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ABSTRACT

This classroom action research examined changes in physics learning mastery during implementation of
the Two Stay Two Stray (TSTS) cooperative learning model on work and energy. The study involved 36
Grade X Welding Engineering students at SMK Negeri 1 Gandapura, Indonesia, during August—October
2019. Two action cycles followed planning, implementation, observation, and reflection. Data came from
a 20-item preliminary multiple-choice test, cycle-end achievement tests, observation sheets completed by
two observers, and interviews. At baseline, 17 of 36 students (47.22%) met the reported mastery criterion.
Mastery increased to 27 students (75.00%) in Cycle I and 33 students (91.67%) in Cycle II, an increase of
44.45 percentage points from baseline. Teacher-activity observations increased from 90.00% to
approximately 94.17%, and student-activity observations increased from 83.75% to 93.75%. The findings
indicate progressive improvement during the two cycles; however, the single-class design without a
comparison group does not isolate the effect of TSTS from other instructional changes. The results suggest
that structured peer exchange may support active participation and mastery in vocational physics lessons.

Keywords: Two Stay Two Stray; cooperative learning; physics education; work and energy; classroom
action research

INTRODUCTION

Physics teaching in vocational secondary schools must help students connect abstract principles with
technological practice. In welding engineering, concepts of work, energy, power, and efficiency are relevant
to interpreting tools, processes, and energy transfer. Nevertheless, the original classroom observation at
SMK Negeri 1 Gandapura described teacher-centred instruction, limited student questioning, and weak
engagement. A preliminary test showed that only 17 of 36 students (47.22%) achieved the stated mastery
threshold. This local instructional problem motivated an iterative classroom intervention.

Research on active learning highlights the importance of moving beyond passive reception toward
meaningful cognitive engagement. Theobald et al. (2020) demonstrate how active learning can address
achievement disparities, while Darling-Hammond et al. (2020) situate effective learning in supportive social

and cognitive environments. Brod (2021), Fiorella (2023), and Agarwal et al. (2021) further suggest that
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generative processing, explanation, and retrieval are mechanisms through which students can consolidate
conceptual understanding. These mechanisms are relevant to physics problems that require explanation as
well as numerical calculation.

Two Stay Two Stray (TSTS) is a cooperative structure in which students work in small groups; two
members remain to explain their group’s findings while two visit another group to exchange information.
Studies in physics and science education report promising outcomes for TSTS (Selvianti et al., 2015;
Rachmawati & Ernawati, 2018; Apriakanti et al., 2020). Related studies in other subjects associate TSTS
with cooperation, motivation, and learning achievement (Hidayat & Muhson, 2018; Al Falah & Rosy, 2021;
Huda, 2021). Such findings motivate classroom-level investigation, although differences in subjects and
designs limit direct generalisation.

This study aimed to document (1) changes in student mastery across baseline, Cycle I, and Cycle II,
and (2) observed teacher and student learning activities during the implementation of TSTS in a vocational
physics class. Its contribution is a contextual account of iterative TSTS implementation for work and

energy, rather than a controlled estimate of causal effectiveness.

LITERATURE REVIEW

Cooperative learning and the TSTS interaction structure

The TSTS sequence requires learners to produce a group explanation, communicate it to visiting
peers, listen to an alternative explanation, and reconcile differences after returning to their original group.
This creates repeated opportunities for verbalisation, peer feedback, and knowledge reconstruction.
Evidence from TSTS implementations spans science, mathematics, language, and social studies (Firman et
al., 2020; Aji & Wulandari, 2021; Rusmiati et al., 2023; Bachtiar et al., 2024). These studies suggest that
the structure is adaptable, but they do not establish identical effects across learning contexts.

More recent applications combine TSTS with discovery learning or explicit scientific communication
objectives (Rahmadani et al., 2025; Ernawati et al., 2026). Sitanggang et al. (2026) similarly examine TSTS
in primary integrated science. Such extensions underline that a cooperative grouping label alone is
insufficient: task quality, explanation requirements, and opportunities for feedback determine what students

actually learn.

Conceptual learning, engagement, and instructional design

In work-and-energy lessons, students must distinguish force, displacement, kinetic and potential
energy, and conservation relationships. Well-designed peer discussion can expose misconceptions, but
poorly structured interaction may reinforce them. Sweller (2020) cautions that unnecessary cognitive

demands can overwhelm learners; Mayer et al. (2020) and Noetel et al. (2022) emphasise coherent
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representations, while Sundararajan and Adesope (2020) discuss the costs of irrelevant details. These
perspectives justify short, clearly defined group tasks supported by worked examples and focused questions.
Instructional engagement is multidimensional rather than synonymous with achievement. Bond et al.
(2020) map diverse engagement indicators; Wong and Adesope (2021) discuss affective design, and
Skulmowski (2024) critically examines the distinction between doing an activity and learning from it.
Accordingly, observer ratings and test mastery are treated here as separate outcomes. Broader teacher and
school conditions, including professional knowledge, preparation, and instructional support, may shape
how consistently an intervention is enacted (Backfisch et al., 2020; Sims & Fletcher-Wood, 2021;
Leithwood et al., 2020).

Classroom action research and evidence interpretation

Classroom action research uses repeated cycles of planning, acting, observing, and reflecting to
improve a specific practice. It is well suited to local instructional improvement but cannot by itself rule out
maturation, repeated testing, or differences in assessment difficulty. Qualitative observation and interview
material may illuminate how implementation changed, although interpretation requires transparent coding
and attention to evidentiary limits (Braun & Clarke, 2021; Byrne, 2022; Hennink & Kaiser, 2022). The

present report therefore emphasises descriptive changes, not population-level treatment effects.

METHODS
Research setting and design

The study was conducted from August to October 2019 at SMK Negeri 1 Gandapura with one Grade
X Welding Engineering class (N = 36) in the 2019/2020 academic year. The original report identifies a two-
cycle classroom action research design based on planning, implementation, observation, and reflection.
There was no parallel control class or random assignment. The original report does not specify the number

of meetings per cycle or provide student-level scores; these details are not inferred.

Intervention procedure

In each action cycle, students were organised into heterogeneous cooperative groups. They worked
on work-and-energy tasks, after which two students remained to explain their group’s solution while two
visited another group to gather alternative information. Visiting students then returned to their original
group to report and compare results. The teacher facilitated discussion and clarified difficult physics
concepts. Reflection after Cycle I informed the continuation of Cycle II. This account follows the
instructional sequence described in the source manuscript; exact session duration and task sheets were not

supplied.
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Instruments and analysis

The initial achievement assessment comprised 20 multiple-choice questions administered over 45
minutes. End-of-cycle tests were used to classify mastery relative to the reported minimum mastery criterion
(KKM) of 70. Two observers independently scored teacher and student activities using observation sheets,
and interviews were conducted with selected students. Frequencies and percentages were reported
descriptively. Because item-level test scores, instrument validation results, and inter-rater reliability
statistics were not available, no significance test, effect size, or reliability coefficient is presented. Original

inconsistencies in a few percentages are identified transparently below.

RESULTS AND DISCUSSION
Changes in achievement mastery

At baseline, 17 students met the reported mastery criterion and 19 did not. By the end of Cycle I, 27
students met the criterion; by the end of Cycle I, 33 students did so. Table 1 reports the original counts
alongside percentages recalculated directly from N = 36. These data show a descriptive increase in mastery

of 27.78 percentage points between baseline and Cycle I, 16.67 points between cycles, and 44.45 points

overall.
Table 1. Student mastery across the classroom action research phases
Phase Mastery n (%) Not mastered n (%) Total
Baseline 17 (47.22) 19 (52.78) 36
Cycle I 27 (75.00) 9 (25.00) 36
Cycle 11 33 (91.67) 3 (8.33) 36

Note. Percentages are calculated as n/36 x 100. The source abstract incorrectly labels the nine non-mastered
students in Cycle I as 55%; the mathematically consistent value is 25%. The source uses 91.66% and 8.34%
for Cycle II; rounding to two decimals gives 91.67% and 8.33%.

The baseline-to-Cycle-11 improvement is compatible with a productive iterative teaching process, but
it cannot be attributed uniquely to the TSTS structure. Repeated exposure to the topic, teacher adaptation
between cycles, and potential differences among assessments are plausible alternative explanations. This
caution is consistent with research stressing that learning gains depend on task design and student cognitive

activity rather than mere participation (Brod, 2021; Fiorella, 2023; Skulmowski, 2024).

Observed teacher and student activities

Teacher activity was rated 53/60 (88.33%) and 55/60 (91.67%) by the two observers in Cycle 1. The
corresponding Cycle II scores were 56/60 (93.33%) and 57/60 (95.00%). Student activity was rated 33/40
(82.50%) and 34/40 (85.00%) in Cycle I, rising to 37/40 (92.50%) and 38/40 (95.00%) in Cycle II. Table 2

retains the original observation counts and derives arithmetic means from those counts.
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Table 2. Observation scores for teaching and student activities
Indicator Cycle I: Cycle I: Cycle I Cycle II: Cycle II: Cycle 1II
Observer1  Observer2 mean (%) Observer1 Observer2 mean (%)

Teacher 53/60 55/60 90.00 56/60 57/60 94.17
activity
Student 33/40 34/40 83.75 37/40 38/40 93.75
activity

Note. The original Cycle II teacher table lists a mean score of 85 despite observer scores of 56 and 57; the
arithmetic mean is 56.5. The original Cycle II student table reports 83.75%, whereas its observer scores
imply 93.75%.

The observed improvement in participation is consistent with the peer-interaction mechanisms

proposed in TSTS studies (Apriakanti et al., 2020; Hidayat & Muhson, 2018; Selvianti et al., 2015). It also
aligns with broader evidence on active participation and meaningful explanation (Theobald et al., 2020;
Darling-Hammond et al., 2020). However, without documented observation rubrics and inter-rater
agreement, the ratings should be interpreted as descriptive process indicators rather than validated measures

of engagement.

Pedagogical interpretation and implications

The practical value of TSTS in this classroom lies in making every group responsible for explaining
and comparing physics solutions. This may reduce reliance on teacher exposition and offer students multiple
opportunities to articulate reasoning. The findings are broadly compatible with positive reports on TSTS
learning outcomes and motivation across educational settings (Al Falah & Rosy, 2021; Aji & Wulandari,
2021; Rachmawati & Ernawati, 2018; Rusmiati et al., 2023). Nevertheless, teachers should monitor
conceptual accuracy, ensure equitable participation, and reserve time for synthesis after the visiting phase.

Physics concepts can benefit from diagrams, demonstrations, and carefully sequenced problems.
Research on multimedia learning and instructional design supports combining peer explanation with
coherent visual representations and manageable task complexity (Hillmayr et al., 2020; Mayer et al., 2020;
Sweller, 2020; Noetel et al., 2021). Teacher readiness and the wider learning environment may also
condition implementation quality (Antonietti et al., 2022; Falloon, 2020; Fernandez-Batanero et al., 2022;
Howard et al., 2021; K&nig et al., 2020). In this context, the cooperative method should be treated as one
element of an integrated instructional approach.

Several other studies illuminate implementation considerations without serving as direct TSTS
effectiveness evidence. Teacher professional development and classroom design research highlights
planning, feedback, and sustained instructional support (Sims & Fletcher-Wood, 2021; Backfisch et al.,
2020; Leithwood et al., 2020). Research on learning environments and instructional communication also

underscores the importance of clear expectations and active learner contributions (Martin et al., 2020;
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Rapanta et al., 2020; Scherer et al., 2021; Seufert et al., 2021). Related studies on teachers’ digital
competence, school change, and professional preparedness (Lucas et al., 2021; Pettersson, 2021; Tondeur
et al., 2021; Trust & Whalen, 2020; Wohlfart & Wagner, 2023) provide additional implementation context,
not direct evidence of TSTS effectiveness. These literatures provide contextual guidance, not evidence that

the particular class achieved a controlled treatment effect.

Limitations

The study involved one class of 36 students in a single vocational school and used two action cycles
without a comparison group. Test equivalence, score distributions, item validity, and observer agreement
were not reported. Some original tables and narrative passages contain arithmetic or transcription
inconsistencies; the present tables distinguish source counts from recalculated percentages. The manuscript
also lacks documented ethics approval and participant consent procedures. Future studies should report
these procedures, use consistent assessments, provide item-level data, and triangulate observations with

student explanations of work-and-energy concepts.

CONCLUSION AND RECOMMENDATIONS

In this classroom action research, mastery on work-and-energy content increased from 47.22% at
baseline to 75.00% in Cycle I and 91.67% in Cycle II. Observer ratings of teacher and student activity also
increased. These descriptive findings support continued exploration of TSTS as a structured cooperative-
learning option in vocational physics, but they do not establish that TSTS alone caused the improvements.
Teachers should prepare concise tasks, assign explicit visiting and hosting roles, verify conceptual
explanations, and reflect on achievement and participation after each cycle. Replication with stronger

measurement and comparison designs is recommended.

The observed improvement in participation is consistent with the peer-interaction mechanisms
proposed in TSTS studies (Apriakanti et al., 2020; Hidayat & Muhson, 2018; Selvianti et al., 2015). It
also aligns with broader evidence on active participation and meaningful explanation (Theobald et al.,
2020; Darling-Hammond et al., 2020). However, without documented observation rubrics and inter-rater
agreement, the ratings should be interpreted as descriptive process indicators rather than validated
measures of engagement.

Pedagogical interpretation and implications

The practical value of TSTS in this classroom lies in making every group responsible for
explaining and comparing physics solutions. This may reduce reliance on teacher exposition and offer
students multiple opportunities to articulate reasoning. The findings are broadly compatible with positive
reports on TSTS learning outcomes and motivation across educational settings (Al Falah & Rosy, 2021;
Aji & Wulandari, 2021; Rachmawati & Ernawati, 2018; Rusmiati et al., 2023). Nevertheless, teachers
should monitor conceptual accuracy, ensure equitable participation, and reserve time for synthesis after
the visiting phase.
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Physics concepts can benefit from diagrams, demonstrations, and carefully sequenced problems.
Research on multimedia learning and instructional design supports combining peer explanation with
coherent visual representations and manageable task complexity (Hillmayr et al., 2020; Mayer et al.,
2020; Sweller, 2020; Noetel et al., 2021). Teacher readiness and the wider learning environment may also
condition implementation quality (Antonietti et al., 2022; Falloon, 2020; Fernandez-Batanero et al., 2022;
Howard et al., 2021; Konig et al., 2020). In this context, the cooperative method should be treated as one
element of an integrated instructional approach.

Several other studies illuminate implementation considerations without serving as direct TSTS
effectiveness evidence. Teacher professional development and classroom design research highlights
planning, feedback, and sustained instructional support (Sims & Fletcher-Wood, 2021; Backfisch et al.,
2020; Leithwood et al., 2020). Research on learning environments and instructional communication also
underscores the importance of clear expectations and active learner contributions (Martin et al., 2020;
Rapanta et al., 2020; Scherer et al., 2021; Seufert et al., 2021). Related studies on teachers’ digital
competence, school change, and professional preparedness (Lucas et al., 2021; Pettersson, 2021; Tondeur
et al., 2021; Trust & Whalen, 2020; Wohlfart & Wagner, 2023) provide additional implementation
context, not direct evidence of TSTS effectiveness. These literatures provide contextual guidance, not
evidence that the particular class achieved a controlled treatment effect.

Limitations

The study involved one class of 36 students in a single vocational school and used two action
cycles without a comparison group. Test equivalence, score distributions, item validity, and observer
agreement were not reported. Some original tables and narrative passages contain arithmetic or
transcription inconsistencies; the present tables distinguish source counts from recalculated percentages.
The manuscript also lacks documented ethics approval and participant consent procedures. Future studies
should report these procedures, use consistent assessments, provide item-level data, and triangulate
observations with student explanations of work-and-energy concepts.

CONCLUSION AND RECOMMENDATIONS

In this classroom action research, mastery on work-and-energy content increased from 47.22% at
baseline to 75.00% in Cycle I and 91.67% in Cycle II. Observer ratings of teacher and student activity
also increased. These descriptive findings support continued exploration of TSTS as a structured
cooperative-learning option in vocational physics, but they do not establish that TSTS alone caused the
improvements. Teachers should prepare concise tasks, assign explicit visiting and hosting roles, verify
conceptual explanations, and reflect on achievement and participation after each cycle. Replication with
stronger measurement and comparison designs is recommended.

REFERENCES
Agarwal, P. K., Nunes, L. D., & Blunt, J. R. (2021). Retrieval Practice Consistently Benefits Student

Learning: a Systematic Review of Applied Research in Schools and Classrooms. Educational
Psychology Review, 33(4), 1409-1453. https://doi.org/10.1007/s10648-021-09595-9

Aji, T. P., & Wulandari, S. S. (2021). Analisis model pembelajaran kooperatif tipe Two Stay Two Stray
(TSTS) terhadap hasil belajar siswa. Journal of Office Administration: Education and Practice, 1(3),
340-350. https://doi.org/10.26740/joaep.vIn3.p340-350

Jurnal Guru Dikmen dan Diksus |23



‘I]rlrlli)arl(()i\?i;g Physics Learning Outcomes through Two Stay Two Stray Cooperative Learning on Work and Energy: A

Classroom Action Research Study

Al Falah, D. M., & Rosy, B. (2021). Analisis model pembelajaran kooperatif tipe Two Stay Two Stray
(TSTS) sebagai upaya meningkatkan motivasi belajar siswa. Jurnal Pendidikan Administrasi
Perkantoran, 9(2), 270-280. https://doi.org/10.26740/jpap.vIn2.p270-280

Antonietti, C., Cattanco, A., & Amenduni, F. (2022). Can teachers’ digital competence influence
technology acceptance in vocational education? Computers in Human Behavior, 132, Article 107266.
https://doi.org/10.1016/j.chb.2022.107266

Apriakanti, D., Kusuma, M., & Nurhayati, M. (2020). The effectiveness of Two Stay Two Stray (TSTS)
cooperative learning model in improving students’ critical thinking skills. Journal of Science
Education Research, 4(1), 40—43. https://doi.org/10.21831/jser.v4i1.34240

Bachtiar, F. A., Idawati, I., & Nurhusna, N. (2024). Efektivitas model Two Stay Two Stray (TSTS) terhadap
pembelajaran keterampilan berbicara siswa kelas VII SMP Negeri 1 Sungguminasa. Journal of
Applied Linguistics and Literature, 1(3). https://doi.org/10.59562/jall.v1i3.2108

Backfisch, I., Lachner, A., Hische, C., Loose, F., & Scheiter, K. (2020). Professional knowledge or
motivation? Investigating the role of teachers’ expertise on the quality of technology-enhanced lesson
plans. Learning and Instruction, 60, Article 101300.
https://doi.org/10.1016/j.learninstruc.2019.101300

Bond, M., Buntins, K., Bedenlier, S., Zawacki-Richter, O., & Kerres, M. (2020). Mapping research in
student engagement and educational technology in higher education: a systematic evidence map.
International Journal of Educational Technology in Higher Education, 17(1), Article 2.
https://doi.org/10.1186/s41239-019-0176-8

Braun, V., & Clarke, V. (2021). One size fits all? What counts as quality practice in (reflexive) thematic
analysis? Qualitative Research in Psychology, 18(3), 328-352.
https://doi.org/10.1080/14780887.2020.1769238

Brod, G. (2021). Generative Learning: Which Strategies for What Age? Educational Psychology Review,
33(4), 1295-1318. https://doi.org/10.1007/s10648-020-09571-9

Byme, D. (2022). A worked example of Braun and Clarke’s approach to reflexive thematic analysis. Quality
& Quantity, 56(3), 1391-1412. https://doi.org/10.1007/s11135-021-01182-y

Darling-Hammond, L., Flook, L., Cook-Harvey, C., Barron, B., & Osher, D. (2020). Implications for
educational practice of the science of learning and development. Applied Developmental Science,
24(2), 97-140. https://doi.org/10.1080/10888691.2018.1537791

Ernawati, D., Atmojo, I. R. W., & Rintayati, P. (2026). Model Two Stay Two Stray terintegrasi deep
learning terhadap keterampilan komunikasi ilmiah siswa sekolah dasar. Didaktika Dwija Indria.

https://doi.org/10.20961/ddi.v1511.126060

Jurnal Guru Dikmen dan Diksus |24



‘I]rlrlli)arl(()i\?i;g Physics Learning Outcomes through Two Stay Two Stray Cooperative Learning on Work and Energy: A

Classroom Action Research Study

Falloon, G. (2020). From digital literacy to digital competence: the teacher digital competency (TDC)
framework. Educational Technology Research and Development, 68(5), 2449-2472.
https://doi.org/10.1007/s11423-020-09767-4

Fernandez-Batanero, J. M., Montenegro-Rueda, M., Fernandez-Cerero, J., & Garcia-Martinez, 1. (2022).
Digital competences for teacher professional development. Systematic review. European Journal of
Teacher Education, 45(4), 513-531. https://doi.org/10.1080/02619768.2020.1827389

Fiorella, L. (2023). Making Sense of Generative Learning. Educational Psychology Review, 35(2), Article
50. https://doi.org/10.1007/s10648-023-09769-7

Firman, F., Aswar, N., Sukmawaty, S., Mirnawati, M., & Sukirman, S. (2020). Application of the Two Stay
Two Stray learning model in improving Indonesian language learning outcomes in elementary
schools. Jurnal Studi Guru dan Pembelajaran, 3(3). https://doi.org/10.30605/jsgp.3.3.2020.621

Hennink, M., & Kaiser, B. N. (2022). Sample sizes for saturation in qualitative research: A systematic
review of empirical tests. Social Science & Medicine, 292, Article 114523,
https://doi.org/10.1016/j.socscimed.2021.114523

Hidayat, T. M., & Muhson, A. (2018). The impact of Think Pair Share and Two Stay Two Stray learning
model towards learning outcomes and cooperation ability. Dinamika Pendidikan, 13(1).
https://doi.org/10.15294/dp.v13i1.15045

Hillmayr, D., Ziernwald, L., Reinhold, F., Hofer, S. L., & Reiss, K. M. (2020). The potential of digital tools
to enhance mathematics and science learning in secondary schools: A context-specific meta-analysis.
Computers & Education, 153, Article 103897. https://doi.org/10.1016/j.compedu.2020.103897

Howard, S. K., Tondeur, J., Siddiq, F., & Scherer, R. (2021). Ready, set, go! Profiling teachers’ readiness
for online teaching in secondary education. Technology, Pedagogy and Education, 30(1), 141-158.
https://doi.org/10.1080/1475939x.2020.1839543

Huda, W. (2021). Pengaruh model Two Stay Two Stray terhadap hasil belajar matematika siswa kelas 11
SD. Jurnal Didaktika Pendidikan Dasar, 5(2), 507—-522. https://doi.org/10.26811/didaktika.v5i2.319

Konig, J., Jager-Biela, D. J., & Glutsch, N. (2020). Adapting to online teaching during COVID-19 school
closure: teacher education and teacher competence effects among early career teachers in Germany.
European Journal of Teacher Education, 43(4), 608-622.
https://doi.org/10.1080/02619768.2020.1809650

Leithwood, K., Harris, A., & Hopkins, D. (2020). Seven strong claims about successful school leadership
revisited. School Leadership & Management, 40(1), 5-22.
https://doi.org/10.1080/13632434.2019.1596077

Jurnal Guru Dikmen dan Diksus |25



‘I]rlrlli)arl(()i\?i;g Physics Learning Outcomes through Two Stay Two Stray Cooperative Learning on Work and Energy: A

Classroom Action Research Study

Lucas, M., Bem-Haja, P., Siddiq, F., Moreira, A., & Redecker, C. (2021). The relation between in-service
teachers' digital competence and personal and contextual factors: What matters most? Computers &
Education, 160, Article 104052. https://doi.org/10.1016/j.compedu.2020.104052

Martin, F., Sun, T., & Westine, C. D. (2020). A systematic review of research on online teaching and
learning from 2009 to 2018. Computers & Education, 159, Article 104009.
https://doi.org/10.1016/j.compedu.2020.104009

Mayer, R. E., Fiorella, L., & Stull, A. (2020). Five ways to increase the effectiveness of instructional video.
Educational Technology Research and Development, 68(3), 837-852.
https://doi.org/10.1007/s11423-020-09749-6

Noetel, M., Griffith, S., Delaney, O., Harris, N. R., Sanders, T., Parker, P., del Pozo Cruz, B., & Lonsdale,
C. (2022). Multimedia Design for Learning: An Overview of Reviews With Meta-Meta-Analysis.
Review of Educational Research, 92(3), 413—-454. https://doi.org/10.3102/00346543211052329

Noetel, M., Griffith, S., Delaney, O., Sanders, T., Parker, P., del Pozo Cruz, B., & Lonsdale, C. (2021).
Video Improves Learning in Higher Education: A Systematic Review. Review of Educational
Research, 91(2), 204-236. https://doi.org/10.3102/0034654321990713

Pettersson, F. (2021). Understanding digitalization and educational change in school by means of activity
theory and the levels of learning concept. Education and Information Technologies, 26(1), 187-204.
https://doi.org/10.1007/s10639-020-10239-8

Rachmawati, Y., & Ernawati, T. (2018). Efektivitas model pembelajaran kooperatif tipe Two Stay Two
Stray terhadap hasil belajar IPA ditinjau dari motivasi belajar siswa. Natural: Jurnal Ilmiah
Pendidikan IPA, 5(1). https://doi.org/10.30738/natural.v5il1.2564

Rahmadani, J., Syahrir, M., & Allo, E. L. (2025). Effect of Two Stay Two Stray in discovery learning on
student outcomes. Jurnal IPA Terpadu, 9(2). https://doi.org/10.35580/jit.v9i2.9763

Rapanta, C., Botturi, L., Goodyear, P., Guardia, L., & Koole, M. (2020). Online University Teaching During
and After the Covid-19 Crisis: Refocusing Teacher Presence and Learning Activity. Postdigital
Science and Education, 2(3), 923-945. https://doi.org/10.1007/s42438-020-00155-y

Rusmiati, S. W. P., Latifah, N., & Fadillah, A. A. (2023). Pengaruh model pembelajaran Two Stay Two
Stray (TSTS) terhadap hasil belajar siswa mata pelajaran IPS kelas IV SD Negeri Kadu Sempur.
Jurnal Pendidikan Dasar, 14(1), 145-156. https://doi.org/10.21009/jpd.v14101.37857

Scherer, R., Howard, S. K., Tondeur, J., & Siddiq, F. (2021). Profiling teachers' readiness for online
teaching and learning in higher education: Who's ready? Computers in Human Behavior, 118, Article

106675. https://doi.org/10.1016/j.chb.2020.106675

Jurnal Guru Dikmen dan Diksus |26



‘I]rlrlli)arl(()i\?i;g Physics Learning Outcomes through Two Stay Two Stray Cooperative Learning on Work and Energy: A

Classroom Action Research Study

Selvianti, S., Ali, M. S., & Helmi, H. (2015). Pengaruh model pembelajaran kooperatif tipe Two Stay Two
Stray terhadap aktivitas dan hasil belajar fisika peserta didik kelas XIIA SMAN 1 Lilirilau. Jurnal
Sains dan Pendidikan Fisika, 11(1). https://doi.org/10.35580/jspf.v11i1.1463

Seufert, S., Guggemos, J., & Sailer, M. (2021). Technology-related knowledge, skills, and attitudes of pre-
and in-service teachers: The current situation and emerging trends. Computers in Human Behavior,
115, Article 106552. https://doi.org/10.1016/j.chb.2020.106552

Sims, S., & Fletcher-Wood, H. (2021). Identifying the characteristics of effective teacher professional
development: a critical review. School Effectiveness and School Improvement, 32(1), 47—63.
https://doi.org/10.1080/09243453.2020.1772841

Sitanggang, H. E., Tanjung, D. S., Silaban, P. J., Lumbanraja, B., & Manalu, R. B. B. (2026). Pengaruh
model pembelajaran Two Stay Two Stray terhadap hasil belajar siswa pada pelajaran IPAS kelas IV
sekolah dasar. School Education Journal PGSD FIP Unimed, 16(1).
https://doi.org/10.24114/sejpgsd.v16i1.67763

Skulmowski, A. (2024). Learning by Doing or Doing Without Learning? The Potentials and Challenges of
Activity-Based  Learning.  Educational  Psychology  Review, 36(1), Article 28.
https://doi.org/10.1007/s10648-024-09869-y

Sundararajan, N., & Adesope, O. (2020). Keep it Coherent: A Meta-Analysis of the Seductive Details
Effect. Educational Psychology Review, 32(3), 707-734. https://doi.org/10.1007/s10648-020-
09522-4

Sweller, J. (2020). Cognitive load theory and educational technology. Educational Technology Research
and Development, 68(1), 1-16. https://doi.org/10.1007/s11423-019-09701-3

Theobald, E. J., Hill, M. J., Tran, E., Agrawal, S., Arroyo, E. N., Behling, S., Chambwe, N., Cintrén, D. L.,
Cooper, J. D., Dunster, G., Grummer, J. A., Hennessey, K., Hsiao, J., Iranon, N., Jones, L., Jordt, H.,
Keller, M., Lacey, M. E., Littlefield, C. E., ..., Freeman, S. (2020). Active learning narrows
achievement gaps for underrepresented students in undergraduate science, technology, engineering,
and math. Proceedings of the National Academy of Sciences, 117(12), 6476-6483.
https://doi.org/10.1073/pnas. 1916903117

Tondeur, J., Petko, D., Christensen, R., Drossel, K., Starkey, L., Knezek, G., & Schmidt-Crawford, D. A.
(2021). Quality criteria for conceptual technology integration models in education: bridging research
and practice. Educational Technology Research and Development, 69(4), 2187-2208.
https://doi.org/10.1007/s11423-020-09911-0

Trust, T., & Whalen, J. (2020). Should Teachers be Trained in Emergency Remote Teaching? Lessons
Learned from the COVID-19 Pandemic. Journal of Technology and Teacher Education, 28(2), 189—
199. https://doi.org/10.70725/307718pkpjuu

Jurnal Guru Dikmen dan Diksus |27



‘I]rlrlli)arl(()i\?i;g Physics Learning Outcomes through Two Stay Two Stray Cooperative Learning on Work and Energy: A

Classroom Action Research Study

Wohlfart, O., & Wagner, 1. (2023). Teachers’ role in digitalizing education: an umbrella review.
Educational technology research and development, 71(2), 339-365. https://doi.org/10.1007/s11423-
022-10166-0

Wong, R. M., & Adesope, O. O. (2021). Meta-Analysis of Emotional Designs in Multimedia Learning: A
Replication and Extension Study. Educational Psychology Review, 33(2), 357-385.
https://doi.org/10.1007/s10648-020-09545-x

Jurnal Guru Dikmen dan Diksus |28



