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A study of the effects of peer-assessed collaborative programming strategies on programming
academic performance and problem-solving tendencies of students with different levels of

computational thinking
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Abstract : Collaborative programming aims to improve students' programming performance through cooperative
learning, but free-riding may occur during the collaborative process. For this reason, this study proposes a
collaborative programming learning method incorporating peer assessment to explore its effects on the academic
performance and problem solving tendencies of students with different levels of computational thinking. The
experimental group used the collaborative programming learning method incorporating peer assessment, and the
control group used the conventional collaborative programming learning method. The results of the study show that
there are significant interactions between students with different levels of computational thinking and the learning
method in terms of academic performance and problem-solving tendency, in which the collaborative programming
learning method with peer assessment has a more significant effect on students with high levels of computational
thinking.
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R, EBMERAZIAZP, —RFATRAYHMANA, MG —LFATRTIEREIN
% 5.)v 4857 B (Chang & Chen, 2009), iX 4 #) 47 695 4 R TN 69, FFF 85 A5 84F b &
2| 1N i#h (Freeman & McKenzie, 2002). B By 2 fAR A 5% by 4= N b HEAF AT/, Ak,
T F TS EAF A6 TR (Boud & Holmes, 1981)0 4T NAFIFEF A EAZ—A
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B9 1B AR, F ABT R A 49 69 M (Comer et al., 2014). B IR0 2 52 4 1545 B 4% 49 & 2L 3 7
49 1242 (Topping et al., 2010). % 7 & & F £ R FHFFAR G 2 HIFie, JFl L3R BAif &
Btk a9 & 3, MK & T 5 4695 5] (Harris & Brown, 2013). B 1EMM4E A —# % 52 Kk,
FTUME R AR A TR G, F—F @5 AT AR E] A T a4k % (lon et al., 2018).
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KARATERFAELEENMEBBRIAEFTIIRFNF DG, AT, BRKAH A 10 B &45F
A, FEA 05, B8 100 2. B NXAALZ R LA FEHFERE LRRFIFHAT
P&t Ao g2

i H AR 9] K A% B Hwang et al. (2020)FF K 6977 ik, P &R A 5 R E w4524 (1=
TERR&E; 5= 42RB &) .

o] AR g e AR 1) 17]) & 2L %% B Lai and Hwang (2014)7F K 69 7 k. ZFIER A 5 2 E 242k
(1= 21 R &; 5=242R %) .

3. EBLFE

AFRRRNT — AL RN ERES D RARIBFEAGRELI . PHRAT
two-way ANCOVA 7 ik, %% #F %0 A 5 (Chen & Lin, 2014; Kelley, 1939), &t H &4 K-Fu
ARTMAT 33%09 52 &, 4K H B4 K-FB A AT NG 33%. & | ARG HE LT HHTEE R,
21 F I b gt &

28 7 T H 245K F 344 AR E A%
18 4n = 58.89 22.14 36
1%, 65.12 15.02 41
. = 68.95 17.98 38
K
N 1%, 63.66 21.42 41
3.1. # T &%

A TRR BN AT TR BRI E FAE S ) RGO R0, A RERATRREAEZ BT £
S 77k (two-way ANCOVA) o R4k 2 i, HHBHEKFAF] FENFENGSF
MG H BB EGOREERNE=422,p=0.043).

R2FIARGRAEWM T LR

TZ BAEFTA AME HT F n?
2 5] R AR AT 2634.61 1 2634.61  7.39%** (.05
5 3) T ik 737.36 1 737.36 2.07 0.01
i+ LA ) 3.68 1 3.68 0.01 0

5 3) Ty ikt B AR ) 1506.03 1 1506.03  4.22*  0.03
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ik £ 53854.45 151 356.65

*p < 0.05, ¥**p < 0.001

ATHRRIRAFHEBHhARFARRARRF D T EFINFEFI RGO w, Bit—F
ARATRAE IR T ke BRAwE I, FRAFT IR THDLEKFGF LGS I KR
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*p < 0.05
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ﬂ%ﬁiar&ﬁﬁhé #rA B AL F W EAER(F=4.45,p=0.036),
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®E 31.33 151 0.21

*p < 0.05, ***p < 0.001
AT IREAB  H B KT 5 A3 R B R B 5 2] 7 ik 57 5] 04 5 A 69 B AL ff AR &) B9 %50,
At —F KRR TRAEEIRE DA T ke R4k 6 T, FRHEP AR THLEKFHF
ARG ER 2FEER (F=1650,p=0.001) . % —7 &, SRBEP AR+ HL4K
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% 6 it H B AR Gt 2 A B AR AR ARG 69 1 2 AN AT R

£ 3 BHEF T Ae b ¥ % I3 2

41 3.42 1 3.42 16.50%%% 0.1
SR AR 31.33 151 31.33

it 33.75 152

4 0.2 1 0.2 0.99 0.01
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Re 71, ARARARE B AR L R R A2 95 5 49 4h A& (Grover & Pea, 2013). Bl 3 F M 38 91 & K 5
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HeAT1 89 ARM M A 2 5] 2 R (Yin et al., 2022).
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H 7 & (Voon et al., 2022), @it H B4 K-F 6y 5 A8 5 5 RFEAE S A o A -4, AR5 A X
BOR KB IR ) A P) AR R AR S (X & EFR, 2022).
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FLE(RIT & EX,2019), M AL HAZKGZIEIEENL, BRIFA TRIAMBEE) GRS,

KA R LRI IFM G ERmAL S 3] ik, R AR, T A 0952 3] R Gfa 2] A R e Al )
AR RBRAZEH 0, LHEAN ST EELERFOFAER EXERRF R, 23K+ H S5 KF
FANT R ). BTN ERLAEELE — 2 HRE, AL, BEFNGIMERIZSF )
Ty ik af e it S KT A BRI R & TR SR A KR A TR
BLRKFOFAAZARPRARRFIABFREIF. Lk, RELLFAEH A, RBHEK
REENSEIITH, ARTAE WX FT@GFR. BE, AFRRXET RN ME
A 3 Ty k3t R R KR A M5 5] R G A F AR AR, ARTARER Z T @,

186



GCCCE 2025
B H AR

X, & EIE.(2022). AT GAL T D FRAEKFT O BERF AL X, ZAKFTHRK, 3203),
102-109. https://doi.org/10.3969/.issn.1009-8097.2022.03.011

RIF, & EX.(2019). WMEmAE T 693+ H B K RS T T TL—E T2 RAEE QG T &
HL A ZAEF F T 7(02), 76-84+94.
https://link.cnki.net/urlid/51.1580.G4.20190322.1631.006

Boud, D. J., & Holmes, W. H. (1981). Self and peer marking in an undergraduate engineering
course. I[EEE Transactions on Education, 24(4), 267-274.

Chang, T.-Y., & Chen, Y.-T. (2009). Cooperative learning in E-learning: A peer assessment of
student-centered using consistent fuzzy preference. Expert Systems with Applications, 36(4),
8342-8349. https://doi.org/10.1016/j.eswa.2008.10.050

Chen, C.-M., & Lin, S.-T. (2014). Assessing effects of information architecture of digital libraries
on supporting E-learning: A case study on the Digital Library of Nature & Culture.
Computers & Education, 75, 92-102. https://doi.org/10.1016/j.compedu.2014.02.006

Comer, D. K., Clark, C. R., & Canelas, D. A. (2014). Writing to learn and learning to write across
the disciplines: Peer-to-peer writing in introductory-level MOOC:s. International Review of
Research in Open and Distributed Learning, 15(5), 26-82.

Freeman, M., & McKenzie, J. (2002). SPARK, a confidential web - based template for self and peer
assessment of student teamwork: benefits of evaluating across different subjects. British
Jjournal of educational technology, 33(5), 551-5609.

Grover, S., Basu, S., Bienkowski, M., Eagle, M., Diana, N., & Stamper, J. (2017). A Framework for
Using Hypothesis-Driven Approaches to Support Data-Driven Learning Analytics in
Measuring Computational Thinking in Block-Based Programming Environments. ACM
Transactions on Computing Education, 17(3), 1-25. https://doi.org/10.1145/3105910

Grover, S., & Pea, R. (2013). Computational thinking in K - 12: A review of the state of the field.
Educational researcher, 42(1), 38-43. https://doi.org/10.3102/0013189X12463051

Harris, L. R., & Brown, G. T. (2013). Opportunities and obstacles to consider when using peer-and
self-assessment to improve student learning: Case studies into teachers' implementation.
Teaching and Teacher Education, 36, 101-111. https://doi.org/10.1016/j.tate.2013.07.008

Hwang, G.-J., Li, K.-C., & Lai, C.-L. (2020). Trends and strategies for conducting effective STEM
research and applications: A mobile and ubiquitous learning perspective. International
Journal of Mobile Learning and Organisation, 14(2), 161-183. https://doi.org/10.1504/

IJMLO.2020.106166

Ion, G., Sanchez Marti, A., & Agud Morell, I. (2018). Giving or receiving feedback: which is more
beneficial to students” learning? Assessment & Evaluation in Higher Education, 44(1),
124-138. https://doi.org/10.1080/02602938.2018.1484881

Jun, S., Han, S., & Kim, S. (2017). Effect of design-based learning on improving computational
thinking. Behaviour & Information Technology, 36(1),43-53.https://doi.org/10.1080/014

4929X.2016.1188415

Kalelioglu, F. (2015). A new way of teaching programming skills to K-12 students: Code. org.
Computers in human behavior, 52, 200-210. https://doi.org/10.1016/j.chb.2015.05.047

Kelley, T. L. (1939). The selection of upper and lower groups for the validation of test items.
Journal of educational psychology, 30(1), 17. https://doi.org/10.1037/h0057123

187



GCCCE 2025
Lai, C. L., & Hwang, G. J. (2014). Effects of mobile learning time on students' conception of
collaboration, communication, complex problem - solving, meta - cognitive awareness and
creativity. International Journal of Mobile Learning and Organisation, 8(3-4), 276-291.
https://doi.org/10.1504/IJMLO.2014.067029

Li, W, Huang, J.-Y,, Liu, C.-Y., Tseng, J. C., & Wang, S.-P. (2023). A study on the relationship
between student'learning engagements and higher-order thinking skills in programming
learning. Thinking Skills and Creativity, 49, 101369. https://doi.org/10.1016/j.tsc.2023.

101369

Li, W, Liu, C. Y., & Tseng, J. C. (2024). Development of a metacognitive regulation - based
collaborative programming system and its effects on students' learning achievements,
computational thinking tendency and group metacognition. British Journal of Educational
Technology, 55(1), 318-339. https://doi.org/10.1111/bjet.13358

Rojas-Lopez, A., & Garcia-Penalvo, F. J. (2019). Initial learning scenarios based on the
computational thinking evaluation for the course Programming fundamentals at INACAP.
Proceedings of the Seventh International Conference on Technological Ecosystems for
Enhancing Multiculturality.https://doi.org/10.1145/3362789.3362802

Sabarinath, R., & Quek, C. L. G. (2020). A case study investigating programming students’ peer
review of codes and their perceptions of the online learning environment. Education and
Information Technologies, 25(5), 3553-3575.

Shadiev, R., Hwang, W.-Y., Yeh, S.-C., Yang, S. J. H., Wang, J.-L., Han, L., & Hsu, G.-L. (2014).
Effects of Unidirectional vs. Reciprocal Teaching Strategies on Web-Based Computer
Programming Learning. Journal of Educational Computing Research, 50(1), 67-95.
https://doi.org/10.2190/EC.50.1.d

Strawhacker, A., & Bers, M. U. (2019). What they learn when they learn coding: Investigating
cognitive domains and computer programming knowledge in young children. Educational
technology research and development, 67, 541-575.

Sun, L., Hu, L., & Zhou, D. (2022). Programming attitudes predict computational thinking:
Analysis of differences in gender and programming experience. Computers & Education,
181, 104457 https://doi.org/10.1016/j.compedu.2022.104457

Topping, K. J., Smith, E. F., Swanson, 1., & Elliot, A. (2010). Formative Peer Assessment of
Academic Writing Between Postgraduate Students. Assessment & Evaluation in Higher
Education, 25(2), 149-169. https://doi.org/10.1080/713611428

Voon, X. P., Wong, S. L., Wong, L. H., Khambari, M. N. M., & Abdullah, S. I. S. S. (2022). Role of
peer assessment in facilitating computational thinking among pre-service teachers.

Yadav, A., Mayfield, C., Zhou, N., Hambrusch, S., & Korb, J. T. (2014). Computational thinking in
elementary and secondary teacher education. ACM Transactions on Computing Education
(TOCE), 14(1), 1-16. https://doi.org/10.1145/2576872

Yin, S., Chen, F., & Chang, H. (2022). Assessment as Learning: How Does Peer Assessment
Function in Students' Learning? Frontiers in Psychology, 13, 912568.https://doi.org/10.

3389/fpsyg.2022.912568

Zhang, W., Guan, Y., & Hu, Z. (2024). The efficacy of project-based learning in enhancing
computational thinking among students: A meta-analysis of 31 experiments and
quasi-experiments. Education and Information Technologies, 1-33.

188



