Appendix A
Cognitive load questionnaire by Eysink et al. (2009).

	Type of cognitive load 
	Item


	ICL

	How easy or difficult do you consider probability theory at this moment?


	ECL: navigation

	How easy or difficult is it for you to work with the learning environment?


	ECL: design of the learning task

	How easy or difficult is it for you to work with the learning environment?


	ECL: accessibility of information

	How easy or difficult is it for you to distinguish important and unimportant information in the learning environment?


	GCL
	How easy or difficult is it for you to collect all the information that you need in the learning environment?


	Overall load
	How easy or difficult was it to understand the simulation?








Appendix B
Cognitive load questionnaire by Leppink et al. (2013).

	Type of cognitive load 
	Item


	ICL

	The topic/topics covered in the activity was/were very
complex.


	

	The activity covered formulas that I perceived as very
complex.


	

	The activity covered concepts and definitions that I
perceived as very complex.


	ECL

	The instructions and/or explanations during the activity
were very unclear.


	
	The instructions and/or explanations were, in terms of
learning, very ineffective.


	
	The instructions and/or explanations were full of un-
clear language.


	GCL
	The activity really enhanced my understanding of the
topic(s) covered.

	
	The activity really enhanced my knowledge and under-
standing of statistics.


	
	The activity really enhanced my understanding of the
formulas covered.


	
	The activity really enhanced my understanding of
concepts and definitions.








Appendix C
Cognitive load questionnaire by Leppink et al. (2014).

	Type of cognitive load 
	Item


	ICL

	The content of this activity was very complex.

	

	The problem/s covered in this activity was/were very complex.

	
	In this activity, very complex terms were mentioned.


	
	I invested a very high mental effort in the complexity of this activity.


	ECL

	The explanations and instructions in this activity were very unclear.

	
	The explanations and instructions in this activity were full of unclear language.

	
	The explanations and instructions in this activity were, in terms of learning, very ineffective.

	
	I invested a very high mental effort in unclear and ineffective explanations and instructions in this activity.


	GCL
	This activity really enhanced my understanding of the problem/s that was/ were covered.

	
	This activity really enhanced my knowledge of the terms that were mentioned.

	
	This activity really enhanced my knowledge and understanding of how to deal with the problem/s covered.

	
	I invested a very high mental effort during this activity in enhancing my knowledge and understanding.







Appendix D
Cognitive load questionnaire by Leppink et al. (2014).

	Type of cognitive load 
	Item


	ICL

	For this task, many things needed to be kept in mind simultaneously.


	
	This task was very complex.


	ECL

	During this task, it was exhausting to find the important information.


	

	The design of this task was very inconvenient for learning.


	
	During this task, it was difficult to recognize and link the crucial information.


	GCL
	I made an effort, not only to understand several details, but to understand the overall context.


	
	My point while dealing with the task was to understand everything correct.


	
	*The learning task consisted of elements supporting my comprehension of the task.




(*) Item only useful if GCL is varied on purpose in a given learning material (e.g., through prompts)







Appendix E
Overview of all meta-analysis-included studies for the reliability (internal consistency).

	Study
	Measured cognitive load types and their internal consistency (in Cronbach’s alpha)


	
	ICL
	ECL
	GCL

	
Leppink et al., 2013

	
	
	

	Debue, & Van De Leemput, 2014
	0.83
	0.70
	0.78

	Liao et al., 2019
	0.87
	0.91
	0.78

	Glogger-Frey et al., 2017

	
	0.70
	

	Schneider et al., 2018b (Exp. 2)

	0.89
	0.79
	0.87

	Schneider et al., 2018b (Exp. 3)

	0.63
	0.64
	0.94

	Stark et al., 2018
	0.88
	0.83
	0.94

	Thees et al., 2020
	0.70
	0.66
	0.86

	Schneider et al., 2019b
	0.82
	0.73
	0.82

	Andrade et al., 2015
	0.90
	0.88
	0.94

	Skulmowski & Rey, 2018
	0.86
	
	0.95

	Becker et al., 2020
	0.90
	0.60
	0.94

	Tang et al., 2019
	0.71
	0.46
	

	Skulmowski & Rey, 2020a

	
	0.79
	

	Petko et al., 2020
	0.96
	0.77
	0.95

	Dervić et al., 2019
	0.89
	0.57
	0.74

	Fanguy et al., 2019
	
	
	0.93

	Chung & Cheon, 2020
	
	0.92
	0.84

	Greenberg et al., 2021

	0.85
	0.69
	0.96

	Mikheeva et al., 2021

	0.87
	0.75
	0.93

	Thees et al., 2021
	0.85
	0.43
	0.89

	Schneider et al., 2021 (Exp. 1)

	0.89
	0.78
	

	Schneider et al., 2021 (Exp. 2)

	0.75
	0.84
	

	Wang et al., 2021 (Exp. 1)

	0.83
	0.91
	

	Wang et al., 2021 (Exp. 2)

	0.81
	0.94
	

	Davis et al., 2019
	0.84
	0.70
	0.90

	Schneider et al., 2018c (Exp. 2)

	0.89
	0.79
	0.95

	Beege et al., 2019 (Exp. 1)

	0.82
	0.69
	0.95

	Beege et al., 2019 (Exp. 2)

	0.86
	0.81
	0.91

	Schneider et al., 2018d (Exp. 2)
	0.89
	0.89
	

	Schneider et al., 2019a (Exp. 1)

	0.68
	0.53
	0.90

	Schneider et al., 2019a (Exp. 2)

	0.84
	0.59
	0.92

	Schneider et al., 2019a (Exp. 3)

	0.76
	0.38
	0.88

	
Leppink et al., 2014

	
	
	

	Colliot & Jamet, 2018

	
	0.89
	

	Altmeyer et al., 2020

	0.73
	0.38
	0.75

	Xiong, 2017

	0.83
	0.89
	0.81

	Liao et al., 2020

	0.91
	0.78
	0.86

	Stárková et al., 2019

	0.44
	0.80
	

	Anggraini et al., 2020

	
	0.83
	0.78

	Korbach et al., 2020 (t1)

	0.92
	0.65
	

	Korbach et al., 2020 (t2)

	0.96
	0.83
	

	
Klepsch et al., 2017

	
	
	

	Eitel et al., 2019
	0.77
	0.71
	

	Klepsch & Seufert, 2020 (Exp. 1)

	0.87
	0.75
	0.72

	Klepsch & Seufert, 2020 (Exp. 2)

	0.84
	0.71
	0.73

	Klepsch & Seufert, 2020 (Exp. 3)

	0.83
	0.80
	0.72

	Klepsch & Seufert, 2020 (Exp. 4)

	0.80
	0.84
	0.72

	Klepsch & Seufert, 2020 (Exp. 5)

	0.87
	0.72
	0.82

	Klepsch & Seufert, 2020 (Exp. 6)

	0.87
	0.79
	0.70

	Lehmann et al., 2019

	
	0.80
	0.86

	Skulmowski & Rey, 2020a

	
	0.88
	

	Skulmowski & Rey, 2020b

	
	0.88
	

	Skulmowski & Rey, 2020b

	
	0.90
	

	Beege et al., 2021
	0.75
	0.77
	

	Albus et al., 2021
	0.74
	0.73
	0.65

	Miller & Stenmark, 2020
	0.71
	0.69
	0.71

	Klepsch & Seufert, 2021

	0.79
	0.85
	0.77

	Klepsch & Seufert, 2021

	0.72
	0.71
	0.76

	Beege et al., 2021

	0.67
	0.80
	0.63

	Schrader et al., 2021
	0.84
	0.70
	0.77

	Bender et al., 2021 (t1)
	0.69
	0.79
	

	Bender et al., 2021 (t2)
	0.76
	0.86
	

	Bender et al., 2021 (t3)
	0.77
	0.86
	

	Bender et al., 2021 (t4)
	0.81
	0.87
	

	Bender et al., 2021 (t5)
	0.81
	0.90
	

	Wang et al., 2021 (Exp. 1)

	0.81
	0.76
	

	Thees et al., 2021
	0.55
	0.53
	0.62

	
Eysink et al., 2009

	
	
	

	Schneider et al., 2018d (Exp. 1)
	
	0.60
	

	Skulmowski et al., 2016
	
	0.68
	

	Nebel et al., 2016
	
	0.86
	

	Nebel et al., 2017b
	
	0.74
	

	Schneider et al., 2015
	
	0.59
	

	Nebel et al., 2017a
	
	0.49
	

	Beege et al., 2017
	
	0.81
	

	Skulmowski et al., 2018
	
	0.74
	

	Beege et al., 2019 (Exp. 1)
	
	0.83
	

	Beege et al., 2019 (Exp. 2)
	
	0.84
	



Note. For the Eysink et al. (2009) questionnaire, only the internal consistency for the ECL could be calculated, as it is measured with multiple items. ICL and GCL are measured with a single item. 






Appendix F
Overview of all meta-analysis-included studies for the construct validity.

	Study
	Construct validity – correlations


	
	ICL – ECL
	ECL – GCL
	ICL – GCL

	
Leppink et al., 2013

	
	
	

	Debue, & Van De Leemput, 2014

	.277
	-.470
	-.164

	Liao et al., 2019

	.150
	-.439
	-.202

	Schneider et al., 2018b (Exp. 2)

	-.009
	.310
	.005

	Schneider et al., 2018b (Exp. 3)

	.267
	.010
	-.179

	Stark et al., 2018

	.065
	-.509
	-.021

	Thees et al., 2020

	.200
	-.310
	.200

	Schneider et al., 2019b

	.310
	-.191
	-.211

	Skulmowski & Rey, 2018

	.292
	-.317
	.102

	Becker et al., 2020

	.544
	-.557
	-.234

	Tang et al., 2019

	.256
	
	

	Petko et al., 2020

	.427
	-.060
	.225

	Chung & Cheon, 2020

	
	-.449
	

	Gupta & Zheng, 2020

	.311
	-.264
	.216

	Mikheeva et al., 2021

	.586
	-.487
	-.477

	Thees et al., 2021

	.350
	-.210
	.230

	Schneider et al., 2021 (Exp. 1)

	.313
	
	

	Schneider et al., 2021 (Exp. 2)

	.136
	
	

	Wang et al., 2021 (Exp. 1)

	.638
	
	

	Wang et al., 2021 (Exp. 2)

	.456
	
	

	Schneider et al., 2018c (Exp. 2)

	.127
	.189
	.095

	Beege et al., 2019 (Exp. 1)

	.534
	-.454
	-.107

	Beege et al., 2019 (Exp. 2)

	.366
	-.362
	-.244

	Schneider et al., 2018d (Exp. 2)

	.408
	
	

	Schneider et al., 2019a (Exp. 1)

	.051
	.313
	.166

	Schneider et al., 2019a (Exp. 2)

	.108
	.345
	-.063

	Schneider et al., 2019a (Exp. 3)
	.044
	.444
	-.149

	
Klepsch et al., 2017

	
	
	

	Klepsch & Seufert, 2020 (Exp. 1)
	.530
	.315
	.604

	Klepsch & Seufert, 2020 (Exp. 2)
	.129
	-.066
	.434

	Klepsch & Seufert, 2020 (Exp. 3)
	.343
	-.094
	.315

	Klepsch & Seufert, 2020 (Exp. 4)
	.260
	-.254
	.059

	Klepsch & Seufert, 2020 (Exp. 5)
	-.056
	-.150
	.111

	Klepsch & Seufert, 2020 (Exp. 6)
	.355
	-.176
	-.015

	Beege et al., 2021
	.241
	
	

	Albus et al., 2021
	.230
	-.320
	-.140

	Miller et al., 2020
	.300
	-.160
	.360

	Beege et al., 2020
	.102
	-.158
	.277

	Bender et al., 2021 (t1)
	.545
	
	

	Bender et al., 2021 (t2)
	.530
	
	

	Bender et al., 2021 (t3)
	.667
	
	

	Bender et al., 2021 (t4)
	.675
	
	

	Bender et al., 2021 (t5)
	.705
	
	

	Thees et al., 2021
	.290
	-.022
	.260

	
Leppink et al., 2014

	
	
	

	Altmeyer et al., 2020
	.407
	-.389
	-.293

	Liao et al., 2020
	.610
	-.160
	-.110

	Stárková et al., 2020
	.197
	
	

	Korbach et al., 2020 (t1)
	.451
	
	

	Korbach et al., 2020 (t2)
	.306
	
	

	
Eysink et al., 2009

	
	
	

	Schneider et al., 2018d (Exp. 1)
	.113

	.216

	.240


	Skulmowski et al., 2016
	.283

	.526

	.307


	Nebel et al., 2016
	.799
	.806
	.753

	Nebel et al., 2017b
	.499
	.569
	.491

	Schneider et al., 2015
	.367

	.625

	.490


	Nebel et al., 2017a
	.520
	.397
	.401

	Beege et al., 2017
	.661

	.711

	.574


	Beege et al., 2019 (Exp. 1)
	.701

	.732

	.730


	Beege et al., 2019 (Exp. 2)
	.584
	.542
	.399



Note. All correlations are given in the Pearson’s product moment correlations metric.

Appendix G
Overview of all meta-analysis-included studies for the criterion validity (correlation of the cognitive load facets with learning performances).

	Study
	Criterion validity – correlations

	
	
	

	
	ICL – retention
	ECL – retention
	GCL – retention
	ICL – transfer
	ECL – transfer
	GCL – transfer

	
Leppink et al., 2013

	
	
	
	
	
	

	Liao et al., 2019

	
	
	
	-.135
	-.165
	.179

	Schneider et al., 2018b (Exp. 2)

	-.094
	-.184
	.018
	-.133
	-.196
	.149

	Schneider et al., 2018b (Exp. 3)

	-.291
	-.276
	.150
	-.297
	.017
	.169

	Stark et al., 2018

	-.095
	-.216
	.482
	
	
	

	Thees et al., 2020

	
	
	
	-.460
	-.030
	-.150

	Schneider et al., 2019

	-.281
	-.372
	.176
	-.066
	-.352
	.045

	Skulmowski & Rey, 2018

	-.116
	-.224
	-.019
	
	
	

	Tang et al., 2019

	.127
	-.255
	
	.005
	-.324
	

	Skulmowski & Rey, 2020a
	
	-.310
	
	
	
	

	Petko et al., 2020

	.020
	-.291
	.175
	
	
	

	Chung & Cheon, 2020

	
	-.107
	.174
	
	
	

	Mikheeva et al., 2021

	-.079
	-.047
	.198
	-.190
	-.143
	.239

	Thees et al., 2021

	-.070
	-.260
	.140
	
	
	

	Schneider et al., 2021 (Exp. 1)

	-.049
	-.223
	
	
	
	

	Schneider et al., 2021 (Exp. 2)

	-.146
	-.227
	
	
	
	

	Wang et al., 2021 (Exp. 1)

	.423
	.339
	
	-.171
	-.045
	

	Wang et al., 2021 (Exp. 2)

	.319
	.193
	
	-.461
	-.269
	

	Schneider et al., 2018c (Exp. 2)

	-.018
	.039
	.175
	-.123
	.113
	.092

	Beege et al., 2019 (Exp. 1)

	-.101
	-.213
	.314
	-.248
	-.457
	.223

	Beege et al., 2019 (Exp. 2)

	-.213
	-.191
	.019
	-.271
	-.305
	.192

	Schneider et al., 2018d (Exp. 2)
	-.023
	-.108
	
	-.037
	-.069
	

	Schneider et al., 2019a (Exp. 1)
	.009
	-.056
	.180
	.046
	-.062
	.180

	Schneider et al., 2019a (Exp. 2)
	-.177
	.318
	.390
	-.129
	.213
	.289

	Schneider et al., 2019a (Exp. 3)
	-.190
	.078
	.146
	-.198
	.074
	.293

	
Klepsch et al., 2017

	
	
	
	
	
	

	Klepsch & Seufert, 2020 (Exp. 3)
	-.295
	-.497
	.103
	-.485
	-.431
	-.107

	Klepsch & Seufert, 2020 (Exp. 4)
	.064
	-.060
	.261
	-.109
	-.151
	.320

	Klepsch & Seufert, 2020 (Exp. 5)
	-.054
	-.188
	.359
	-.140
	-.291
	.300

	Klepsch & Seufert, 2020 (Exp. 6)
	-.165
	-.100
	.269
	.434
	-.089
	.240

	Skulmowski & Rey, 2020a
	
	-.331
	
	
	
	

	Beege et al., 2021
	-.162
	-.352
	
	.137
	-.226
	

	Albus et al., 2021
	-.210
	-.200
	.340
	-.020
	-.350
	.300

	Beege et al., 2020
	-.148
	-.121
	.153
	-.126
	-.064
	.173

	Bender et al., 2021 (t1)
	-.243
	-.169
	
	-.242
	-.257
	

	Bender et al., 2021 (t2)
	-.255
	-.125
	
	-.165
	-.289
	

	Bender et al., 2021 (t3)
	-.153
	-.219
	
	-.205
	-.261
	

	Bender et al., 2021 (t4)
	-.242
	-.185
	
	-.276
	-.251
	

	Bender et al., 2021 (t5)
	-.239
	-.238
	
	-.291
	-.347
	

	Thees et al., 2021
	-.100
	-.150
	.120
	
	
	

	
Leppink et al., 2014

	
	
	
	
	
	

	Colliot & Jamet, 2018
	
	.254
	
	
	.185
	

	Altmeyer et al., 2020
	-.074
	.032
	-.152
	-.182
	-.054
	-.013

	Liao et al., 2020
	.570
	.410
	.230
	
	
	

	Stárková et al., 2019 (retention measured immediately)

	-.070
	-.212
	
	-.126
	-.205
	

	Stárková et al., 2019 (retention measured delayed)

	-.153
	-.124
	
	-.041
	-.145
	

	Korbach et al., 2020 (t1, transfer)
	
	
	
	-.487
	-.459
	

	Korbach et al., 2020 (t2, transfer)
	
	
	
	-.438
	-.300
	

	Korbach et al., 2020 (t1, retention = identification)

	-.431
	-.526
	
	
	
	

	Korbach et al., 2020 (t2, retention = identification)

	-.315
	-.434
	
	
	
	

	Korbach et al., 2020 (t1, retention = terminology)

	-.479
	-.507
	
	
	
	

	Korbach et al., 2020 (t2, retention = terminology)

	-.422
	-.322
	
	
	
	

	
Eysink et al., 2009

	
	
	
	
	
	

	Schneider et al., 2018d
	-.339

	-.153
	-.262
	-.213

	,042

	-,260


	Skulmowski et al., 2016
	-.245

	-.298

	-.256

	-.108

	-,076

	-,074


	Nebel et al., 2016
	-.303

	-.316
	-.265

	-.347

	-,346

	-,256

	Nebel et al., 2017
	-.192

	.025

	.011

	-.082

	-,186

	-,363


	Schneider et al., 2015
	-.238

	-.302

	-.285

	-.228

	-,278

	-,280


	Nebel et al., 2017
	-.023

	.011

	-.019

	.296

	,344

	,107


	Beege et al., 2017
	-.068

	-.197

	-.243

	-,100

	-,167

	-,057


	Skulmowski & Rey, 2018
	
	-.220

	
	
	
	

	Beege et al., 2019 (Exp. 1)
	-.429

	-.361

	-.368

	-.363

	-,218

	-,239


	Beege et al., 2019 (Exp. 2)
	-.124
	-.233
	-.156
	-.197
	-,072
	-,092



Note. All correlations are given in the Pearson’s product moment correlations metric.




Appendix H
Overview of all meta-analysis-included studies for the criterion validity (correlation of the cognitive load facets with prior knowledge).

	Study
	Criterion validity – correlations


	
	ICL – prior knowledge

	ECL – prior knowledge
	GCL – prior knowledge

	
Leppink et al., 2013

	
	
	

	Liao et al., 2019

	-.147
	-.081
	.243

	Schneider et al., 2018b (Exp. 2)

	-.011
	-.020
	.074

	Schneider et al., 2018b (Exp. 3)

	-.094
	-.155
	-.097

	Stark et al., 2018

	.023
	-.065
	.087

	Thees et al., 2020

	-.350
	.000
	-.170

	Schneider et al., 2019b

	.015
	.073
	-.070

	Tang et al., 2019

	-.099
	-.052
	

	Petko et al., 2020

	.044
	-.092
	.167

	Chung & Cheon, 2020

	
	-.038
	-.096

	Mikheeva et al., 2021

	-.272
	-.373
	.286

	Thees et al., 2021

	-.020
	-.190
	-.090

	Schneider et al., 2021 (Exp. 1)

	-.238
	-.218
	

	Schneider et al., 2021 (Exp. 2)

	.105
	-.025
	

	Wang et al., 2021 (Exp. 1)

	-.036
	-.104
	

	Wang et al., 2021 (Exp. 2)

	-.054
	.160
	

	Schneider et al., 2018c (Exp. 2)

	.011
	-.010
	.158

	Beege et al., 2019 (Exp. 1)

	-.205
	-.458
	.373

	Beege et al., 2019 (Exp. 2)

	-.277
	-.062
	-.069

	Schneider et al., 2018d (Exp. 2)
	-.154
	-.164
	

	Schneider et al., 2019a (Exp. 2)
	-.218
	-.236
	.127

	Schneider et al., 2019a (Exp. 3)
	-.179
	.117
	.170

	
Klepsch et al., 2017

	
	
	

	Klepsch & Seufert, 2020 (Exp. 3)
	-.260
	-.203
	-.138

	Klepsch & Seufert, 2020 (Exp. 4)
	-.124
	-.169
	-.289

	Klepsch & Seufert, 2020 (Exp. 5)
	.653
	-.188
	.155

	Klepsch & Seufert, 2020 (Exp. 6)
	-.501
	-.343
	.350

	Beege et al., 2021
	-.083
	-.121
	

	Albus et al., 2021
	-.190
	-.170
	-.070

	Klepsch & Seufert, 2021 (Exp. 1)
	-.140
	-.240
	.100

	Klepsch & Seufert, 2021 (Exp. 2)
	-.260
	-.180
	.100

	Beege et al., 2020
	-.102
	.043
	-.008

	Bender et al., 2021 (t1)
	-.220
	-.175
	

	Bender et al., 2021 (t2)
	-.269
	-.111
	

	Bender et al., 2021 (t3)
	-.198
	-.142
	

	Bender et al., 2021 (t4)
	-.305
	-.238
	

	Bender et al., 2021 (t5)
	-.311
	-.274
	

	Thees et al., 2021
	-.120
	-.070
	.050

	
Leppink et al., 2014

	
	
	

	Colliot & Jamet, 2018
	
	.006
	

	Altmeyer et al., 2020
	.093
	.139
	-.167

	Korbach et al., 2020 (t1)
	-.328
	-.254
	

	Korbach et al., 2020 (t2)
	-.287
	-.002
	

	
Eysink et al., 2009

	
	
	

	Schneider et al., 2018d (Exp. 1)
	.246
	-.022
	.047

	Skulmowski et al., 2016
	-.044
	.031
	-.036

	Nebel et al., 2016
	-.544
	-.565
	-.499

	Beege et al., 2017
	-.159
	-.176
	-.227

	Beege et al., 2019 (Exp. 1)
	-.169
	-.045
	-.141

	Beege et al., 2019 (Exp. 2)
	-.094
	-.101
	-.229



Note. All correlations are given in the Pearson’s product moment correlations metric.


Appendix I
Differences in validity scores with regard to prior knowledge of learners
Methods
All included studies were coded in terms of prior knowledge of the participants. It was rated if the participants had no/low prior knowledge or high prior knowledge. This was done by searching out whether the authors explicitly mentioned this either directly in the manuscript (e.g., “The participants had low prior knowledge”) or whether this is evident on the basis of the prior knowledge test. Based on the meta-analysis of Schneider and colleagues (2018a), no/low prior knowledge was rated if participants scored below 50% of the maximum prior knowledge score and high prior knowledge score was assigned if participants scored above 50% of the maximum prior knowledge score. Not all studies reported information to rate prior knowledge of the participants and thus, were excluded from this analysis. Nevertheless, 36 experiments could be identified with no/low prior knowledge learners and 10 experiments could be identified with high prior knowledge learners. The final number of studies for each analysis depends on the available data and can be found in the table below. The data analysis was identical to the main analyses in the manuscript with the exception that it was not separated between questionnaires. Otherwise, the number of studies would be too small for meta-analyses. 
Results and Discussion
Results for the moderator analyses regarding prior knowledge are outlined in the following table:
	Measure
	k
	r
	p
	95% CI


	
	
	
	
	Lb
	Ub


	
ICL – ECL

	
	
	
	
	

	low prior knowledge

	33
	.398
	< .001
	.310
	.480

	high prior knowledge

	5
	.455
	< .001
	.328
	.566

	
ECL – GCL

	
	
	
	
	 

	low prior knowledge

	23
	.214
	.040
	.010
	.400

	high prior knowledge

	2
	-.401
	< .001
	-.506
	-.285

	
ICL – GCL

	
	
	
	
	

	low prior knowledge

	23
	.159
	.064
	.009
	.319

	high prior knowledge

	1
	-.244
	.006
	-.401
	-.072

	
ICL - retention

	
	
	
	

	

	low prior knowledge

	32
	-.177
	< .001
	-.212
	-.143

	high prior knowledge

	7
	-.146
	.344
	-.423
	.156

	
ECL - retention

	
	
	
	
	

	low prior knowledge

	35
	-.167
	< .001
	-.220
	-.114

	high prior knowledge

	9
	-.195
	.074
	-.393
	.019

	[bookmark: _Hlk86937699]
GCL - retention

	
	
	
	
	

	low prior knowledge

	22
	.038
	 .501
	-.072
	.147

	high prior knowledge

	2
	.090
	 .247
	-.063
	.238

	
ICL - transfer

	
	
	
	
	

	low prior knowledge

	28
	-.154
	< .001
	-.203
	-.103

	high prior knowledge

	5
	-.359
	< .001
	-.475
	-.233

	
[bookmark: _Hlk86999715]ECL - transfer

	
	
	
	
	

	low prior knowledge

	29
	-.145
	< .001
	-.214
	-.075

	high prior knowledge

	5
	-.271
	< .001
	-.394
	-.140

	
GCL - transfer

	
	
	
	
	

	low prior knowledge

	20
	.023
	.649
	-.075
	.120

	high prior knowledge

	1
	.192
	.031
	.018
	.355



[bookmark: _GoBack]Note. k = number of studies (or experiments); Lb and Ub = lower and upper bounds, respectively, of the 95% confidence interval around the overall correlation estimate

Whereas most validity estimates were not influenced, differences were found with respect to the construct validity (ECL - GCL and ICL - GCL) and criterion validity (ICL - transfer). Considering low-prior knowledge learners, small to medium positive correlations between ECL/ICL and GCL ratings were observed. In contrast, considering high-prior knowledge learners, medium to large negative correlations between ECL/ICL and GCL could be shown. Results with regard to high-prior knowledge learners were rather conform with assumptions formulated by the CLT. A more complex learning content as well as a bad design require cognitive resources, which means fewer resources are available for germane processes. This result was in particular expected for low-prior knowledge learners. Unfortunately, low-prior knowledge learners showed opposite results. ICL and ECL are positively associated with GCL. A possible explanation is that in particular low-prior knowledge learners are not able to differentiate between the cognitive load types based on the design and wording of the current questionnaires. Learners may associate a complex learning environment as well as a complex design of the learning environment with the active processing required for processing the environment without differentiating between passive load induced through the information and design complexity and active load necessary for schema construction. Contradictory findings were found for the correlation between ICL and transfer performance as well. Whereas high prior knowledge learner showed a large negative correlation, low prior knowledge learner showed a small negative correlation between ICL and transfer. According to the CLT, the opposite effect was expected since in particular, low-prior knowledge learners should experience a higher ICL which might result in lower transfer performance. Again, the use of the cognitive load questionnaires might be a possible explanation. Since subjective ratings are measured, low-prior knowledge learner might have difficulties in assessing the complexity of the material and may underestimate it. Consequently, a lower correlation with transfer performance could be estimated across studies. This is a further explanation for a limited construct validity as discussed above. Consequently, the need for a cognitive load questionnaire that effectively differentiates between cognitive load types and that is understandable and intuitively answerable in particular for low-prior knowledge learners. Nevertheless, it has to be mentioned that the number of studies with available prior knowledge information was low (in particular with respect to high-prior knowledge learners). Furthermore, all questionnaires were considered together for this analysis to investigate an acceptable number of studies. Consequently, explanations on the basis of item formulations are not possible (or only to a limited extend). Thus, results have to be interpreted with caution.
