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academic culture, 244, 252, 260

access, 42—44, 109, 172-74, 176, 177,
179, 180, 229-31, 250, 255, 263

access, remote, 168-70, 173, 177, 180

accessibility, 11, 29, 65, 191, 192, 203

accreditation, 70, 75, 263

ADDIE model, 47

affordability, 259

age, 21, 31, 69, 71, 73, 75-78, 102, 251,
260, 261

agriculture, 218, 227, 229

animal behaviour, 172

apparatus, 84, 85, 87-89, 93, 97—
100, 107, 122, 136, 143, 172

astronomical camera, 171

attendance, 102, 103, 110, 123, 125,
224, 225, 229

Australia, 61-78
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Bachelor of Engineering (BE), 69-70

balance, 89, 98, 203, 211

Bangladesh Open University
(BOU), 214, 216, 229

barrier, 52, 109, 196, 215, 243, 248—
53, 260, 264

BE. See Bachelor of Engineering

biochemistry, 85, 113

biological science(s), 109-116, 193,
202-3, 227, 238, 241

biotechnology, 113, 115

block laboratories, 113, 240

book, 42, 99, 249, 250, 252, 254, 258

book, course, 220-22, 225

Bugscope, 171

C

Calculator-Based Laboratory (CBL),
137
campus, 76, 84, 87, 96, 105, 111-13,
116, 134-35, 167, 198, 235-36,
238-42, 244, 250, 263—64
campus, regional, 235, 239-44
Canada, 86, 90, 95, 100, 102, 137, 260
cartography, 153
cell biology, 112, 181. See also
biological sciences
CEQ. See Course Experience Ques-
tionnaire
change, 40, 47, 48, 52, 61, 75, 138,
142, 200, 204, 205, 244, 247-49,
253, 260-62, 265
chemical
flammable, 94, 98, 100
toxic, 94, 100
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chemistry, 19, 24-26, 83-107, 148,
171, 181, 193, 196, 199—200,
202-7, 227, 238, 248

chemistry course, 19, 240

chemistry experiment, 85, 96, 101

chemistry laboratory, 205

chemistry program, 86

CMC. See computer-mediated
communication

collaboration, 10, 43, 56, 73, 172,
179, 181, 257

computer-based simulation. See
computer simulation

computer-mediated communica-
tion (CMC), 42, 67, 73

computer simulation, 74, 84, 109,
132-3, 167, 170, 178, 192, 225

consortia, 181

consumables. See materials,
consumable

contingency-based framework,
61, 68, 69, 77

correspondence-based DE (also
correspondence courses),
40, 131-133, 215, 255, 256, 259
cost(s)
(general) 5, 84, 87, 89, 90, 111,
135, 137, 138, 141, 144, 180, 181,
191, 192, 196-208, 225, 230,
242, 250
capital, 144, 198
construction, 198-99, 207
full, 197, 202
location, 198-99, 202
shipping costs, 90, 201-3
course difficulty, 21, 28, 30

Course Experience Questionnaire

(CEQ), 62
course team, 220, 221
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D

delivery technologies, 258
delivery
online, 67, 73, 238
print-based, 238
demonstrator, 75, 92, 93, 105, 121, 239
developing country, 213-15, 224,
225, 229-31
dialogue
instructional, 19, 20, 29
interpersonal, 19-24, 26-27, 29,
31, 32
intrapersonal, 19-21, 23-25
digital video disk. See DVD
disposal procedure, 92
DVD (digital video disk), 92, 93,
256, 259, 264

E

earth sciences, 147-203
earthquake, 148, 155
ecology, 113, 163, 203
education
flexible, 61, 62, 64, 65, 67-9, 77, 78
off-campus, 66, 67, 69, 73, 114
online, 76, 265
e-learning (electronic learning),
8, 43—45, 66, 219, 231
electrical engineering, 169
electron microscope, 171, 181
electronic engineering, 181
electronics, 74, 169
engagement, 1, 2, 12, 76, 173, 225,
257-59
engagement technologies, 259
engineering
electrical, 169
electronic, 181
food, 171



engineering education, 69, 71,
181-85
enrolment, 66, 137, 203-5, 207, 214,
218, 227, 236, 240, 249
entrance requirements, 252
environment
digital, 151
home, 87, 93, 100, 220, 225
immersive, 11-13
learning, 33, 43—44, 46, 63, 65—
66, 76
remote, 176, 180
virtual laboratory, 132, 170
equipment, 84, 89-92, 112, 122, 125,
133, 135, 140, 141, 143, 170, 175,
177, 180-82, 198, 200-2, 240
laboratory, 83, 84, 239, 259
virtual laboratory, 259
equity, 237
European Union (EU), 181
experience
virtual laboratory, 170
experiment
hands-on (also hands-on exer-
cise), 84, 85, 97, 131, 133, 147,
149, 151, 192
home, 83-107, 132, 134, 204
internet-based laboratory, 8s,
202, 215, 256, 263
kitchen chemistry, 85, 101
Millikan’s oil drop, 171
practical, 83, 85
quantitative, 90, 99, 132, 135
experimental errors, 178
external institutions, 44, 196

F

feedback, 3, 41, 48, 50, 64, 73, 74,
122, 155, 162, 173, 175, 195, 221,

224, 255, 257

field trip, 155, 162

field work, 149, 151, 162, 163, 165,
224

financing, 175

fiscal pressure, 180

flexi-school, 238, 239. See also
school

flexibility, 8, 10, 64-66, 70, 112, 139,
178, 195, 225, 230, 231, 256, 264

flexible learning, 42, 43, 67, 70-72,
235, 238, 244, 256

full costing, 197. See also cost
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gender, 31, 249, 250, 264

geographic information systems
(GI18), 150, 151

geography, 147, 150, 151, 161-65,
179, 193, 245

geology, 147, 149, 152, 153, 156, 157,
161, 164, 165, 193, 202, 203. See
also earth sciences

geomagnetic observatory, 171

geomatics, 147

GIS. See geographic information
systems

global unifying factor, 253

Google Earth, 152

greenhouse, 172

H

Hawthorne effect, 175

hazardous experiment, 96, 178, 179

historical geology, 153

home experiments, 83-107, 132,
134, 204

home experiment Kkit, 87, 91, 92,
95, 103-6, 191
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home lab kit, 85, 132, 135, 137, 192,
194, 197-201, 203-5

home laboratory, 102, 131, 133-38,
144, 192-94, 197, 199, 200-205

Hubble space telescope, 168

human biology, 112. See also

physiology

information and communications
technologies (ICT), 13, 42,
65-67, 219, 229, 230
information technology (IT)
support, 45, 46, 176, 197
interactive robotic operations, 172
institutional supports, 192, 197
instructional design, 22, 29, 175, 248
instructional development team,
37,39, 41
instructional strategies, 27, 29, 54
instructor availability, 22
Intelligent Flexible Learning DE,
43
interaction
student-content, 4-7, 10, 12, 13
student-student, 4, 7-13, 173, 231
student-teacher, 3-6, 8, 10, 255
interpretation of data, 87
interpretation of results, 105
IT support. See information
technology (IT) support

K

kinetics, 171
kitchen chemistry, 83-8s. See also
home chemistry

L

laboratory
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(general), 81, 85, 93, 94, 99-101,
117, 169-70, 173, 175, 176, 181,
196, 201, 239—41, 257, 258, 263—4
on-campus, 106, 134, 144, 182,
200, 201. See also residential
laboratory
optics, 181
real, 170, 178, 179
remote, 169
residential, 192, 195-205, 207
virtual, 2, 37, 84, 132, 133, 170,
178, 241, 259
laboratory demonstrator, 75, 92,
93, 105, 239. See also labora-
tory instructor
laboratory environment, remote,
174, 175, 180
laboratory environment and
human interaction, 174
laboratory equipment, 83, 84, 239,
259
laboratory exemption, 65, 67, 74,
124
laboratory experience, virtual, 170
laboratory experiment, internet-
based, 85, 202, 215, 256, 263.
See also internet-based
practical
laboratory instructor, 143, 193,
195, 199. See also laboratory
demonstrator
laboratory kit, 85, 110-12, 132-35,
137-41, 143, 167, 192, 194,
197-200, 202, 203, 241, 256
laboratory kit, partial, 204, 205
laboratory program, 87, 96, 101,
110-13, 123-25, 191, 192, 194,
197-205, 207
home, 194, 197, 199-207



on-campus, 200, 201, 207
residential, 124, 192, 194, 201, 204
laboratory report, 103, 105, 134, 195
laboratory staff, 193, 195
laboratory work, 11, 74, 75, 86, 88,
105, 113, 151, 178, 191, 192, 215,
218, 220, 22426, 228, 229, 241
Labview, 176
language, 13, 241-43, 245, 254
language barrier, 243
leadership, 38, 50
Learner Experience Design
Framework, 76
LearNet, 181, 185

learning
active, 63, 258
blended, 65

collaborative, 3, 12, 43, 76, 259—
61, 164, 165, 225, 259—-61
e-learning, 8, 4345, 66, 219, 231
flexible, 42, 67, 72, 235, 238, 245,
256
independent, 37, 41, 241
individualized, 7, 9, 12, 193, 255
m-learning, 180, 219, 231
prior, 71
self-paced, 10
learning management systems
(LMS), 43, 180
learning style, 65, 161, 249, 250, 255
lifelong learner, 75
limits of flexibility, 65, 69, 78
literacy, 237, 257, 264

M

manipulation, 84, 87, 98, 169, 171,
172

Material Safety Data Sheet
(MSDS), 96

materials
(general), 21, 41, 49, 62-64, 66,
725, 92, 93, 102, 149, 155-57,
161, 162, 200, 220-22, 238-39,
258-60
consumable, 198, 200, 201, 203,
240, 241
print-based, 72
printed, 91, 92
printed course, 220, 222
measurement, 88, 120, 140, 142,
170-172
media choice, 72, 218, 230
“medium is the message”, 252
mega-university, 215, 231
microbiology, 113, 203. See also
biological sciences
Millikan’s oil drop experiment,
171
mineralogy, 147, 152, 156
m-learning, 180, 219, 231
mobile devices, 180
mobile phone, 230, 231
modular curriculum, 70
multi-media DE, 40
multimedia, 150, 152, 192
multipliers of human capabilities,
253, 254

N

National Science Foundation, 181

negotiation, 38, 43, 50

Network for Education —
Chemistry, 181

non-ideal result, 178

novelty, 136, 175, 180
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observation, 87, 88, 92, 132, 143,
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147-49, 151, 152, 155-57, 17072,
202, 264

Occupational Health and Safety
(OH&S), 90, 93

off-campus education, 66, 67, 69,
73,114

off-campus student. See student,
off-campus

on-campus laboratory program,
200, 201, 207. See also labora-
tory program, residential

on-campus laboratory, 106, 134,
144, 182, 200, 201. See also
laboratory, residential

online delivery, 67, 73, 238

online education, 76, 265

opportunity, 8, 12, 22, 41, 46, 63,
66, 73, 124, 125, 215, 216, 248,
249, 254, 256, 257, 259, 260,
264, 265

outcome

instructional, 21
learning, 7, 12, 54, 67, 133, 144,

149, 157, 174, 175, 185

P

password protection, 176

PC Anywhere, 176

PC Duo, 176

PEARL project (Practical Experi-
mentation by Accessible
Remote Learning), 181

personal attention, 255

petrology, 147, 152, 156

physical props, 156

physics, 24, 26, 28, 131, 133, 135-37,
139, 143-45, 148, 169, 182-84,
193, 202, 203, 227

physiology, 112, 203
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POIT-EM, 171
practical, internet-based, 74,
See also experiment, internet-
based laboratory
practical experiment, 83, 85
practical skills, 88, 114, 124, 178,
215, 224, 226-28, 231
practical work, 86, 87, 106, 107,
109, 113, 167, 220, 223—25, 230,
239, 240, 256
practicum, 169
print, 219, 220, 231
prior knowledge, 21
program
chemistry program, 86
home laboratory, 194, 197, 199-
207
laboratory, 87, 96, 101, 110-13,
123-25, 191, 192, 194, 197—205,
207
on-campus laboratory, 200, 201,
207
residential laboratory, 124
project management, 38, 46, 49
ProLearn, 181, 186

Q

qualifier exercises, 174, 177

qualitative demonstration, 135

quality function, 62, 79

quality improvement, 63

quantitative experiments, 90, 99,
132, 135

R

radio, 41, 219, 248, 254

recognition of prior learning
(RPL), 70-71

recording, 87, 222



audio, 72
video, 19
remote access, 168-70, 173, 177, 180
remote control, 168, 181, 185
remote environment, 176
remote laboratory, 169, 170, 172-
75, 178-82
remote laboratory environment,
176
remote sensing, 147, 150, 157
residential institution, 180
residential laboratory, 192, 195-205,
207
residential laboratory program,
124, 192, 194, 201, 204
residential laboratory school, 83,
113
residential school, 83, 103-6, 111,
113, 115, 121, 123-25, 249
resources
human, 20, 22, 23, 27, 29, 31
institutional, 179
remedial, 177
structural, 20-24, 29, 31, 32
risk assessment, 93-94
RPL. See recognition of prior
learning

S

safety audit, 96

safety consideration, 93

safety demands, 168

safety information, 96

safety instructions, 92, 96
safety issue, 90, 91, 93, 103, 263
safety requirement, 9o
satellite tutorial, 238
scheduler, 177

school

flexi-school, 238
residential, 83, 1036, 111, 113,
115, 121, 123-25, 249
residential laboratory, 83, 113
weekend, 111-13
science literacy, 257, 264
seismology, 148
self-contained site, 176
self-paced setting, 10
self-paced study, 8
self-testing, 155, 174
simulation. See computer simula-
tion
SMS (short message service), 230
social capital, 7, 9, 524, 227
social field, 52
social negotiation, 38, 50
social software, 9, 13, 37
soil science, 147, 164
specimen, 112, 152, 171, 241
staff, 49, 63, 66, 71, 75, 76, 84, 193,
240, 242, 244, 245
Stardial, 171, 185
student(s)
campus-based, 19, 20, 26, 27, 31
first generation, 251
mature-age, 69, 71, 75
oft-campus, 66-67, 72, 73, 75,
92, 104, 105, 114, 237
on-campus, 66, 67, 72, 75, 83,
105, 106, 115, 119—21, 123
student-centredness, 259
student confidence, 114-125, 128
student performance, 10, 101, 103,
105, 106, 174, 200
subject matter expert, 45

T

teaching
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dialogic, 19-32, 38
attributes of excellent, 65, 67, 74,

124

tactical approaches to learning, 32

tactical approaches to study, 27,
32,35

TC. See tutorial centre

technical support, 240

technique, 8, 9, 11-13, 54, 84-85,
88, 92, 93, 97, 98, 104, 105, 109,
124, 125, 151, 152, 165

technique course, 150

telelearning DE, 41, 43

television, 41, 191, 219, 120, 254, 259

Theory of Instructional Design, 34

Theory of Instructional Dialogue,
21

Theory of Transactional Distance,
19

time on task, 21

TMA (tutor-marked assignment),
226

total quality management, 62

transactional distance, 19

travel, 83, 84, 111, 133, 202, 203,
205, 241, 242, 253

trial and error, 25, 178

tutor-marked assignment (TMA),
226

tutorial centre (TC), 216, 220,
223-24, 226-28

tutorial visit, 238

two-way communiation, 73, 74

U

utilization rate, 21

\

video, instructional, 93

282 -+ ACCESSIBLE ELEMENTS

video broadcast, 238, 240

video conferencing, 238

video demonstration, 105, 167

video recording, 19

virtual laboratory environment,
132, 170

virtual laboratory equipment, 259

vision, 49, 93, 191, 248, 253, 261

W

Web, the, 62, 72, 170, 257, 259, 264,
265. See also World Wide Web

Web camera, 172, 177

world economy, 248

World Wide Student Laboratory,
181

World Wide Web, 164, 170. See
also Web, the

X

x-ray diffraction, 171



