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multimedia learning 3
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214-219, 221
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principle 230-232,
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equivalent 120-121
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67, 89-90
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instructional content
conditions 402-403,
410-411
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conditions 402-403,
410-411
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meaning of 8
purpose of 134
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coherence principle 3 -
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implications 161-162
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research on 149-153
seductive details 147
seductive illustrations 130,
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language differences,
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languages, non-native see
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research on 193-201
learning processes
science of assessment 96-
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processes 57-59
see also cognitive processing
learning styles see learning
preferences hypothesis
learning theories
evidence base 33
goal of research 3

Index

role in multimedia
design 33-39
see also cognitive theory of
multimedia learning
lightning storm development
example
cognitive theory of
multimedia learning 47-
49
coherence principle 145,
149-153-154-156
extraneous cognitive
processing 139-140
modality principle 282-
283-284, 292
multimedia instructional
messages 71-77
multimedia principle 117,
129
personalization
principle 306-309,
311-312
redundancy principle 194
science of assessment 99-
101
segmenting principle 248-
250
spatial contiguity
principle 214-218, 221
temporal contiguity
principle 228-230, 234
voice principle 323-324,
326-329
limited capacity assumption
cognitive theory of
multimedia learning 34,
36-37, 40-41
spatial contiguity
principle 222
log file mining 110-111
long-term memory
evolution of cognitive
theory of multimedia
learning 56
forms of representation 50
memory stores 41-42

machine voices 85
boundary conditions 322
case against voice
principle 325-326
case for voice principle 326
implications of 329
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machine voices (cont.)

active processing

see also segmenting

limitations and future
research 329
personalization
principle 323, 326-329
research on 326-329
voice cues 323-326,
327-328
voice principle 85, 322

mapping (as generative

activity) 372-373,
380-381

meaningful learning

active learning 21-23, 288
cognitive processing 134,
306, 411
dual-channel
assumption 286
generative activity
principle 389-390
as learning outcome 3
meaning of 20

modality principle 295-296

multimedia instructional
messages 124

redundancy principle 192,
201

segmenting principle 252

signaling principle 181-182

spatial contiguity
principle 192

temporal contiguity
principle 229-230,
237-239

transfer tests as measure
of 105

media effects, vs. multimedia

effects 123-125

memory storage

cognitive theory of
multimedia learning 40-
41-42

coherence principle 152

modality principle 285-286

note-taking 378-380

spatial contiguity
principle 221-222

temporal contiguity
principle 230-232

see also retention tests;
sensory memory; working
memory

mental effort 109-110-112
mental models

assumption 37-39
cognitive theory of
multimedia learning 41—
42-47, 221-222
generative activity
principle 374, 383-384,
389
generative processing 52-53
multimedia principle 117,
121-123
pre-training principle 266
processing of pictures 47-48
see also pictorial models
messages, definition 67, 89
see also multimedia
instructional messages
metacognition 37
metacognitive skills
generative activity
principle 377
segmenting principle 258,
261-262
modality effect 286-288,
291-292, 293
modality principle 281
boundary conditions 281,
292, 293-295, 402-403
conditions where it does not
apply 290-291, 293
empirical rationale 281
essential processing
overload 244-245,
282-284
implications of 296
limitations and future
research 296-297
managing essential
cognitive processing 244,
245-247, 400-401
modality off-loading 282-
284
research on 288-295
spatial contiguity
principle 223
theoretical rationale 281
“model of meaningful
learning” 55-56
modes see presentation modes;
representation modes,
dual-channel assumption;
sensory modalities
modular presentation
250-252

principle
modular vs. molar teacher
approach 257
molar vs. modular teacher
approach 257
motion picture technology 11-
12
motivation to learn
coherence principle 162
evolution of cognitive
theory of multimedia
learning 57-59
multimedia instructional
design 306
motivational design
principles 406-407
multimedia, meaning of 90
multimedia design
boundary conditions 402-
403
cognitive capacity 52-53
fostering generative
cognitive processing 85,
401-402
goals of 53-55
looking back at how far we
have come 403-405
looking forward to possible
new directions 405-408
managing essential
cognitive processing 85,
400-401
modality principle 295, 296
motivation 306
reducing extraneous
cognitive processing 84-
85, 399-400
role of learning theories 33-
39
scientific approach 414
summary of principles 397,
398-399
two approaches to 11-15
multimedia effects, vs. media
effects 123-125
multimedia instruction
characteristics of a scientific
experiment 87-88
definition 3
effect sizes 88-89
experimental comparison 86
historical context 4
meaning of 4-7
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multimedia instructional

messages 84-86
characterization 3, 8-11
cognitive load theory 306
cognitive theory of

multimedia learning 59
coherence principle 161
definition 67
embodiment principle 353-

354
evidence basis 66-67,

89-90
formats and topics 67-71
fostering meaningful

learning 306
future of multimedia

learning 412
generative activity

principle 390
how brakes work 77-80
how lightning storms

develop 71-77
how plants grow 82-84
how pumps work 80-82
image principle 338
immersion principle 367
meaning of 8
meaningful learning 124
multimedia effects vs. media

effects 124
multimedia principle

implications 134-135
in multimedia research 24-

25
personalization

principle 310-311,

317-318
pre-training principle 277
redundancy principle 201-

204
segmenting principle 248-

252, 261
signaling principle 182
spatial contiguity

principle 222-223
temporal contiguity

principle 239-240
voice principle 323-324,

329
see also multimedia design;

multimedia instruction;

science of instruction
multimedia learning
case for 7-8

coherence principle 161

definition 3, 32

effectiveness of dual format
lessons 118-119

embodiment principle 352-
353

fostering meaningful
learning 306

future of 408-413

generative activity
principle 389-390

image principle 337-338

immersion principle 366

learner’s information
system 59

modality principle 295-296

multimedia instructional
messages 59

multimedia principle 133-
134

personalization
principle 317

pre-training principle 276-
277

as process 59

redundancy principle 201-
202

research basis 1

segmenting principle 260

signaling principle 181-182

spatial contiguity
principle 220-222

summary of principles 398-
399

temporal contiguity
principle 239

three metaphors of 15-18

understanding approaches
to 3

voice principle 329

see also cognitive theory of
multimedia learning

multimedia learning outcomes
see learning outcomes
multimedia principle 2

boundary conditions 117,
130, 132-133, 402-403

effect sizes 126-128, 130

effectiveness of
multimedia 118-119

empirical rationale 117

evidence base 126-128

generative processing 118,
134

Index

implications of 133-135
lightning storm
example 117, 129
limitations and future
research 135
research on 125-133
research questions 4-7
theoretical rationale 117
words and pictures as
different 119-120
words and pictures
as informationally
equivalent 120-121
words and pictures
as qualitatively
different 121-123

multimedia research

future of 408-413

goals of 3, 23-24

summary of principles 398-
399

three essential elements 24-
25

music see background music

narrated animations

coherence principle 158-
160

embodiment principle 350

generative activity
principle 384

how brakes work 79-80

how pumps work 81-82

lightning storm
development 74-77

modality principle 288, 292

multimedia instructional
messages 67-70

multimedia principle 125-
133

personalization 308

pre-training principle 266-
268, 270

redundancy principle 187-
193, 194, 201, 202-203-
204

segmenting principle 252-
260

signaling principle 172

temporal contiguity
principle 228-230, 231-
232, 234, 235-236-237

see also spoken words; voice
principle
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narrated slideshows signaling principle 171 visual signaling 169

how brakes work 80 words 45 words and pictures

image principle 336 overload are qualitatively

lightning storm see essential processing different 121-123
development 77 overload see also mental models

pictorial representation of
instructor see onscreen
agents
picture placement see spatial
contiguity principle
picture-based cues 167-168
see also visual signaling
pictures/pictorial forms
case for integrating words
and pictures 213-214

multimedia instructional
messages 67-70 pacing see learner pacing
redundancy principle 195- Pasteur’s Quadrant 23-24
196 pause buttons, segmenting
negative face 313 principle 259, 261-262
neural transmission pen strokes 413
example 177-180, performance see learning
342-344 outcomes; retention tests;
no learning 3, 19 transfer tests

note-taking (summarizing periodic pauses, segmenting
information) 377-380 principle 259, 261-262
objectivity, science of
assessment 109-112
ocean waves example 156
Ohm’s Law 252-260, 385-386
onscreen agents
boundary conditions 331
case against 334, 344-345
case for 333-334, 345
embodiment principle 341,
342-344
empirical rationale 331, 341
image principle 331
as instructional format 67-
70
making the instructor
visible 332-334
research implications 337-
338, 352-355
research on 335-337,
346-352
theoretical rationale 331,
341
voice principle 327,
328-329
organizational graphics 131
organizing
active learning 39
cognitive theory of
multimedia learning 42-
47
examples of cognitive
processing 47-49
forms of representation 49-
50
images 45-46
pre-training principle 277
segmenting principle 260

personalization principle 305

boundary conditions 305,
313, 316-317
case against 309-310
case for 310-311
empirical rationale 305
examples 305, 306-309
fostering generative
cognitive processing 303,
401-402
image principle 333-334
implications of 317-318
learning alone as a social
event 306-309
limitations and future
research 318-319
multimedia instructional
methods 85
research on 311-317
theoretical rationale 305
voice principle 323,
326-329

phonological loops 288
pictorial models

dual-channel
assumption 34-36
five forms of
representation 49-50
integrating word-based
and image-based
representation 46-47
organizing selected
images 45-46
processing of pictures 47-
48
segmenting principle 252
selecting relevant
images 44

case for separating words
and pictures 212-213,
230-232

cognitive theory of
multimedia learning 42-
47-48

coherence principle 145-
154

design principles 74

effectiveness of
multimedia 118-119

formats and topics 67-70

forms of representation 49-
50

imagining principle 383-
384

integrating 46-47

interesting but irrelevant
material 148-149

meaning of multimedia
instruction 6

organizing 45-46

representation of 49-50

selecting 44

visual/spatial processing
channel 34-36

words and pictures as
different 119-120

words and pictures
as informationally
equivalent 120-121

words and pictures
as qualitatively
different 121-123

see also graphic types;
seductive illustrations

plant growth example

immersion principle 362-
363

© in this web service Cambridge University Press

www.cambridge.org



www.cambridge.org/9781107187504
www.cambridge.org

Cambridge University Press
978-1-107-18750-4 — Multimedia Learning
Richard E. Mayer

Index

More Information

multimedia instructional
messages 82-84
science of assessment 104-
105
pointing gestures 179, 181
polite conversational
style 308-309, 313-314,
316-317
positive face 313
post-questionnaires 109-110
posttest design
embodiment principle 348-
350

existing knowledge 106-109

generative activity
principle 386-387
learner characteristics 113

prediction questions, science of

assessment 99, 100, 102
preferences see learning
preferences hypothesis
presence, immersion
principle 366
presentation modes
cognitive theory of
multimedia learning 47-
49
comparison with other
views 10-11
multimedia instructional
methods
multimedia messages 3, 9
multimedia principle
research 125-133
pretest-posttest design 106-
109, 113
pre-training principle 265,
266-268
boundary conditions 265,
276
empirical rationale 265
essential cognitive
processing 267-269
essential processing
overload 244-245,
266-268
implications of 276-277
limitations and future
research 277-278
managing essential
cognitive processing 244,
245-247, 400-401
relationship to existing
knowledge 269, 276, 278

research on 269-276
theoretical rationale 265
see also existing knowledge
printed words
cognitive theory of
multimedia learning 49

modality principle 284-286,

288, 293-294-295, 296
redundancy principle 203-
204
see also spatial contiguity
principle
printed-word path, learning
preferences 187-190
prior knowledge see existing
knowledge
probability example 257
procedures (as knowledge
type) 32
processing see cognitive
processing
Profile Game example 270-
272
programmed instruction 12-
13
prompts, to promote active
learning 371-376
see also generative activity
principle
pulley system example 276
pumps see bicycle pumps
example

qualitative rationale 7-8
quantitative rationale 7-8
questionnaires

existing knowledge 106-109

science of assessment 109-
110

self-report surveys 109-110,
412-413

radio, historical context 12

random assignment 87-88

randomized controlled
experiments 87-88

recall see retention tests

redesign questions, science
of assessment 99, 100,
102

redundancy effect 192-193,
198

redundancy principle 84-85,
186

Index 429

boundary conditions 186,
199-201
effect sizes 194, 195
empirical rationale 186
evidence base 193-199
implications of 201-204
introduction to 187-193
learning preferences
hypothesis 187-190
limitations and future
research 203-204
reducing extraneous
processing 140, 399-400
research on 193-201
theoretical rationale 186
remembering, as learning
outcome 18-21
see also memory storage;
retention tests
replication of research 409
representation for words and
pictures
active processing
assumption 37-39
forms in cognitive theory of
multimedia learning 49-
50
integrating 46-47
representation modes, dual-
channel assumption 35-
36
representational graphics 131
research see applied research;
basic research; multimedia
research; scientific
experiments
respiratory system
example 313
response strengthening
comparison with other
views 17-18
multimedia learning 3,
15-16
retention tests
cognitive load 109-110
existing knowledge 106-109
generative activity
principle 384
graphic advance
organizers 132
how brakes work 101-103
how plants grow 104-105
how pumps work 103-104
learning outcomes 98-99
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retention tests (cont.)
lightning storm
development 99-101
personalization
principle 318
redundancy principle 199
signaling principle 182
spatial contiguity
principle 219, 221
temporal contiguity
principle 235-236
see also science of
assessment; transfer tests
rote learning 3, 20

schemas 50
science of assessment 2
how brakes work 101-103
how plants grow 104-105
how pumps work 103-104
importance of 96, 113
learner characteristics 96-
97, 105-109, 113
learning outcomes 96-97,
98-99
learning processes 96-97,
109-112, 113
lightning storm
development 99-101
meaning of 95, 96-97
in multimedia research 24-
25, 96-97
useful measure
characteristics 97-98
science of instruction 2
evidence-based research 63,
64-65, 66-67
experimental comparison 86
instructional objectives 66
meaning of 64-65
meaning of instruction 65-
66
in multimedia research 24-
25
see also multimedia
instructional messages
science of learning (SOL)
application to education 414
assumptions about
learning 34
how people learn 29-30
meaning of 31
in multimedia research 24-
25
research goals 23-24

theory-grounded
understanding 31
see also multimedia learning
scientific experiments
as approach to
understanding multimedia
design 398-399, 414
characteristics of 87-88
effect sizes 88-89
experimental
comparisons 86
replication, extension and
expansion 409-410
science of assessment 97-98
second language learning
modality principle 290-291,
294
personalization
principle 316-317
redundancy principle 196-
197, 200
voice principle 328-329
seductive details
arousal theory 148
boundary conditions 153
case against 148-149
case for 148
emotional design
principles 405-406
personalization as similar
to 309-310, 316, 318
research on 149-153
types of 147
seductive illustrations
case against 148-149
coherence principle 147
multimedia principle 130
research on 149-153
seductive text 147
segmenting principle 247,
248-252
boundary conditions 247,
259-260
and embodiment 345
empirical rationale 247
essential processing
overload 244-245
implications of 260-261
limitations and future
research 261-262
managing essential
cognitive processing 244,
245-247, 400-401
multimedia instructional
methods

optimal size 262
research on 252-260
slideshows 247
theoretical rationale 247
selecting
active learning 39
cognitive theory of
multimedia learning 42-
47
essential cognitive
processing 244
examples of cognitive
processing 47-49
forms of representation 49-
50
images 44
segmenting principle 260
signaling principle 171
words 43-44
self-efficacy beliefs 58,
406-407
self-explaining
generative activity
principle 374-375,
385-386
meaningful learning 21
self-report surveys 109-110,
412-413
self-testing (as generative
activity) 374, 384-385
sensory memory
cognitive theory of
multimedia learning 40-
41-42
evolution of cognitive
theory of multimedia
learning 56
memory stores 41-42
picture processing 47-48
word processing 48-49
sensory modalities
comparison with other
views 10-11
dual-channel
assumption 35-36
forms of representation 49-
50
multimedia messages 3,
9-10
separating words and
pictures 212-213,
230-232
see also spatial contiguity
principle; temporal
contiguity principle
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signaling principle 84-85, social agency theory 310-311, specific pointing gestures 179,
166, 167-169 317 181
boundary conditions 166, social context split-attention principle 219,
402-403 embodiment principle 341, 233, 287

case against adding 171
case for adding 171
effect sizes 166
and embodiment 345
embodiment principle 351
empirical rationale 166
implications of 181-182
limitations and future
research 182
reducing extraneous
processing 140
research on 171-177-181
and segmenting 258-259
theoretical rationale 166

simulation games

generative activity
principle 385-386

how plants grow 82-84

image principle 335

immersion principle 362-
363, 366

modality principle 288-290

multimedia instructional
messages 67-70

personalization
principle 307-308-309,
312-313-314

pre-training principle 270-
272-273, 277

redundancy principle 194-
195

segmenting principle 258

see also virtual reality
lessons

simultaneous

presentation 229-230
case for and case
against 230-232
implications for multimedia
learning 239-240
research on 233-239
see also temporal contiguity
principle

situation model 52-53
slideshows

modality principle 290

segmenting principle 247,
248-252, 253-256

see also narrated
slideshows

soap example 382-383

345, 350-351, 353-354
learning alone as a social
event 306-309
making the instructor
visible 332-334
personalization and social
cues 310-311, 317
voice principle 323-324,
326, 327-328-329
social processes 58
solar cells example
embodiment principle 342-
344
image principle 336
segmenting principle 254-
255
voice principle 325, 327
sounds see auditory/verbal
processing channel
space as an economic
resource 208-212
see also spatial contiguity
principle
spatial contiguity
principle 84-85, 207
boundary conditions 207,
219-220
case for integrating words
and pictures 213-214
case for separating words
and pictures 212-213
coherence principle 223
as complementary to
temporal contiguity
principle 239-240
distinction from
temporal 232-233
empirical rationale 207
implications of 220-223
keywords 278
limitations and future
research 223
modality principle 223
reducing extraneous
processing 140, 399-400
research on 214-220
space as an economic
resource 208-212
theoretical rationale 207
speaker’s image see image
principle; onscreen agents

spoken words
cognitive theory of
multimedia learning 48-
49
modality principle
284-286, 288, 293-294-
295, 296
redundancy principle 203-
204
social cues 310-311
temporal contiguity
principle 228-230
see also auditory/verbal
processing channel;
narrated animations;
personalization principle;
temporal contiguity
principle; voice
spoken-word path, learning
preferences 187-190
spreadsheet skills example 275
statistics examples 257,
406-407
steamboats example 378, 381
storage function (note-
taking) 378-380
strategies (as knowledge
type) 32
subjectivity, science of
assessment 109-112
successive presentation
229-230
case for and case
against 230-232
implications for multimedia
learning 239-240
research on 233-239
see also temporal contiguity
principle
summarizing information 371-
372, 377-380
symbols, coherence
principle 154-157

talk and chalk lectures 354
teaching (as generative
activity) 376, 386
technology-centered approach
comparison with learner-
centered approach 15
delivery media 9, 10-11
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technology-centered
approach (cont.)
to multimedia design 11-13
multimedia messages 3
problems with 11-13
see also computer-based
learning; digital age;
virtual reality lessons
temporal contiguity
principle 84-85, 227,
228-230
boundary conditions 227,
236-237, 240-241
case for separating words
and pictures 230-232
as complementary to spatial
contiguity principle 239-
240
distinction from
spatial 232-233
and embodiment 345
empirical rationale 227
implications of 239-240
limitations and future
research 240-241
and the modality effect 287
reducing extraneous
processing 140, 399-400
research on 233-239
theoretical rationale 227
testing effect 106, 384-385
tests see learning outcomes;
retention tests; science of
assessment; transfer tests
text-based cues 167-168
see also verbal signaling
textbook-based learning
coherence principle 155-
156
how space is used 131
learning alone as a social
event 306-309
meaningful learning 124
multimedia effects vs. media
effects 123-125
multimedia principle 125-
133
in multimedia research 67
multimedia types 6
personalization
principle 315
spatial contiguity
principle 208-212,
216-218-219

see also words
theory-grounded
principles 31
three-dimensional (2D)
graphics
see also simulation games;
virtual reality lessons
training, use of the modality
principle 292
transfer tests
cognitive load 109-110
embodiment principle 346-
352
existing knowledge 106-
109, 132-133
generative activity
principle 377-389
graphic advance
organizers 132
how brakes work 101-103
how plants grow 104-105
how pumps work 103-104
image principle 335-337
immersion principle 357,
363-364, 366
interesting but irrelevant
material 149-153
learning outcomes 99
lightning storm
development 99-101
modality effect 286-288
modality principle 288-295
multimedia principle 125-
133
personalization
principle 313-314-315,
318
pre-training principle 269-
276
redundancy principle 193,
194-195, 196, 197-198,
199-201
segmenting principle 252,
256-257-260
signaling principle 177-181,
182
spatial contiguity
principle 207, 213-214-
219, 221
summary of principles 398-
399
temporal contiguity
principle 235-236, 238
voice principle 326-329

see also retention tests;
science of assessment
transferable knowledge 20
see also transfer tests
triarchic model, cognitive
capacity 52-53, 56
troubleshooting questions
pre-training principle 275-
276, 292
science of assessment 99,
100, 102, 103-104
two-dimensional (2D)
graphics 366
see also simulation games

understanding, as learning
outcome 18-21
see also transfer tests
“use-inspired basic
research” 24, 31

value added approach, learning
outcomes 86
verbal forms
auditory/verbal processing
channel 34-36
meaning of multimedia
instruction 6
see also auditory/verbal
processing channel; words
verbal redundancy 200
verbal signaling 166
airplane lift example 168-
169
boundary conditions 166,
176-177
common features 168
empirical rationale 166
implications of 181-182
research on 171-177
text-based cues 167-168
theoretical rationale 166
video games see computer
games; virtual reality
lessons
videos see instructional videos
Virtual Factory example 313-
314
virtual reality lessons
boundary conditions 357,
365-366
case against 361
case for 361
empirical rationale 357
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generative activity
principle 371-373
immersion principle 357
implications of 366-368
multimedia instructional
messages 67-70
personalization
principle 313
potential of presence 358-
360
research on 362-366
theoretical rationale 357
visible author style 315
visual signaling 166
airplane lift example 169
boundary conditions 166
empirical rationale 166
implications of 181-182
research on 177-181
theoretical rationale 166

visual/spatial processing channel

dual-channel
assumption 34-36

limited capacity
assumption 36-37

modality off-loading 282-284

modality principle 286,
295-296

picture processing 47-48

temporal contiguity
principle 231-232

visual-spatial sketch pad 288

vocal stress 173-174

voice cues 323-326, 332-334

voice principle 85, 322
boundary conditions 322
case against 325-326
case for 326
and embodiment 351-352
empirical rationale 322

fostering generative
cognitive processing 303,
401-402

implications of 329

limitations and future
research 329

personalization
principle 323, 326-329

research on 326-329

theoretical rationale 322

voice cues 323-326,
327-328

voiceover see narrated

animations; narrated
slideshows; spoken words

word placement see spatial
contiguity principle
wording see conversational style
words
case for integrating words
and pictures 213-214
case for separating words
and pictures 212-213,
230-232
cognitive theory of
multimedia learning 42-
47, 48-49
coherence principle 145-
154-157
effectiveness of
multimedia 118-119
forms of representation 49-
50
integrating 46-47
interesting but irrelevant
material 148-149
meaning of multimedia
instruction 6
modality principle 284-286

Index

organizing 45
representation of 49-50
selecting relevant
words 43-44
words and pictures as
different 119-120
words and pictures
as informationally
equivalent 120-121
words and pictures
as qualitatively
different 121-123
see also auditory/verbal
processing channel;
printed words; spoken
words

working memory

cognitive capacity 50-53

cognitive theory of
multimedia learning 40-
41-42

coherence principle 153,
160

forms of representation 49-
50

memory stores 41-42

modality principle 286-288,
293

picture processing 47-48

pre-training principle 276

segmenting principle 248,
252, 259-260

spatial contiguity
principle 213-214

temporal contiguity
principle 231-232,
237-239, 240-241

word processing 48-49

written words see printed

words
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