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Appendix B

Coding Schemes for Theory-driven Moderators
	Variables
	Description
	Examples

	Study characteristics

	Study design
	 
	

	  	True experiment
	A study where participants are randomly assigned to control and experimental groups.
	

	  	Quasi experiment
	A study where participants are not randomly assigned to conditions. 
	

	Target language
	 
	

	  	Native language
	The language that participants learned is their first language. 
	

	  	Foreign language
	The language that participants learned is not their first language. 
	

	Artificial language
	The language that has been experimentally constructed, rather than a naturally occurring native or foreign language.
	· Pseudoword 
· Vimmi word

	Proficiency level
	
	

	 	Beginner
	Learners who are at an early stage of acquiring the target language, with minimal prior knowledge.
	· The pre-test score is low
· The reported language level is beginner 

	Intermediate/advanced
	Learners who have some prior knowledge and can engage with more complex language tasks.
	· The reported language level is intermediate or advanced 

	Design characteristics 
	 

	Type of embodied interaction
	 
	 

	  	Body-based 
	Using learners’ bodies to represent, conceptualize, or encode information.
	· Act out verbs
· Use the finger to trace word shapes in the air

	  	Object-based
	Involves external physical interaction with objects or the environment.
	· Grab and move virtual objects in VR


	Immersion 
	 
	 

	  	No technology
	Learners use their bodies to physically interact with real-world objects and environments.
	· Total physical response
· Act out verbs

	  	Screen-based 
	Learners interact with digital content through a non-immersive 2D screen.
	· Tablet


	  	Semi-immersive 
	Learners interact with a digital space that responds to bodily input but is not fully immersive.
	· Kinect-based learning


	  	Fully immersive 
	Learners are immersed in a 3D virtual space using VR headsets or motion sensors.
	· Manipulate objects in VR


	Amount of sensorimotor engagement
	 
	 

	               Localized movement
	The intervention involves partial body engagement, primarily using hands and arms.
	· Perform iconic gestures by hands

	  	Whole-body
	The intervention requires full-body movement to physically embody the meaning of the word. 
	· Jump, crawl, or dance by moving the entire body

	Movement-meaning congruency
	 
	

	  	Congruent
	Bodily actions are meaningfully related to the target word meaning, such that the movement helps to represent, reinforce, or simulate the meaning of the material being learned.
	· Act out “jump” by jumping
· Mime “drink” by bringing a hand to the mouth

	  	Non-congruent
	Bodily actions are not semantically related to the target word meaning.
	· Select a target object
· Navigate in VR
· Handwriting

	Outcome characteristics
	
	

	Post-test time
	
	

	               Immediate
	The learning assessment is administered directly after the learning.
	

	               Delayed
	The learning assessment is administered at least one day after the learning.
	



Coding Schemes for Exploratory Moderators
	Variables
	Description
	        Examples

	Type of control group
	
	

	   	Passive non-embodied 
	Learning happens through observation or listening, with no action initiated by the learner.
	· Watching a video
· Reading a textbook

	   	Active non-embodied 
	Learners actively engage mentally with the content, but it does not involve bodily movement that supports learning.
	· Repeat the word loudly


	Movement autonomy
	 
	

	  	Directed movement
	Learners are given a movement task with step-by-step instructions regarding the movement, including when, how, and which body parts to use. 
	· Doing the same action as presented in the video

	  	Non-directed movement
	Learners are given a movement task, but without step-by-step instructions.
	· Learners can decide to act out “dog” in any way that helps them remember


Grouping
	  	Individual
	Learners completed the learning tasks alone.
	· Learning occurs individually

	  	Collaborative
	Learners engaged in the task together through interaction. 
	· Learning in pairs or in small groups

	Gamification
	 
	 

	  	Yes
	The learning activity integrates educational content with game elements (e.g., competition, rewards) to make learning more interactive, engaging, and goal-driven.

	· Learners compete with each other to translate the words

	  	No
	The intervention did not include any explicit game-based components.
	 

	Contextual learning
	 
	 

	  	Yes
	The learning experience occurred in a context that connects real-world use of the target language and students’ personal experience.

	· Learning vocabulary in a relatable scenario, e.g., learn animal names on a farm

	  	No
	The learning process is abstract, decontextualized, or does not explicitly relate to real-world experiences.
	· Learning vocabulary without providing any applicable or situational contexts

	  Assessment method
	 
	 

	  	Free recall
	Participants retrieved the learned material without cues.
	· Listing all remembered words without any hint

	  	Cued recall
	Participants retrieved the learned material with the aid of cues.
	· Dictation task, translation task

	
	
	

	  	Recognition
	Participants identified the correct previously learned information among the given distractors.
	· Multiple-choice tests, Lexical decision tasks, Word-meaning matching tasks

	  	Comprehension
	Participants are assessed based on their understanding and interpretation of the learned material in context.
	· Choose the verb to fill the blank in a sentence

	  	Mixed
	A combination of multiple assessment methods listed above.
	· Multiple assessments to measure the vocabulary learning outcomes

	  	Others
	The assessment method is not clearly described in the study, nor fall outside traditional linguistic assessment categories.
	· Tasks evaluating handwriting quality, e.g., letter script stroke direction, letter script overall legibility



Appendix C

Exploratory Analysis Results for Vocabulary Learning Gains (Between-subject studies)
	Category
	Codes
	k
	Hedges’ g
	95% CI
	F
	      p

	Control group characteristics
	Passive non-embodied
	92
	0.43
	[0.16, 0.69]
	5.89
	.02

	
	Active non-embodied
	98
	0.86
	[0.60, 1.12]
	
	

	Movement autonomy
	Directed
	101
	0.56
	[0.29, 0.83]
	0.97
	.33

	
	Non-directed
	89
	0.73
	[0.47, 0.99]
	
	

	Grouping
	Individual
	175
	0.61
	[0.40, 0.83]
	0.84
	.36

	
	Collaborative
	15
	0.91
	[0.31, 1.51]
	
	

	Game-based learning

	Yes
	15
	0.88
	[0.32, 1.44]
	0.74
	.39

	
	No
	175
	0.61
	[0.40, 0.83]
	
	

	Contextual learning
	Yes
	14
	0.82
	[0.34, 1.30]
	0.59
	.44

	
	No
	176
	0.62
	[0.40, 0.84]
	
	

	Assessment methods







	Free recall
	22
	0.54
	[0.10, 0.98]
	3.57
	.61

	
	Cued recall
	97
	0.78
	[0.52, 1.05]
	
	

	
	Recognition
	33
	0.45
	[0.07, 0.82]
	
	

	
	Comprehension
	15
	0.77
	[0.23, 1.31]
	
	

	
	Mixed
	13
	0.51
	[-0.19, 1.20]
	
	

	
	Others
	10
	0.59
	[0.05, 1.14]
	
	


















Exploratory Analysis Results for Vocabulary Learning Gains (Within-subject studies)
	Category
	Codes
	k
	Hedges’ g
	95% CI
	F 
	      p 

	Control group characteristics
	Passive non-embodied
	57
	0.13
	[-0.14, 0.41]
	1.15
	.28

	
	Active non-embodied
	195
	0.30
	[0.16, 0.45]
	
	

	Movement autonomy
	Directed
	221
	0.29
	[0.16, 0.42]
	2.19
	.14

	
	Non-directed
	31
	0.15
	[-0.06, 0.35]
	
	

	Game-based learning

	Yes
	1
	0.13
	[-0.92, 1.18]
	0.07
	.79

	
	No
	251
	0.27
	[0.14, 0.40]
	
	

	Contextual learning
	Yes
	20
	0.43
	[0.18, 0.68]
	2.23
	.14

	
	No
	232
	0.25
	[0.11, 0.39]
	
	

	Assessment methods







	Free recall
	39
	0.29
	[0.10, 0.48]
	0.31
	.99

	
	Cued recall
	145
	0.27
	[0.12, 0.42]
	
	

	
	Recognition
	15
	0.24
	[-0.01, 0.48]
	
	

	
	Comprehension
	24
	0.27
	[0.01, 0.53]
	
	

	
	Mixed
	26
	0.33
	[-0.09, 0.76]
	
	

	
	Others
	3
	0.21
	[-0.31, 0.72]
	
	



Note. Moderator analyses for grouping were not conducted because all included studies employed individual learning (k = 252), resulting in insufficient variability for meaningful moderator testing.

















Appendix D

Between-subject designs
When calculating pooled standard deviations, two formulas were used, considering whether studies provided pretest data or not (Wilson, 2023): The formula was used when the studies only reported post-test means and standard deviations; the Spooled was based on post-test standard deviations. 



Note. s1 post-test​ is the post-test standard deviation of Group 1 (i.e., control group); s2 post-test​ is the post-test standard deviation of Group 2 (i.e., experimental group); n1 and n2 represent the sample sizes for Group 1 and Group 2, respectively. 

Within-subject designs
Within-subject effect sizes were computed using paired standardized mean differences, where s1 ​ and s2​ represent the standard deviations for Group 1 and Group 2, respectively, and n represents the paired sample size.
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