the
teacher and the features of the environment (Al-Fodail &
Mellar, 2008:; Chou & Chou, 2021). This perspective is cru-
cial as it moves beyond a simple focus on the presence or
absence of technology and instead considers the complex
interplay of personal and environmental factors. Previous
research has explored various factors influencing teacher
technostress in diverse settings, including online teaching
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goals (Vongkulluksn et al., 2018). Therefore, teachers’
belief in technology use emerges as a crucial internal fac-
tor influencing thear technostress and satisfaction (Dong
et al., 20200, Vongkulluksn et al, (2018} identified a model
of moderator-mediated interactions in which value beliefs
moderated the relationship between perceptions of school
support and classroom technology integration. Chang et al.
(2024} also found value beliefs play a moderating role in
teachers” technology use.

Therefore, we hypothesized that value beliefs are nega-
tively correlated with teachers” technostress in TSTL (H4).
Additionally, we proposed that the relationship between
school support and technostress is moderated by value
beliefs (H5), and similarly, the relationship between tech-
nostress and satisfaction is moderated by value beliefs (H6).
Furthermore, we hypothesized that value beliefs are associ-
ated with teachers’ satisfaction with TSTL (H7).

Demographic Variables

In addition to school support and value beliefs, variables
such as teachers” gender and teaching level also impact
teacher technosiress. Solis et al. (2023} found that women
tend o experience more technostress than men. Aktan and
Toraman (2022) also discovered that both the gender of
the faculty member and the type of institution significantly
influenced the level of technosiress among faculty members.
Wang and Zhao (2023) found no significant gender differ-
ences in technostress. This opposite view was also found
in other studies {Ficapal-Cusi et al., 2024; Pagan-Garbin
etal, 2024). In summary, the relationship between gender
and technostress is contentions and warrants further explora-
tion in different contexts,

(

Stressor

In addition to gender, school level can also impact a
teacher’s technostress or satisfaction. Chou and Chow (2021)
found that technostress was linked to teachers” willingness
to discontinue onling teaching in elementary schools but not
associated with technostress among higher education teach-
ers. Solis et al. (2023) reported that teachers in compulsory
secondary education experience higher levels of technostress
compared to teachers in both undergraduate and vocational
traiming programs. Given China's national context, compul-
sory education stages include primary and secondary stages.
However, the technostress of teachers in these two stages and
its relationship with other variables have not been adequately
addressed.

Based on our research hypotheses, we show the theoreti-
cal model shown in Fig. 2.

Methodology
Context

In 2021, we initiated the pilot implementation of the intel-
ligent training platform (ITP). The pilot is ongoing through
2024, which ensures the timeliness of this study. Each vear,
a selected group of schools is chosen to integrate ITP for
learning with technical support. ITP serves as a platform that
aids teachers in blended learning. as illustrated in Appendix
A, Within this platform, teachers can conduct instructional
design online, engage in discussions with peers, observe
and assess classes both synchronously and asynchronously,
reflect online, and organize or participate in classroom
competitions.

An outstanding feature of ITP is automated collection
and analysis of teachers” and students” behaviours in the
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1 | INTRODUCTION
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Abstract

Background: Both soclally regulated learning and cognitive quality are important fac-
tors affecting collaborative knowledge building, but the current research lacks a joint
quantified evaluation method that combines these bwo aspects.

Objectives: Based on the existing framewark, we proposed a joint evaluation method
for regulated leaming and cognitive guality in collaborative knowledge building, and
further extracted the evaluation indicators.

Methods: This study invalved 74 learners enrolled in a course named “the Application
of Modern Educational Technology® as the subject of study, and made a case analysis
with this method.

Results and Conclusions: First, the indicators of this joint evaluation method could
complement the indicators of traditional frequency statistics methods and facilitate
an analysis of regulated learning and cognitive quality in collaborative knowledge
bullding. Second, the group with a higher proportion of high-level cognitive guality
and socially shared regulation in collaborative knowledge building achieved better
final scores, Finally, four types of groups were obtained through clustering: excellent,
risky, mixed group, and highly collaborative group. This study introduced a joint eval-
uation methed for regulated learning and cognitive quality in collaborative knowledge
building and provides suggestions for future research.

KEYWORDS
cognitive quality, collaborative knowledge building. quantify measurement, socially regulated
learning

Hwang et al, 2008; O'Riordan et al, 2021, Zheng et al, 2022). There

iz a substantial body of research on socially regulated leaming (farveld

In recent years, there has been a significant increase in interest in col-
laborative knowledge building (CKEB) in computer-supported collabo-
rative learning (CSCL) emvironments (Wa et al, 2021 Yang
et al., 2022; Zheng et al., 2023). Socially regulated learning activities
in this process, encompassing metacognition, motivation. behaviour,
and emotion during collaboration (Hadwin et al, 2017), have been
considered key factors for success in CKB [Hadwin et al, 2047,
Jarveld et al_. 2014} Furthermore, as CKB is a typical cognitive proces-
sing activity, the cognitive quality of learners during collaboration has

received extensive attention from researchers (Cheng et al, 2021;

et al. 2020; Jarveld et al. 2023; Mpuyen et al, 2022; Mguyen
at al, 2023) and the development of cognitive guality during CKB
[Blooma et al, 2013; Hwang et al. 2008: Fan Ouyang et al. 2021:
Ouyang et al., 2022; W, 201%). These studies indicate a trend toward
uzing artificial inteligence to analyse socially regulated learning. vet
the changing cognitive quality associated with regulated learning has
not received adequate attention. Regulated learning types reprasent
social patterns, while cognitive guality is another important dimen-
sion; thus, exploring the complex interplay of social and copnitive
interrelations is essential for umderstanding onfine coflaborative

180& I 0 2024 Jehn Wiy & Sare Lid.
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FIGURE 2 The framework of regulated leaming and cognitive quality.

without distinguishing between higher and lower levels. Therefore,
they were assigned values of -1 and 1, respectively, using different
symbals to identify them. For the cognitive quality, walues ranging
from 1/4 to &4/4 were assigned from low to high levels to represent
thair relative relationships. Using socially regulated leaming as the
x-axis and cognitive guality as the y-axis, the synthesized encoded
data were |abelled as coordinate points in a two-dimensional coordi-
nate system. as shown in Figure 3.

Each code was corresponded to a unigue value with a positive or
negative sipn. The corresponding values of the codes were fisted in
Tahble 3.

Each segment of the learmer's online discourse text can be coded
with a specific value, comesponding to the specific value of each code.
This approach enables the extraction of various pieces of information
regarding socially regulated leaming and cognitive quality. Further
details are presented in the following section.

3.6 | Indicators of JERC

After obtaining the corresponding values for each text encoding, the
quantitative values of the text encoding were sorted in ascending time

order. Subsequently, a line graph ilustrating the change in socially reg-
ulated learmning and cognitive quality ower time was drawn. As an
example, Growp 13, which had the lowest final score, was selected for
drawing a line chart. as showed in Figure 4. The following information
was reflected.

L There were 109 messages that reflected the cognitive guality in
the Group 13.

i. Group 13 engaged in a prolonged discussion of socially shared
regulation with low cognitive quality (0,147 from the 44th mes-
sage to the 77th message).

iii. Mon-socially shared regulation in Group 13 reached the highest
cognitive level of creating (valwe = —1) three times, while socially
shared regulation did not reach the highest cognitive level of
“creating” {value = 1).

Moreover, based on the line chart, we derived some condensed
indicators to describe the characteristics of the group's socially regu-
lated bearning and cognitive guality. To verify the effectiveness of
these indicators, we analysed their correlation with traditional indica-
tors. Traditional indicators, such as the number of messages repre-
senting the total frequency of post behaviours, were highly correlated
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Abstract: Providing coaching to participants in
inguiry-based online discussions contributes to
developing cognitive presence (CP) and higher-order
thinking. However, a primary issue limiting quality and
timely coaching is instructors' lack of tools to efficiently
identify CP phases in massive discussion transcripls
and effectively assess learners' cognitive develop-
ment. This study examined a computational approach
integrating text mining and co-occurrence analysis for
assessing CP and cognitive development in online
discussions based on the community of inquiry {Col}
framework. First, text classifiers trained on different
language models were evaluated for identifying and
coding the CP phases. Second, epistemic network
analysis (EMA) was employed to model cognitive
patterns reflected by co-occurrences between the
coding elements. Results indicated that text classi-
fiers trained on the state-of-the-art language model
Bidirectional Encoder Representations from Trans-
formers (BERT) can address the efficiency issue
in coding CP phases in discussion transcripts and
obtain substantial agreements (Cohen's k = 0.76) with
humans, which outperformed other baseline clas-
sifiers. Furthermore, compared to traditional guan-
titative content analysis, ENA can effectively model
the temporal characteristics of online discourse and
detect fine-grained cognitive patterns. Owerall, the
findings suggest a feasible path for applying learning
analytics to tracking learning progression and inform-
ing theory-based assessments.
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processes discussion transcripts and performs process-oriented assessments can substan-
tially benefit online instructors.

Text classification and cognitive presence

Text classification refers to machine learning techniques for categorizing open-ended text
into predetermined categories (Minaee et al., 2020). Multiple studies have applied text clas-
sification to coding the CP phases (Table 1). Based on text features used, these studies can
be grouped into three types. First, early studies made classification decisions according to
distinctive words contained in a unit of analysis (Corich et al., 2006; McKlin, 2004). Second,
a few studies adopted more advanced text features consisting of linguistic and grammatical
attributes of words (Barbosa et al., 2020; Kovanovic et al., 2014, 2016, O'Riordan, 2018).
Third, Neto et al. (2018) and Hayati et al. (2019) further included word embeddings as text
features, which is a computable text representation that accounts for the meaning of a word
based on its adjacent words (Almeida & Xexéo, 2019). The extant studies represent a collec-
tive effort to address the time- and labour-intensive difficulties of the QCA. While manual
coding can take days, most machine learning models can accomplish the same task within a
few minutes. Therefare, text classification is promising in considerably relieving the pressure
on instructors.

Monetheless, to enhance the validity and reliability of assessments, there is still room
for improvement in terms of text classification accuracies. Recently, Devlin et al. (2018)
proposed a powerful text representation model, Bidirectional Encoder Representations from
Transformers (BERT). Itis a transformer-based deep learning model specifically for natural
language processing. BERT differs from previous text representation models by generat-
ing dynamic and contextualized word representations due to its unigue training tasks (ie
masked-language modelling and next sentence prediction). Moreover, following the trans-
fer learning mechanism, BERT may easily be adapted to downstream tasks with relatively

TABLE 1 Previous studies on automatad cognitive presence coding

Citation unit of analysis (size)
Meklin {2004)
Messags (n= 1997
Corich et al. (2006)
Sentence (n = 484)
Kavanovit el al. (2014)
Messags (n= 1747}
Kovanovid et al. (2018)
Message (n= 1747)
O'Riordan {2018)
Message (i = 60Q)
Meta et al. (2018)
Messagea (n = 1125)

Hayati at al. (2019)
Massaga (n= /)

Barbosa el al. (2020)
Messaga (n = 1500)

Text feature

Word count

(General inquirer category modal)
Word count

(Usar defined list)

M-gram; Pari-of-Speech;

Context features

LIWC; Coh-Matrix; Custom fealuras;

L&A similarity; Mamed entities

Liwe
(Only used 13 atlributas)

LIWC; Coh-Metrix; Conlext fealuras;

WE similarity; Named antilies
Doc2vec, LIWG, Contaxt features

LIWC; Cah-Matrix; Contex! fealures

Classifier
ANM

ACAT systam

SWM

Random Forest

Randam Forest

Random Forest

MNaive Bayes

Randam Forest
[(English)

Measure

CR=069
Cohan's k =0.31

CR=0.71

Cohean's k =041

Accuracy = 0.73
Cohan's k=063

Cohan's k = 0.62

Cohan's k= 0.72

Accuracy = 0.78
Cohan's k = 0.68
Recall = 0.68
F1=077

Accuracy = 067
Cohen's k=053

Anlbreviatons: ACAT-automated content analysis tool; ANK, artficas! neural netwark; CR, coefficent of reliabaity, LIWE, lingulstic

Equiry snd word count; LSA, latent semantic analysia; SWM, suppart vector machine, WE, word embeddings.
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INTRODUCTION

Abstract

Problem-oriented teaching (POT) activities are im-
portant in classroom instruction. The level of stu-
dent response can be influenced by different teacher
behaviours in POT. However, the characteristics of
teachers' multimodal behaviours at different levels of
response are unclear. This study applied epistemic
network analysis to explore the characteristics of
teachers' multimodal behaviours in POT with differ-
ent response levels. Using 256 POT segments from
12 classroom teaching videos in primary and second-
ary schools, this study found that authentic questions
and iconic gestures occupied a central position in
multimodal behaviours. The concomitant use of mul-
timodal behaviours and the flexibility in eye contact
could improve the response levels of students. These
findings help understand how teachers' multimodal
behaviours can promote students' responses.

KEYWORDS

eplstemic network analysis, multimodal behaviours, probkem-
oriented teaching

The interaction between teachers and students has garnered the attention of researchers
(Wang et al., 2019). Usually, teachers' questions initiate interactions in classroom settings

© 2023 British Educational Research Association.
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FIGURE 4 Epistemic network of teachers’ verbal behaviours in POT. (a) displays the epistemic natwork of
teachers’ verbal behaviours for the low-response group. (b) illustrates the epistemic network of teachers” verbal
behaviours in the high-response group. {¢) shows a comparison of the networks of the two groups.

iconic gestures, between compliment feedback and student scan, and between authentic
questions and iconic gestures. These behaviours were more likely to occur simultaneously
in this group.

Mann-Whitney test examined the differences in the distribution of projected points in
the ENA space in the high- and low-response groups (Table 15). Similar to the results for
teachers' verbal and non-verbal behaviours, only in the first dimension were the results
statistically significantly different between the high- and the low-response group at an alpha
level of 0.07.

To further validate the ENA results, we coded the POT segments where compliment
feedback and iconic gestures appeared simultaneously as 1 and the others as 0. The coded
results and student-response levels were subjected to a chi-squared analysis. According to
the chi-squared test results, there was a significant relationship between the level of student
response and whether compliment feedback and iconic gestures were present in the same
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Abstract

While augmented reality (AR) technology has shown the potential to facilitate stu-
dents” hands-on activities, few studies have explored its effectiveness in acous-
tic topics. This paper introduces an AR-based application for learning about the
Doppler effect and investigates its educational effectiveness on students’ learning
achievement, interest, and attitude compared to a two-dimensional (2D} learning
tool. Eighty-five junior high school students participated in our study, and they were
randomly assigned to two groups (AR: n=44, 2D: n=41). The results revealed that
students in the AR group outperformed those in the 2D group in terms of their
leaming achievement and interest. Both groups showed positive attitude toward the
Doppler class and physics learning. Moreover, students presented a high level of
cognitive perception toward the AR learning tool. This study provides a case for
the application of AR in acoustics learning.

Keywords Augmented reality - Acoustics education - Learning interest - Learning
attitude + Cognitive perception

1 Introduction

Acoustics, a field that studies the properties and behavior of sound waves, has numer-
ous practical applications in our daily lives, such as the echoes that oceur between the
valleys and the Doppler effect observed between vehicles and people (Fahy, 2001). In
education domain, it is essential for students to undersiand the fundamental concepis
and underlying principles of acoustics to comprehend various phenomena, including
the generation and propagation of sound and the Doppler effect (Cai et al., 2022; Doll
et al., 2009). Traditional teaching tools, such as blackboards, slides, and videos, have
been employed to establish a connection between theory and reality when teaching

Extended author information available on the last page of the article
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Fig. 1 The DuopplerAR application (exploration modules): Module J. Generation and propagation of
sound. Madule 2. Forms of sound propagation. Maodule 3. Doppler effect exploration. Module 4. The
applicational examples of the Doppler effect

sound might be generated. (2) Forms of sound propagation, which impart the basic
theory that sound propagates in the form of waves. (3) Doppler effect exploration,
which provides students the AR markers to explore the principle of the Doppler effect,
and (4} The applicational examples of the Doppler effect, which makes a conclusion
on the knowledge of the Doppler effect and gives some applicational examples of
the Doppler effect in our life. Modules 1 and 4 were mainly designed with words,
pictures, and audio to introduce the basic acoustic knowledge related Doppler effect,
while modules 2 and 3 provide some hands-on explorations with AR markers. Spe-
cifically, in the exploration session of module 2 (see the right part of Fig. 1- module
2}, students can scan some AR markers (e.g., car, train) and interact with the two top
right buttons to play and pause the sound of the horn. The corresponding sound wave
will be real-time visualized.

In module 3 (see Fig. [, module 3), we set up two types of AR markers: vehicles
and kid. Regarding the vehicle, a 3D cartoon-style model of a car and a train were
provided so that students could experience the Doppler effects in diverse settings.
Figure 1- a represents the situation when the sound source (car) and observer (kid)
stay relatively static, Fig. 1-b represents the situation when relative movement occurs
between the observer (kid) and the source (car), and Fig. 1-c simulates the situation
that when vehicle change to a train. Students can freely manipulate the top left but-
tons to adjust the speed of the sound source (vehicles) and observer (kid), as well as
change the vehicles. Moreover, the top right button allows students to reset the posi-
tion of both source and observer to their original status. With the DopplerAR, stu-
dents can autonomously conduct the experiment by setting up the position, direction,
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Research on the Impact of Collaborative Argumentation Scafiolding Based on
Multimodal Large Language Modals on Knowledge Building

FHU ke, WU Yaxin', XIA Jingyi®
{1.Faeulty of Eduestion, Henan Normal University, Nimdang Henan 453007;
2 Henan Provineial Collshorative Innovation Center for Inelligent Eduestion, Henan Mormal University,
Xinxiang Henan 453007

[Abatract] In the digital kaming conext pursiing knowlsdge huikling, ireditional seaffolding feees
challenges sueh s stuetural rigidity, homogeneity of form, and unidirectional imersction. As general
antificial inelligenee evolves from unimodal to mulimoedal spprosches, inelligen scalfolding (sciliwes the
in—deh development of knowledge luilding through intel ligent sdaptive fesdheck, e ros—modal processing,
multi—agent intersction and other mniliary collshorative demonstrations. This sudy integrates the SMLRL
ol lahorative argumentation model, relving on multimodal large language model technology, 10 constniet a
ol lahaorative argumentation seaffokling based on multimodal large language models. A fesching expe riment
invalving 68 college Audens was conductel. Rassd on lamers* generative intersction data, methods such
&= wontent analysis, multi-level logistic regression, and path analysic were sed 1o verify the effectivenss of
the scaffokling from the perspective of dage development. Hemlt indicste that the collshorative
argumentation sealfolding hased on mulimodal large langusge models has triggered the richest collahorative
argumentation discourse ranzfer hehaviors and higher—order knowledge building viewpoimz, The summary
of sublimates discourse transfer hehaviors is elmely relaed o key viewpoims, which ges ax the
dominani {ecior Geililating the trasition of knowledge builling from lower levels o higher levels. Finally,
hased an the ressarch findings, sirategic recommendations are proposed from thres speds multimods]
open sydems, difle rentiated suppor sirastegies, and synergistic coevistenes mechanism.

[Keywords] Multimeods] Large Langusge Moxdels; Knowlsdge Building: Collshorstive Argumentstion
Seaffakling; SMCK] Maodel; Human—Machine Collshorative Leaming
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mecessarily lead to this reslt. Furtheemons | shartng from the moe—irstrumentsl valoe snd irfmite neture of edocation itself, three
value ctomdords have heen inmerotively formmlated for the ™ educoted person” oo the ideal resnlt of education first, an sronomons
Learping attitode svizeted tewards the imtdrsie walse of things rather thae practicl purpeses; second, the discommmaget aed ueder-
ing. Therefore, Foters helioves that starting froms the ideal of cuitivating o ™ edieated person” in infinite developescet | all adico-
danel aetivides sheald encoarage people to igmere the wchanging view of the mewledge sTatem wnd willingly secept varioms levels
of derstanding hald by people. Whiether or mot cee possesses such & soond understending & not anly & criterion for distinguishieg
whether & persom i "educsted” | bot also detemmings o pemsor’s geneval beliels | afitodes, and reactions towards the wrdversal con-
ditices of humean life. Only in this way car education tremscend narroee paliticel ard econcedc tool pesitions, cimirate the oreganes
ard prejodice broaght by pre—meders mechanized training and degreatic indoctringtion | and the resultieg social divisions.
Key words: Richard 5 Potors; adorated mon; froe men; per—incrroments] alne; likare] edieation
Potental Challenges and Relief Strategies of ChatGPT in Transforming the Homan - computer Symibdotic
Educational Ecosystem——EBased on Habermas's Theory of Communicative Action
{By ZHU K=, ZHANC Jin, FHANC Binho)
Abstract; ChatCPT ic pioncering new Seeticrs i humen—eorguter interaction and triggering sigrificant troncfermations in
thi banen—eamputer collaborativg educatiznal eroayatens. Basod or Habermed's thesry of cormmanicative peSion, thiz paper criticel-
Ir arglyres the lingmiste characteristics of ThatFT, clarifies the ™ quasi—humar comprehension” led hengath the langoege
mepresentaticn of imellipent teckmolagy | and uses this a5 a focal peint to project the potential challenges and relief stratagies of Chat-
LFT ie trancfeomeing the bamon—corputer symbictic educations! eoeavstern. Under these potential challomges | the ™ parallel symbic-
sin” medel of ChatlCPTs mancfommation of the ediocations] eesovstem i revealed. That is, educational agemts, baged cm whether
they are wware of the identity of their compmurization partners, darive & dasl-track path that corforms to instusseetal action and
commuricative action, nd vses “humar erepathy” to empower “mackire omderstanding” a5 & pivet to unblock the charme! from
imstenerra] petion to commmeieative action. Meawnehile | inctraments] setion may suceescively trigger erises soch ao ™ ieolotion”
“aligngtisn” | "valoe distertion” | “rmomal weakseing” | and oven "opstesse imbalanse” m&mmmmﬂmmm&ﬂ
lemges mawd to be addressed through strategies soch as meeting the ideal conditions for human—copater symbicte commurication,
comstmactieg o multimeedo] cpar sTotem, Mmpovating the educotional evaluation cyoters, ond imprering teckedeo] ethieal mormes.
Key words: CheCFT; sdocstions] ecolegy; mstnmants] action; compamicative action; huoman—comguiter symbicais
The Impact of Environmental Judicial System Beform on Green Innovation in Enterprises . Substantive
Innovation or Greenwashing? ——Ewvidence from Public Interest Litigaton Pilots
{ By LI Shenglan, TONGC B, CAT Coowes)
Abstract: How the refurm of the exvivorneantal judieisl system offerts the green inmovation behavier of enberprises is of
great sigefficance for explerieg wnd practicieg Ching's green develepenart path. This paper constnacts an evolubionory game pede] of
the three parties of " local procurstarates-local goverrmentc—erterpmices” |, and tkes the eevirormentol pablic interet lidgation pal-
oy ai the resqarch entry poiet, edopts the DIDF model for enpdrieal tasties, explores the strategic chodcs amd evolotiomary path of
ngaumhjaﬂshﬂﬁreuﬂnﬂrﬁnmmnihmnwmmbehmmm and aralyzes the policy's
h and irplomcntation efect. The results chew that, firt, the environmental puhliz interect Iitigation pdlot effectively pro-
Eaobes anteTrines fo carry cuf subctantive grese irmaratize, which & reflected in the imprevemsent of the (uality of greon ineewatisn
ard the redaction of grecmeaching bahavior. Second | i tems of the mechardens of acticn, the enviromental poblic rferest Iitiga-
ton pilat ewiely prometes the grees mpovation of enterpeices by strengthering regiceal eevivonmental supervizior, cxhieg govern-
et —entarprice collucicr ard improving the regionel rule of low environment Third, the pilet policr mainly premetes the substan-
Hve green immematicn activities of stste—owned enterprices, enterprizes in regions with high public erwirommerto] ettention, wnd en-
to promsete the green trarcfremeation of enterprises.
Hey words - aowireneental justics syster; exmircessertal public infevest litization; greem mnovafion; greemwashing; the
grean wunafermction of enterprizes
Local Governments” Adjostment on Investment Preferences and Enterprize Productivity - Empirical Evi-
dence from the Work Beports of Prefectural-level Municipal Governrments
{ By LIU Zhiming, YANC Thijians)
Abstract; The dahate hotwoen ™ eorsumpdon—drives growth” and ™ imvestment—driven growth” has boer o hat issoe in the
current coontmdes copmandty, This paper pcearres the Investeace: pecforences of local goremments by the disparity between the in-
veshmant growth target amd the consumption growth target at the prefectaral level. Taldng the reform of locel oficials’ performance
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The Five-fold Logic of Digital Intellipence Technoloey Empowering the Comstroction of Education Power
ZHU Ke TWANG Jian-Afing

(College gf Educarion, Herm Novma! Universips Xbodang, Heugw, Ching 433007}

Abstract: The new round of sciemtific technological revohrion and indusirial revchrion are accelersting. and digital
imtallipence technology, as the key engine of this revohition, is changing the social operation mods, econamic development
mnda, and infernational competition pattsrm &t an unprecedented speed. The constuction of education power is the great plan
of the coumiry, and explaining the logical way to the construction of education power empowered by intellizence technoloay
iz urgent and neceszary for the construction of education power in our couniry. Based on this, the paper anahvzed the intermal
logic of the comstroction of education power empowered by intellisence technology from the perspectives of historical kosic,
theoretical logic, realistic bogic, development logic, and pracucal logic. That was, scientific and technolomical iterstion was
the fundamental drivine force for the tansfer of world education cemters; digital intellizence technolory was a new quakity
praductive force for the development and transformation of education; digital intellizence technology was the core intermal
driving force for consolidating the foundstion of education power; dizital intellipence technology was the srateEic support
for openins up new track in educational development; digital intellizencs technology was the key commecting force for the
coordinated development of the “wwinin™. Throuzh the logical interpretation of five aspects, the important role of dizital
imtellipence technology in the constraction of education power was further clarified, and academic support for enhancing the
new qualiry productivity of education was provided.

Eevwords: digital imtellizence technolosy; education power; disital edocation; new quality productive force; new quality
praductivity of education

Zad B ALE N SMaFETHIAAE AR TaR2ETESeaLEs SEETET (&
5: 2025TEFEM ) . THASFETEFAFFELINAE L LA HNEN STEAM EFTRASRESD
AEET (FE&F 0MEIGLN0EL) . THETFHeHFONFEE e X T TAFE STEAMETEIEN
HESSERSET (H8&F: 2024BTY050 ) FE.

HEFES A, £33, S0 FEFASASTEEY. £V 0, S5 ehukeFqgcom.

EAEERE: M4 STH16E

73



49. EEEMREMNEZMN TS S =R E K SEEM R (CSSCD
b4 B Ad LY Vo34 No.102024

HFRARBHMEFNEEES . RENE
B SEBRB T

 H =W #HeE NnE-
(AEFERSE RESE, TESS 453000

HE: FERISSIEISTHORACENLE THHTFEGESRE. 65, ZELSEFEERA
FERFE, FEISXFERS. FHFESFT. ETHE LSV E. YFA0ELZEATR=. X E
P HErZETEE, FESHIESTIRSHTEES. TTH, IEF2RETHaERL s REs
IEEFTEFEAE, £F, (XL AENE SO FRANRBFSRSGSIEHORNE, FELEIERT
FEESsCEREIERER, ERXTER ot SRt EsrI s £, (IHUTESTATED
FRELiEEdsf, AASETRAE-ENERELEAE, SRRV ESEESaEEEFawP-ESE
IFPEXEFEOLR. IREUTY, FEAFSRIESIHIBARERSFRERNE.

A BERIEST sERh, 088 RRESRD

[(FE4ER]c0057 [TWMERS]1A [RTES]105—5057 (20242 10—0065—10 [DOI] 103965 .issn 1005-5097.2024.10.007

FFULELERT, IERAREEERE/TRLEFAEERN. Ak, BE (JU&£H
BRETR (002 F50) ¢ SHETRERAST AR ETEZRZESES, BENE
EHLERNEE, EENZEFIaRRIEFTEENRE. AT, BERZEEIRRE
FERETNILTEERNE, ERERCETLITEARESRF. EZEREE. ETEE
EWFaE. SREREEZETENE En=EE. dEEaisEHE ARSHEZESRS
MEBRETHERC. ETH, FHREAMEARERNSESHIESINTAIN, #8
FRELGELCREAVRENSESHZESINE.LES, REIRARERNEEEZESR
HEL FAERZRISRTEINEAE LEAESR IR IERELSRESE.

— WRiEA

1 BEEEHYS

EFNFEZIEFTIERRESRE. 28, T SEFRESSL. £REN—
MRERT. KR AAHNEEHTINIERE, TRElaAeSsmRlzEES. 85
HITXEZE. BN BezESIS M AEEN. EESH=ESIERNEST. ©F

FATEETUTERSEEREBRE.: DIEHEEEN “BiF-dE-#Fi" 48R EE.
Fin, EEESIHETL “FE5F (Concept Group) —@&E#E (Problem Cham) —E#RE
{Objective Layer) —&E&#8 (Task Cluster) —iEE%E (Evidence Set) " AR LHEEREZES
3 C-POTE #E; F=EENTTERTERY. EFNE. AR TSESFHETENER
HEESHIESE. QUEREEM “ER-Fir-d8" ARBEEEiTEE. f. #3X
EURS T AEfE CRE. BERFHEITTE. FERAEEERENEI ERERF R
EBEFfTEZITITTRES; BEERNETITEaNEE. ENE. | aEENEFEHT
&5

73



Vol 34 Mo, 10 024 \l | hd \Y

g {#%3 CPCD-5 (Concept, Principle, Cognition, Design-Stratepy) BE. FREH, BETEE
FEERE, ERETHEEcTEETER SRS R8s, AEFRBERTiTEs
Ef LOEHRaRERNEERZEET 8.

FL B ESIREe RS ENNETEESSE. EEFERa. EFE
RFELUTAZ: CERZHAAES, DAEMEFASE. I EEARERERAE: DX
EfNEZESE, MAEZINSRZRT, I AEEERZIAE: @dREE. BENE
£EF. MFIIENNEERSE. S EETRREARE.

2 SiREH

HREREZINFEEAARESR, #E CCL (ERHZERE. CEFRABEEDR
EHMHEESR. AENMSEREESTERAEE, BrTEEFANHE. EHZaE.
LREZAESsE: OEFER: UEREEsihEEE. fli, ERSELARERL
EMEEERENELS FHETESHAREREL. ERE2s"ETHRERS STEM £3
FEREEFA, SHEENELR. aZ€RSEhEgEINEE. OFnIEE, BEx
EEFHNIMERNE. Fn, Suhl HERNENEEEEARERNEENS. FREHER
IERHSDIREHATENER NORENAENRMFAEREL. @EBEME,
ENEERTENEEENFE. i, =SSVl aaREnidEasEak. 20T
E RETHRASERNERDFENRENEE. §5, Gunawardens FRLESFER
E B RSEXIESITEASEERTEATEY, 24FaiRERkTFREERE.

FL, ARENAEFEIEZINEARERT S EsS: DaRENnEnEE=Es
EFUZEFIEERLERMELS FEHTHEARERNRRERAE: DRREREREE
EESESRZESITEE. £0EEs, EETERENSEZIEE; 2HEERN
IEEREEITESHZESIIE/ AT EEMAER. BETERETEEER
AE. F, TFAENETHRSRERAESRZESTEE, FEIiRE SR ERNE.

— EEEREANEEREERIRIAE

MRERSEFHNEREARNE. BAAEHTE. MTLEELERERAN—HEE
TiE. BETEFERRENAENR. AERAEALEEr., TiToiiEnSEERIaESE
HEELER. KM D RENTESERNER ST EEEs HaRERSESHEZEST
FET ATNFESEOTERFEEL, FEFRAANRARE, mEEE T ORSREDRE
ER=EFIEA,

1 MEEiRRm e Y I EESN

EFFLITTEE WOS (& S5CL. SCIE. A&HCD # CNKI #ERFHTEAEEEE.
Ll 5iRER” “HREE "EFHEEE R “BEHEE T £ IR ER, LR “Knowladze
Building” “Interdisciplinary” “Interdisciplinary Thematic Leaming” “STEM Education” “STEAM
Education” S2RENFETRE, EEFENEEEANWNEFTA 0B (BFEIEBEEER
BN E4, SAEEI 63 BNE. BENEFERENT: CEREEREALE 15 E:
B M S | SHEETIE, PEEETEmER 118 8. SEFATHELRRICE 267
B SEARELGETER. BEFATEREEEFErIE 0 E, 523 B EXE-
14}

73



Vol 34 Mo, 1D 2024 \[ | hd LY

[25]Zhang T, Scardamalia M, Lamon M et al. Socie-coenitive dvnamics of knowledge building in the work of 9-and
10-vear-plds[T]. Educational Technology Fesearch and Development, 2007 (2):117-145.

[26]Hwang G J, Shi ¥ B, Clm H C. A concept map approach to developing collaborative mindtools for comtest-aware
ubiguitens learning[T). British Toumal of Educational Technology, 2011,(5):778-T89.

[27]Hatton ¥, Smith D. Reflection in teacher education: Towards definition and implemesntation[]]. Teachins and
Teacher Education, 1995,(1):33-49.

B LT B VSt ai sng sl T namy LSS EST - HAg TR RER
(LT & T S = 2010,(16):171-175.

[29]0ECD 2003. The PISA 2003 azzeszment framework-mathematics, reading, science and problem solving kmowledee
amd skills[OL].

<https:/www.cecd-ilibrary.org/aducationtha-pisa-2003 -assessment-framework 9785264101735 -an>
FlEET &liE =g & s TTHATHES A\ FES ST AR #A | af EEAI.AERsEx
#2023 (12):14-25.

Interdizciplinary Thematic Learning for Knowledge Building: Alodel Construction and Practical Rezearch
ZHU Ee WU Ya-Xin HU Jin-Yan HANG Lin-Yi

(Facwlty ¢f Education, Henan Normal Universiy, Xinciang, Henan, Ching 453000}

Abstract: As an important way to ooltivate core literacy, interdisciplinary thematic leaming has attracted attention in
the field of educational rezearch. However, its related teaching practice is stll in the exploratory stage, with problems
such az emphazizing kmowledze owver literacy, emphasizing teaching over leaming and emphaszizing preset owver
generation. Enowladze building provides a new idea for the development of interdizciplinary subject leaming by wirtue
of itz characteristics of high order of poal, construction initiatve and process generation. Based on this, the paper firsily
reviewed the cument research statns of kmowledze building and interdizciplinary thematic leaming. Then the paper
adapted the srounded theory method to explore the core elements of knowledse building and interdisciplinary thematic
learning, and combined the backward desizgn teaching concept with the doal cycle framework of knowledze boilding to
construct an imterdizciplinary thematic leaming model oriented towards knowdedze building. Finslly, taking the
mformation technolegy cwrricaham of a primary school in A city, Henan province as an example, this paper conducted a
gquazi experimental smdy using the modsl and verified itz affectivensss. The results showed that the modsl conld
effectively promote the development of stadents" higher-order thinking ability and collasborstive interaction behaviors.
Through research, thiz paper aimed to provide theoretical references and practical sopport for the development of
mterdizciplinary thematic leaming.

Keywords: interdizciplinary thematic learning; kmowledee building; core literacy; hisher-arder thinking ability
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"Possibility” and "Feasibility”: Theoretical Perspective and Proper Direction of the Production of
Educational Space in the Age of Intellizence
Lin Haivang

School of Edueation, Central Ghina Mormal Uiniversity, Wuhan 430079, Hubei

Abstract: In the aze of imellizenre the transformation of aducztional space iz an impartant part of the dizital trapsformation of eduction,
and it is also a topic of the age that cammet be iznored in edorational ressarch. The theorstical disoossion of the “possihle" and “fEasihility™ of
educational space is pot only an anelyziz of the possibility and finction of edocation, bt 2lse 2 respense to the azz. Based oo the femework of
Tha Production of Space Theory, the dizitl tensformation of edocation presems the senemtion of dizital space and the desradetion of reality
space, the shaking of treditional ruls and the fapmentation of technalogical Ingic, the chenge of dependency relationship and the fomation
aof digital dependenre In the fitmre, the disial teesformation of education needs to purmue the imtegrity of educztional values in differentized
spatial forms, explors the adaptability of edncation machamisms under the dynamic spatial order, and pay attention to the femibility of education
methnds in decentralized spatial relaripnships. Based on multi-space construction 2nd cross-space collzborative education, sducation reform will
reflect the “feasibility™ to serve socizl development and to respond to national strategies, ad help mankind move towerds digital sunivel
Eevwords: adorztional space; the age of intellizence; dizita] transformation of sducation; digital technolosy;, the Production of Space Theory
B adm B 2E
EIER: =ETR

(EEWE1T)

New (Quality Productive Forces Empowering the Construction of 2 Powerful Country in Education:
Underlying Logic and Development Direction
Zhn Ee, Wang Jianming, %o Yaxin, Li Ruoili
Deparrrent of Boucation, Henan Nomal University, Xinxiang 453007, Henan

Abstract: Productvity iz the fimdamental force fior the progress of lumar civilization, and every leap in productivity not anby drives social
development ut also promaotes educatione] refom and innovation. In the e of digital intellizence, new quality prodoctive forces & reshaping
the education ecosystem with the characteristics of hish technolegy, hih efficiency, and high quality, forming 2 moally reinforcine
relationship with 2 powerfil country in edocation. The tran=formatinn fram “a big courtry in education”™ to "2 powerfil couniry in edocation ™
iz 2 complex and systematic process Bazed on the complexity soence of “nynergetics” and “dzzipative stnociure theeey™, this article explains
the undertying logic of empowering the constroction of an educztion powerhonse with new quality productve farces from thres levals:
edurational alements, aducatineal structore, and edocational ecology. The new quality productive forces catalvzes the coordinated ntezration
af internal and exterea] plements in the aduretion system; Mew quelity productive forces promates the education smochure to move fom chaos
to order; Wew quality productive forces activetes the emerzence of imovative education scolagy. On this baziz, the development direction
af empraenng the construction of a powerfil country in edocation with new quelity productive forces is proposed from six dimensions of
“faimass, quelity, effcency, inchiivensss, sreen, and sustainability”, ncluding bridging the gap in edecation develoment and promoting
equity throushout the entire eduration process; Stimulating the vitality of edocational innovetion and coltiveting kigh-quality development
af edocation; Enharce total facior productivity and salidify the foundation of buildies 2 powerfol counry in education; Leading the wave of
lifelongz leaming and assisting in the comstruction of a leaming orisnted coumiry; Enhance anarenss: of zreen sducation and oiltvate new
quality talents fior buildins a strong country;, Promots the reshapins of sducational ecelogy and drive soszinable development of edocztion
Eevwords: new quality prodoctive forces; a prwerful country in edocation; oomplexity scemce; a leamins oriented couniry; total factor
Froductiviy
HERE: 22d=gRaE
EZER: =ETR

4 59

E B hitpsdiwww.enkinet

73



51. FIREMHXERARBIN R GEERGESH (CSSCD

5t

e ] B

ReSETWR

MO 3R T 1 ek mer 2024 100008

EEXEESEE T

AR EX IR AN i B S S B K 1 £ 5By

£ FH, E#HE, SFE

(AWWELTE BWFY, AW s 453007)

(8] SR O S 0 T 0 O P, B P A e R L
0 B I PR M B T A R A R AR R i e R, M
B | R T R 0 R K B M AR T SR L85 B A T A D S TR B e
g 10 B A AT B L LG R YA, R SRR £l M, LA A
SEFAL A, WEECRR i A TR A LA T st P B A S R R
A, SRR I I A 0 P o N R o AT TR A P R S IO A S S R, T
R R T R ) S R e L R

[FEE ) i R PRl e SR A B

[T G4 [ERE=R] A

[T SEeax ), 0 SR ALA. B, ML, BT R L . il ok g om.

—.3 &'

FEHE AL T Sl M e iy
AT A T S, B TR
BRI N, PR BT R
A 452 B 0 0 o e PR M s A
B P B F R S i R R
BT P bR LT . e, e Bl
LR URE g SR T S R R T S
BRI RO T AL R AR
A R T O B I T e
FRH R ol T B, A S O e L
i me™, B AR WM e B IR W, En T
o e P R R S b M SR Y o I A B
0 e 0, T A

A 2 i B LR T L
0L Y e R e 3
YiEAT. P, MR R Y R R R 0

TR R P S T e, DR R
WA, B v, Fa - SR e R
BT il R 3 e AE LR B T
FHAEAEN, IR PO T A I
R A R, T R M R i =l
A A AR, 0T A S i 28 A
R ST A R R R L
S ICRRIGUA B MR TR W S o
FAEERT RO e P, R A R A
N o R A 2, B bR
HAREE R OO R G OC R A TR R S S,
i b LR R e A S
g 5L
(—IEEFREHFRATHEELD
P B BT MR RRR TS

TETFCEEL 20 2 o0 SEAL, BUBR S P i
WO g ML BN S A S R

G0 [ 2022 S 3o i 7 55 D B A TR S T O A 2IRTSTIINGS ) 20023 SF 3 3 77 5 BT
SR T R TN T DA NS 8 T A ol T R S SR O O L2000 YYED- 1)

hitps:fwww.cnki.net

73



SIS R B,
75 5l b e e ] A S . R e R
oo A, A 2 A B S T S L
BP0 e T e
U Bk O R R G R R A
R, MR E SR T AT o e
T e A A R BT -
S e e A S M T AT 2 AT
HERE AR 1 B M A

SRS A T B Sl A S e TR
CIREE RS TN A, B YR I e
70N R A A A L e e,
R S S AT 8 e g e By
B g AN, R W e e R A B
Lo, MRS REMYS SR RS
M, A AT TR WO B
B T HI LI R IR AL AL AL T B e
Bl R e S o 3 G
e M R L BTN L TH I L AT
FFTACHHT HGA R R A T SRR R R
1A S e R A L RE

(ZiaRftRe THaRREaHE

S PR R SR O A, B
FFRHENEBL 1A o BORIAN, 0k g ORI,
o SR S B e T R ] L
P FE, R TR R, B
FOLLG R T A R R - - ORI R (A geney VI
b SR, AR S @ 1) A e S 4
Bl i, A= A I ] i 0 i
A i Ul SaTh e (S g T .-
WA { Animacy ) B MAN R, BN
T 1 35 AP L Tl O PRI, BT
B N O R R A R A AR
A A

S o LA R e e, W
o A ) T R A A
ANl g IR R e T L
A6 - Sl g LB o ACEN ey e, M A
i S R LT A T SRR L ey
L B R A B e, 0 R
E R IR RN e R T T 3l R
ol L e A A R, T R
THA N 3 B N o 1 ol O e o 9, P
JER SRR S o el i, R - B AR

b B e R bbb Phanenar sl mad

2024 {55 10 W) (L5537 W)

ST O A ) R,
PoTp e o B 1) B (B 2R e
T4 SR L o P MRS G, B L
LR LRSS

(ZauRgHERELaARNATEES

FrHciA S A T R Y Ry, ey
VTR 0 BRI E . SRR Y P A
AT T St A R R A S oy S R
TN T, I I - o B e B A SR T AR
T AE B £ 7 b AR TR Y SR g ey T E,
fme o AL T 95 2 2 S0 b, S BLIMARAE TH T
SRR M A T, WL T L e
(8 g 8 O A, O, A R
R oo i 2 L A O A S e T,

S g 5 O At R, T A o
LR e BrE WNE LR Rk it b
HEHERE. (1 )RR B A A £ 0
e SRR LA el o U S
S A O B A S O, A A
A A, i e (P e 4T A ] A R
A, R I A P AL
AR e R L (2) MR R iR
F00H M IR R A R A
f e E A T S
P B L A A el IR g
SRR P T R () R O B
AR R A PR S R
o B T R O B IR
S R AR S R S R
oo T o e e 5 o T b L
R R

=, A8 R A B
RglRga

P EE R R R S B L
BT B AR R L R AT TR L
R, FEECE AR A B . ST
SEIR 8% (Susceptible Fxposed Infections Becoversd
Moadel ) 5 off Y MO OG A SR BEAE SN ORERERN IR
£, HRE S0 IR 15 o I, Sl B, B PER
AR A R A

(— Vi Ed E iR S Rn

AR Iy 5k e A e Y T i
B 8 3 8 i A A DA o BT, i R

73



BTN

[18] LYNCH A Units, events and dynamics in e cvobation [J] Joumal of memctics —eeluionary madeds of inbmation
brssmission , 1098, 2( 1) .54,

[19] BEREITER €. Fducation sl mind in the keowlalge age [M] Mahwah, New Jesey: 1 Folbaum Associates, Publish
20056875,

[20] Y, B2 . JERE Rk I ML P T O B A N R 0 ) A TR, 2002, 43012) . TR-RS.

[20] TR, R . KT 0 S R T R P Y 0 OS] T Ak, 22D A0 1) 103

[22] B A ik N BN T R B SRR, D24 4) 4048,

(23] S5 V0, AR EF. AR 5 b L AT R —— N B B R, 202 45(9) 5158,

[24] F 208 R0 N AP PR A R R ] S TR O AT ) 02T 59 5) . TES-T30

[25] #E0 T, R DEWE , 805 B, . A L R L i S LA A - o R S B RLT] TR R, 20002, DR (6) 5259,

[26] REITER -PALMON It, JIERMAN A E, YAMMARING F L Creativity and cogpitive proceises: muhi Jevel Enkiges between
indiviclusl son tesm cognition]J]. Bescarch in multi-keved s, 2005, 7(7) 205267,

[27] % S5-JRHE. DR M) DT, RXEEE, W0, R SRR R, 00T 32T,

[28] S8, T REEN AR BN, ki LTS A T O B 5 T - e L SRR (). T Ak 2002 40020 . 2434

[29] DOISE W, MUGNY ©. The cogerative game: and the condisation of intcrdependent setions [J]. The social develogmment of the
mtedlesct, 1984, 132013355,

[30] DECIURCH L A, MESMER -MAGNUS | R. The cugnitive: underpinnings of cllective teammwork ; o nects—analysis [J] Joumnal of
applica] ppehology ,2010,9501) - 3253,

(U] 35 RLOT SR, TR AR T N i e R R g M NI ) oAk TR, 2004, 4504) :52-58.

System Modeling and Simulation Analysis of Group Cognition Emergence in
Knowledge Building Community

ZHU Ke, WU Yaxin, GAD Qinghan
(Faculty of Educatsmn, Henan Bormal University, Xinsiang, Henan 453007)

|Abstract] The knowledge building community appeals 10 the collective cognitive responsibiliy of
ageney and the objective knowledge evolution of viality, which aligns with the inter—subpective constnsction
ol group cognition and a series of paths cf ized by varability and emergence. In onder i deduce the

ol growp cognition emergence i knowledpe building communities, this sudy rmeeed back the
perspectives of complex systems science and the metaphor of knowledge creation, and theoretically clanfied
the connotation amd relaionship between knowledge building amd growp cognition. Based on the SEIR
motdel amd Fromm™s Emergent Hiwrarchy Analysis, a quanttsive analysss model of group cogmon
emergence in knowledge hailding o il wais blished. With empirical data as support, compuler
modeling and simulation methods were employed 1o e the evolul ¥ trends of group cognitive
sy=tem in knowledge buibding communities. It is fouml that knowledpge evoluton plays o bottom—up dniving

rale in the emergence of group cognition, while the emergence of group cognition, in wm, exeds a op-
down miluence on knowledge evolution, with knowledge building commanitses providing the necessory
domains for the emergence of group cognition. To achieve elwsent group cognition and  knowledge
innovatum in complex educatonal contexts, aiention should be pad 0 unveiling knowledge solidilicion,
stimulating, cognitive genertion, and reshaping learning spaces.

|Keywords| Knowledge Buibfing Community; Obpective Knowledees Groop Cogniton;  Emergenace;
Nonlinear Dymamscal System
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Research on the Characteristics of Knowledge Building in Collaborative Creation under the Dual
Perspective of “Behavior and Cognition” ; Based on the Method of Process Mining and Cognitive Networks
Liu Wingchus, Yosn Shies, Xo Guasgru & Fhaa Siyu
{Callege of Fduestion, Fhejiany Unisersity of Torhnokogy, Tlungihes Fhejisng 350012)

[ Abstract ] Collaborsti it s an oot forrs of collabortive beaning, & of gros sigeificinee i cltvting ;

haghier—oeder trinking and cognative: shilites. The loge sl of pnrying datn produced by collabsmtve THE T
prncrzss al | " brmwhalps drurctnon, el there caplove: the cluisdendies of kansrs " phoead kooshedae constnedion. From the
sl prerspertive of ~bohaver aud cognetion”, ithis stoedy sl proces mming, amd oot dwork armilbysis metheds 1o devply cxplo:
the: i sl o | i diffe siages s levels in the eollsborstive: ccuion proces, anelyec ibe implicii bohaior and
cogmition of ke, s revenl theie kwledge: buddng dammbensties. The nsalis showed that:{1) Feom the: behaviors! pespestive,
sowcial sl sharing befesviars o the core activites in keowbodge building, The deec il ol kinvwhedye: comsinictom of high—gmoup
fellliws the: law of “sharing—eosnllict-oepetinle oo, while the coplostion amed tiatsm belusviors i low—group’s dislogos
wdtﬂ'nﬂ.mwIht|rﬁ:—-hr-r!--rldh-ti1nhth:hd:r!.m:}-.1rmmwhhr::ml]id.lh:hliupwpﬂmrhkzlrh
assimilade precr perspectives, while the los—group ods o osdoem o peer views (2) From the cognilive pespective, with the doepen-
ing of koowlerdge building, bigher-sedes thinking and woderstasding an: gradoally bhighlpdiel, eed the oggnitive stetum: s divesi-
Focad erwics M. Phomcves, thee  “mnalysis—ichevine: strochine” b always icmesod e basic jpath. The il -—stage @ & sl i the
eogmbive: devebagunent of high Mh-w&ﬂmﬁ*thmﬁﬁrh%&umf“mﬂd
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e e el P P g ey o g
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Model Construction and Practical Research on Online Learning Empowered by Emotional Clues of
Educational Agents
P K, Blian Mingghyins ™o et & Wisnge D
{1 Faculty of Edweation, Henus Momsl Usnivesity, Xinosog Do 453007 ;
T Sehonl of Edueational Seinor, Phengehon Nomal College, Mengehon e £50044 )
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e ieal tradomution of oducaibon, s digitd leaming methods soch o anlioe eaming asd bended aching will Beeome da:
sk ol ¥ I"hﬂ-Mtlm:qw—gdmhmﬁﬁdﬂmﬁuhhd}uhﬁu
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in onlie by envisment o meed @l eaching objoctives, amd con provide: cognitive ol s supprd Tor )
However, thens b o oo oo the ol of cotioml o ol cducatione] agens on the wholbe prooess of online: leaming. Thene
fiomz, e sty systematically amilyoes 42 nchevant copines] stodies af bome: el shosed sice 2003 fom fve preopoctive: sobstion,
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Ensotimal clues of educstional sgenits help eames emembser more o, thus mmprovng eir koosledge eieation: ped, (]
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|Abstract] In the: process of digatal tmnsformation of ediscaton, the sabgect of edocatuon bees the nsk
al mi:m'nﬂ ﬂl]!jﬂ!li!ilj’ under the collison with diﬁil:ll tu:hmhm. ﬂa.rl.l'nﬂ Irom the phihmlpl'lina]
explortion of the concepl of subpectivity, this paper deconsinects the implicn and explion phenomena of
the bk of subpctivity of wschers amd studenis and wechnobgieal alienaton. The lsck of subjectivity of
teachers aml stodents occurs sublly in wsching actvites, which = imphicit and dillieah o detecr. The
technological  aliemation = explhici, and 5 exposed w0 the observers view sl of the lack of
subjectivity. Based on the theory off perspectivism, this paper examimes the iechnological alienaon from
the inple perspective and the two —two  relationship of "people®, "ethecation” amd "echnobgy®, and
construets Lhe analysis famework of the "innity” alienation relasnshipe. The cases ol alienatwn ane
traced back o the metaphysical mots of monsm amd dualism, and e modes of exsience of "organsm—
envimnment” aml "subject —obpecl depembence aml antgonism®” are evolved  respecuvely through chan
logae, and then the atnbutsn entities of echnological intentonaliy amd improper wse of echnobegy ane
denved. This paper makes an im—depth analysis of the phenomena and cagses of the Lk ol subjectvry,
amd puts fewand  the restomdion siategses ol actively  llwing the  inentonality  logiec of  digal
technology, repainng the lack of subpecuvity of eachers and sisdents throsgh devebgament prsctices, and
transeending the onginal mob: of constmction w relem w the aibgectivity of leachers and stisbents, sooas
1o build a solud ombation of weacher—siudent subgectivity i the diggal ! aon ool el
[Keywords] Digial Trondormation of FEducation;  Sobjectivity;  Alienation; Digital  Technology;
Technological Intentionalivy

(L% 51 ®)
[Abstract] As digital furmation pn the transition from the finst generation o the seeomd
generation of instructional design, it als the: alienation pi such us the simplification of the
instruetional 1||5sig|1. rodess, the [mlﬂ*-!- lissstion of the st 1 1 dr_-uim sirm:hure, and the deviation of

the instructional design from learmers” persnalized  learning, needs. Hamot Bosa's theory of nesonance
wlvocales the reconstmection of the resonance between human ]:mirlﬁn and the world 10 resolve Uhe
alienation relationship caused by homan beings:” desine 10 contml the world, which prvides the undedying
support. for instructional desgn 18 relwm o e metephors, sech s agency, colime amd conlesd
Re=onunaee —m:ﬁinﬁ meslriscisnal 1||:|ig|1. mders e the s al rn“mrl'nn Lha: ool ol -1|l.-_l.ﬂl'lil1.‘
teaching lor resonance”, reorganming the et around the ineraction between the learmers ol the leaching
contenl, and designing vanows teaching elements o foem a predetermined weaching plan. Thes papeer
explore= the wlea, pnnciples, chements, and  ogerational  stnsctore of  metrctional design that seeks
resonance, and propeses that the operational principles ol instrsctional design that seeks eonanee are as
Tollows: the sequisiion of leamers” poor experences bised on “heman —computer collaborbon”, the:
comprehensive sk design based on learmers” past expenence, the oematin of copnilive sialegges 1o
stimulate reomance, the construction of wechnology —sopporied  open envirnments, the mpection of
resonance inko wesching activities, and the construction ol a leedback sytem 1o promse resonamece.

|Keywords| Theory of Resomance; Instructomal Desgn; Thgital Transformasn of  Fdoueaiung
Informatization; Uniderlying Logic
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[Abstract] Viluc—sdded evalation wekes inbs seeount bath the puesuit of quelity and cqusty , confoms b the value implication

af exducstional evabustion refrm in the new con, sod b iy I | signifi Tur edicstioal cval The key o the sue-
crzesful implementation of velue—sddod eveluaion lies in the sclection asd applicstion of vabos —added mmdel. The analyses. of typics]
mudels st Do o] sl peovides: el l o thee gl jon o walue—added evalution. Fiealy g o ihe: dle-
welopoent content of value—aldod eval amll the develog Teved of statistical tex-hrdogy , the develog o walue—saddind ooesd-
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memsusement, il is divided mio coms section. mesaroment. model sod Tongiooedinal masdel. 5 fly, it introd en
elussar: vabue—sddod mbels from fve sspects data souree, shadent group, missing dats | ingg, prastieal appds arwd el
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af the antermutsal velie—added cvaluion mode] fum ree cpectscvaluaton prooess amed eash applecaon. Finally, fom the four as-
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s of educstional meta —universe, constnecting the evidenes —hisod evidener chain semss the band, developing compichensive
value—abded cvaluntion and ealiiog | valur—adibed cvaluation, i snder to provide ih sl el fue the: el
tatien of value—sdded evaluation
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Integration Logic and Model Construction of "Arificial Intelligence + Education” from
the Perspective of Technology Ecological Niche

FHU Ke, FHANG Binho, SONG Ye
(Department of Fducation, Henan Mormal University, Xinviang Henan 453007)

|Abstract] The intepration amd innovation of arificial melhgence (Al and education has had a
revolutionary impacd on the fenstive opgrading of the sdoaton eoosystem. In onder 10 explome the
operating mechanism of the deep megraton of Al and education, this paper uses theoretical analyses w
reveal the technology competition hanism from the perspective ol echnology
ecobigical miche, and constirects an ecosystem model of "Al + education®. The maode]l consasts of micm,
meso and macr lewels, which lys the phibosophical foundation of the micrmo level with the discovery o

competitive indention as Lhe supporl, summarmes the operation rubes of the meso level by revealing the

.l'l .1__|=|-|'|'| I lﬂ

evolutionary mechanism o= the core, and 15 the sy T ion of the macm level with
the aim ol achieving deep miegration. I acivales the potental of wechnology amd motvates educational
subjects rom wo di 1 ol collak e compelitin  between  technology  amd  wechnology  and

technology and educational subjects, amnd sctively grosps the development trend o Al reshaping the
education ecosystem. The model tnies o clanfly the competition mechanizm aml clanfy the evolutionary
rE]:li.it:I'nl'lip in lerms of theoretical drle'l: il ean mun t]'lrnugh the whole s ol Dﬂfllpdl.l‘..bm'l aml create a
cireular ecology o bermes of tme span; in terms of scope amd breadih, i can coondinale competition and
mtegration, covernng Al and edocation subjects, which has cerain implication for the theoretical and
prictivcal development of Al edeation.

[Keywords] Technological Ecologieal Niche; Fducatson Eoosystem; Arilicial Inelligence; Eoologieal
Miche; Compelitnn
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56. Understanding effects of engaging online learning environments on
students' cognitive engagement and well-being: The role of academic

self-concept and flow (SSCI)
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Understanding effects of
engaging online learning
environments on students’
cognitive engagement and
well-being: the role of academic
self-concept and flow

Yafei ShiY, Mengjin Chen', Yantao Wei*™. Junli Shen',
Mingyue Wu' and Ke Zhu?

Fapriaty 0 il a0es, #herge: Shpe i Lispetity, Mirmangy Fhpspa, £rin ._*.-......,_o....u...u...
et Caster b 17 allgar] Educilins, He --HM.'F—\- Ubrapridly, Srm
"Faculty of drilcisl Inielgence in Edscation, Cenirel Ching o Hl.l'nrur i han, Fubel, China

Engaging online leaming enmwaniments [EOLE] & one of the mast critical drivers
of students” engagement in online leaming. However, discussons about how
w10 what gatent EOLE alfects flusenty srgaqerment an under-sesean Fud
Therefore, it is necesay to saplore the etfect of EOLE on studenis’ cognitive
engagement |n this shudy, 368 graduate students evvolld in orline ¢ ourses wene
surveyed. The partial least square sbruchural equation modeling was employed 1o
explon the relstiorsieps smong BOLE academac sif-comoept, fiow, cognitive
engagement ard well-being. Resulls showed that EOLE had posithve effects
on academnic seif-ooncept. flow, desp and shallow cognitive engagement. and
will-baing. In addilion, academic sl -concept mediated the sflect of EQLE on
well-being, but its mediating role betwesn E3LE and both desp and shalloe
Eaprlive engagement wal rot obderved, Flow mediabed the eflect of BDLE on
both deap and shallow cogrithes: engagement, but /s mediating role between
EQLE and well-beimg vens rot significers, Furthemnom, the efects of EOLE on
both deep and shallow cogrilive engagement ‘wene sequentially mediated thwough
scademic self-conoept and fiow. Howeser, the sequentisl mediating effects of
B B PR BT £ 00 P A Mltva i) 1 8 L e it en ECLE 2l wasll - bisirs
were also not significant. This study suggests that practbioners and educaiors
shauld deign elfective anlire learming & rriraementy 1 imprave anling laamsreg
engagement and well-bang

ety

ergaging orline learming e an
welf e nempl, A

well=bming, acadersic

1 Introduction

Brvent prars have won increaed avadabdity and adoptam of urlise kearming scrms al
bewedls off education {1 - Illmemlmoﬁmmmhfsmuwwdm In-cll.nlng
Nexibility o lime and place. sccoashiliy s efficiency | Fasg o1 2

Jy i opperunitics for sudents who ml.l.uuﬂ-}-mdlm u—lmd.ua-nhr ]
work, Bimady comemstmienis o otber urpent magen e 1 20 S ot al, A1) Sy
the COVID-19 pandessic, educalon bive incerasingl reoogrized theimpostance of onlise
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Shi i all

learn g For smdems (Aloa o1 el 2025, It provides bearmers with a
continuous, leamer-centered educational environment, and this has
been extemiively adopied by higher education instindions worddwide
(Wang et al, 222), Moreover, recent evidence shows thal online
learning could schicve comparable and better leaming adhievements
compared to traditional in-person laming n higher education
[alariti md Sorg, 224) Therefore, designing engaging online
learning emdronments by ediscaton and pracitivnens is cructal for
Ehwm.mlhzl-—drqlhhlmdlﬂmp.nﬂ:u
insufficient teacher suppart, lack of motivation and engagement,
h.ﬂn!"plydﬂl‘.h.l wdlﬁhﬂnﬂ.mdln:hhidrldﬂllhrn-l
etal, 2000 Chisg et al, 3001 Faldivasaridnd Pesdiia 2001 Fhooand
:::.:Iiflﬂ.wmuhﬂdw:wL
o rvation, and cowrse comgletion in oline leaming envi neuments
mhmﬂmhhklﬂthm]nﬁﬂinlmﬂnpﬁluﬂ g
Wany o al_ H123). Fanthermere, diminishing motivation and elevated
workload in nd.lnrlm'nhg Hﬁn’,l m.nrld-ﬂpmﬂ:y lead to
compromised well-being (Slak and Prcsdey .'I.2=|. I.nming
engagement is a nushidi il concept,
emotional, and ms,d:h'c engagement (Predricis et J|. .kll}.
Cogritive engagement |+ an impostant comsponent of student
engagement, which imvolves high-level knowledge comstroction and
ﬂmmlﬂmh‘ siralegy [Gis e al, D723 Sales- Pkoo
Mg sl et ol 2021 Well-being imolves all the ways people
pasitively experience snd evaluasic thetr Bves( [ 101 1]), A liew studies
have explored the relationship between online learning environments
and copnitive engagement, and well-being. For instance, Lin and
Dhsar” s (2022) research findings have indicated that stodenn’ sl
peet-, and technological facturs in online learning emvirosments can
significantly enhance mdnsdiml decp and shallow cognitive
engagemenl. An empirical shudy shows that, in online leaming
enviromenents, pencetved social support is posatively correlated with
lde satisfaction and postive emotions among Chinese college
students, while negatively correlated with negative emotions (|1
ared Fhang 2027). Although previous studies have shown that the
quality of online learning emvironments postively affects students”
cognitive engagement ane well-being, there is a scarcity of studies

el &l

105550 8 poyg 202 5 16541040

!ﬂ"-ﬁlﬂ tl eapedes et al, 2 I'Il For m'."iu.:'_eri al (N2
have demmonstrated that academic self-concept positively influences
deep larning | nonkne learning environments. Smilady, the research
firdirigs aff Coutts o ol (2020) have revealed that self-concept is
aasoidod with well-being indicatons {lwer depressive symploms and
perceived stresa, and higher satisfaction with [ife). Flow reers to the
paychological expedence of immersion i an activity and a sense of
control over the mn'mnlh! eovimaament [Estebasi-Mills et al,
2004 In online leaming contexts, sudents’ perceptions of kilk and
challenges are important factors in determining their level of flow
(5h i, 2000 ). Speficadly, when the challenge level i equal to or slightly
I*,Itr than pﬂ'ndvnd.ﬂ:ﬂ.l.tﬂmup:n'uu oy oconr {Shin, 204,
Thisindicatesa potential relationship between academic seli-concept
and fBow [l =wnana, 1010} However, research u:#nrh‘ the
relationship between academic self -concept and flow remains in its
hhq.hlmhhnnhmeﬂ.ﬂbmhﬂ:um;
cognitive engagement and well-being (1 and kufier amd Kellec 2012
Moo et al 2024 A high level of comcentration and enjoyment in the
lemrning activity ecvables studemis io crealr @ state of flow
(Col lsmenimihal v, 9%k Fhang e o, 302 :Ll:nuwn*..lmlmhm,
exhibit a low level of cognitive engagement when they expericnce &
lack of interest and enfoyment from the learning activiey {50 heiele
el 2021} Therefore, flow gould promote positive afiect and well-
g {0 et al. 2024, Im addinion, academic seli-concept affects
students” matvation (Ve wul Eang, 2175, which i tam mfluences
Bow (Susparain o al, 202) For instance. ﬂltH‘l-ﬂ' the stsdents”
perceived competence, the more likely they are 1o experience
crpoymet and show cognitive engagement {chaiuler cval, 2121,
Althimigh previous siadses have shown that scademic self-concept and
flow are cructal for shadents” engagemnent amd well-being, the role of
scademnic self-concept and flow in the effect of online leaming
civironments on  cognitive  engagement  and  well-bang

remains underexplored.
Toldti'ul]! murdmlhhndymmz&md
online braming envirommen bs o cogritd Et'FlmI!.lnl'lmﬂ

bchg.mdnplclnlh sequential mediating effects of acsd emic seli-
mup.nﬂﬂ:whlhrdﬂhmﬂﬂp.m:hdrﬂiﬂdlwtmlh:
dqn:ndhﬂmmﬂmn!mqumd&lmﬂrmlh:lnmhg

mﬂnﬂthrimpﬂlofnnﬂmh-nh‘ Ermir on stadents’
cogritive engagement and well-being with empincal research method
in higher education comexts.

Academic seli-concept s the students’ seli-evaluation of their
mmiul wrﬂ.m field (Schmdigder £t all, 2021), Academic
self-concept is corsbdered to be assnciated with various desirable
cilucational culcomes, such as academic performance and satbsfaction
{Wia etal, 203 15 e and Mei, 0] 3, Stodais mmmm
sell-ancept tend 1o chisose maore chislleng ing leas ning envirormenta,
becasse it can stimislac siudents” interest and eothusias m for leaming.
therehy enhancing thetr satisfaction (e and Ve 2000, Howeves
shadents may show lowet self-concept in online bearning eov iroame i
due bo the limatad interacthon and supporn provided by online contexts
(Heingola et al. H120; Fhan and M 2013) Existing reseanch on
scademic self-concepl primarily focuses on traditional leaming
ents and children or adolescenis, few studies exploring the
tmpact of online learning environmenis on academic sell concept in
h",h:l: education coatexts (Guo o ol HI23; Sicinbeng 1 ol . 30ML
Bvidence shows that academic self-concept s closely related to

mer, Z2T) and

cognitive Lﬂmh:‘_ srrabeghes [Lohbeck and Mosch
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i ent for practitioners and researchers.

2 Theaoretical framework

Social cognitive theary (SCT) emphasizes the understanding of
human behavior through the interaciive Inflaence of the environmeni,
person, and bebavior (1Lsdon, 1991 L SCT believes that people learn
by observing others and the effecs ol their heusior, a5 well s through
direct imteraction with peophe or techmology. Therelore, i s also called
triadic reciprocal determuingsm (Shalid o o), 3025 SCT has been
widely applicd within psychological disciplines as well as in other
Belds such as education, business, and bealth (hunk and
Dnfenedetrs 2000 In educational settings, environmental factors are
seen s elements that are physically exiernal to the mdhadaal and that
provide opportunities and social support for sudents bo beamn (1 ol
2000} Persinal factors imvalve cognitiors, beliefs, skills, and sffect
{Schumk and Usher 2007). Behavioral fciors are relsied i
components such as task selection, effort, peristence, and effective
hlrdq sirategies (Schumk ami Dillensdeitn, 6L These three
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Three Dimensional Interpretations of “Philosophy of Heart”
of the Communist Party of China
Kuai Zhengming.Ji Hongfei
{Hainan Normal University . Haikou 571158 .China)

Abstract; As socialism with Chinese characteristics enters a new era. General Secretary Xi Jinping has proposed the sig-
nificanmt proposition of “FPhilosophy of Heart™ for members of the Communist Party of China. The Communist®s “Philosophy of
Hean™. as a great innovation in adapting Marxism to the Chinese context and the needs of our times. has deep generative log-
ic. in which Marxist Theory of Party spirt is a fundamental theoretical basis. soccessful exploration of Party spirit by the
Communigt Party of China is an impertant ideologival and practical foundation .and Chinese excellent traditional culture of phi-
loszophy of heart is a valuable spiritual and philesophical resource, “Philosophy of Heart” of the Communist Party of China has
achieved historic innovation and transcendence of philozophy of heart in excellent traditional Chinese cultural. Therefore. The
Communist’s “Philosophy of Heart” holds great theoretical and practical implications for innovating the theory education of
Party spirit of Marxist parties and the promoting the Party’s self-revolution,

Key words: “Philosophy of Heart™ of the Communist Party of Chinayparty spirit cultivation ;party spirit education; pary

spirit refinement
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you at the EITT 2024 in Macou, China
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Mgt ety

De. Qingrang Liu, Dr. Limung Fhang
Chaar, SICET-EITT 2024 Program Commiites Chaar, EITT 2024
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