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Introduction

What is an Ambient Display?

Ambient Displays are designed as everyday, peripheral 
information sources that visualise useful data in a way 
that can be attended to when possible. 
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Introduction

Research Overview
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Longitudinal overview of the various forms of Ambient 
Displays over a twenty-year period

Establishing a sound basis for further reviews or studies 
related to this technology.

A comprehensive timeline of past work in the field of 
Ambient Display



The Field of Ambient Display

Historical Context

The University of Newcastle www.newcastle.edu.au4

• Technology first recorded in the academic literature in the 
mid-1990s 

• Calm Technology. A desire less intrusive displays in a noisy 
world of dynamic and ubiquitous information

• The field of Ambient Display forming in response to Calm 
Technology.  



The Field of Ambient Display

Historical Context
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• Some existing narrative reviews have surveyed restricted 
portions of the existing literature  

• These previous reviews do attempt to cover the majority of 
historical examples of Ambient Display

• This study takes a longitudinal approach in systematically 
reviewing the first two decades of the technology’s 
development 

1. Provide a comprehensive timeline of historical studies in the field
2. Offer a sound basis for detailed meta-analysis of the technology
3. Act as an introduction to the field’s progression across the design, 

development and evaluation of the technology 



Systematic Review

Methodology
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• Disparate nomenclature increased the difficulty in selecting 
appropriate search terms. Various naming conventions 
found to describe the base technology of Ambient Display

• Ambient Display, Ambient Information System, and 
Peripheral Display as key terms for search. Due to their 
reoccurring use throughout the field

• Data gathered from ACM Digital Library, IEEE Xplore, 
Scopus and Web of Science. Covering years from 1996 and 
2016. 



Systematic Review

Search Results
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15,693
documents

410 
unique 

documents 

Literature Assessment
1. Papers checked to determine if they described 

Ambient Display Technology. Design, 
implementation or theory.  

2. Technology assessed against two archetypical 
descriptors of Ambient Display

3. Determination of if the described technology 
conformed to ideals of Calm Technology

4. Literature covering digital signage, advertising 
displays and interactive systems such as 
computer gaming were excluded 



Systematic Review

Search Results
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Relevant literature found to cover four different research areas

1. Design and development (n=254)

2. Development (n=115)

3. Evaluation (n=7)

4. Theory or classification (n=34)



Systematic Review

Search Results
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Within these studies were 459 Ambient Displays that were 
classified according to three general attributes which were 
found to reoccur across these implementations. 

Modality

• An Ambient 
Display’s 
mode of 
output

Physical Form

• An Ambient 
Display’s 
physical form

Interaction 
design

• Approach to 
interaction 
design 



Modalities 

Search Results
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Output modalities across the review 
displays was found to be diverse covering:

• Light based implementations (n=348) –
Physical lights, project images, traditional 
computer screens

• Multimodal implementations (n=54)

• Object movement (n=32)

• Sound (n=12)

• Vibration (n=9)

• Olfaction (n=2) 

• Temperature (n=2)   

Ambient Display - Modality
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Ambient Display - Modality
1996-2016

Sound

Light

10

20

30

40

50

0

Multimodal
Movement

Other

2
3

1

6.1
5
4

6.3
6.2

7.3
7.2
7.1

9
8

10 14

13.2
13.1
12
11

13.3

21.2

20
19

21.3
22

16

18.1
17

18.2

18.4
18.3

21.2

25

23
24

29
28
27

30.1

26

31
30.3
30.2

32

35.1
34
33.2
33.1

37.1
36
35.2

40
39
37.2

43.1

42.2

46.3
47

42.3

42.1
41

46.2
46.1
45
43.2

52
51
50
48

53.2

59

53.1

54
53.5
53.4
53.3

55

58
57.2
57.1
56

60

75
72,2

71

66
65
64
63
62
61

78
77
76

67

72.1

70.2
70.1 86

85
84
83.2
83.1
82
81
80
79

97

98.5

98.2
98.1

96
93
92.2
92.1

87

89
88.3
88.2
88.1

98.6

91
90.4

90.2
90.3

98.4
98.3

100
99

144

153
152
151
149

146

137
136
135

125

131
130

128
127
126

148.4
148.3
148.2
148.1
147

145

139.2

134
133

129.2
129.1

141
140

139.1
138

168

165.1

163
162
161
159.3
159.2
159.1
158

156
154

175.2

178
177.2

176

174

169

179

173
172

177.1

157

167
165.2

164

170.2
170.1

175.1

108
107
104.5
104.4
104.3
104.2
104.1

101

124
123
122
121

109

119
118

111

102
103

116
113

197.1

186
185

183
182

180

198

197.3

181.1
181.2

184.2
184.1

196
195.2

201

197.4

199

187.1

189
188

190.2

187.2

190.3

194

191
192
193

195.1

200.2

197.2

200.1

200.3

203
202

190.1

205

240
239

236

234
233

204

217
216
215

213

206

229.2

212
210
208
207

214

219

228.2

222
223

221
220

228.3

228.1

225

224.1

226

224.2

231
230

232

235.1
235.2

238.3
238.2
238.1
237

238.4

229.1

254
253
252
251
250
249
248
247

245

242
241

244

261

258
257
256

268
267
266

260

265

263
264

259.2

255

262.2
262.1

259.1

246.2
246.1

294
292

289

273

283
281
279

277
276
275
274

272

286
285
284

287

291
290

295.2

288.2

278.2

269

295.3

295.1

278.1

288.1

301
300

298

296

311

309
307
306
305
304
302

320

326
324
323
321

328

312.1

316.2

312.2

299.3

299.1

297.2

299.2

297.3

297.1

316.1

317

315
314
313

318
319

310

362
347
361
360
359
356
355

343
342
341
340
339
338
337
336
335
334
333
331
330
329

353
352
349
348
347
346

344

354

345.3

345.1
345.2

365
363

366

389

409.2

406
403
402
401

388

386
385
384
383

380
381
382

379
378
377
376
374
373
372
371
370
369.2

368

410

397
396
395
393
392
391

399

367.4
367.5

409.1
408
407.3
407.2
407.1

400.2
400.1

387.4
387.3
387.2
387.1

369.1

367.2
367.1

367.3

367.6

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016



Physical Form 

Search Results

The University of Newcastle www.newcastle.edu.au12

Two diverging approaching to display 
physicality found across implementations: 

• Screen based displays (n=49% -
n=224/459). Utilizing of the shelf display 
hardware such as computer monitors, 
televisions and digital projectors. 

• Tangible display objects (n=51% -
n=235/459)

Ambient Display - Physical Form
1996-2016
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Ambient Display - Physical Form
1996-2016

Object-based
Screen-based

10

10

20

30

40

50

0

3
2
1

6.1
5
4

6.3
6.2

7.3
7.2
7.1

9
8

14

13.2
13.1
12
11

13.3

21.1

18.4
18.2

21.2
21.3

16

19
18.3

25

18.1
17

20

24

22
23

29

27
26

30.1

31
30.3
30.2

32

28

137.2
137.1

33.2
33.1

40
39

35.2
35.1
34

36

146.3

146.1

53.4
53.5

146.2

43.1

41

53.3
53.2
53.1

50

56
55
54

59
58

57.1

42.2
42.1

42.3

43.2
45

47
48

52
51

57.2

61

72.2
72.1

70.2

72
67

65
64
63
62

78
76
75

71

70.1

60

66

87

83.2

82
81
80
79

92.2

98.3

96
93

92.1
91
90.4
90.3

88.1

98.4

90.2
89

88.2
88.3

98.2
98.1

98.6
98.5

83.1

86
85
84

97

100
99

116
113
111
109
108

104.3

102

124
123

121
119
118

104.1
104.2

101

103

104.5
104.4

107

122

148.4
148.3
148.2
148.1
147

145

139.2

134
133

129.1

153
152
151
149

129.2

125

128
127
126

130
131

138
137
136
135

139.1

144
141
140

146

172

179
178

174

177.1

170.2

177.2

156
154

170.1

168
167

163
162
161
159.3
159.2

158
157

159.1

164

165.2
165.1

169

173

176
175.2
175.1

181.1

192
191
190.3
190.2

188

187.1
186

184.1
183
182

180

203

196
195.2
195.1

190.1

193

200.3

187.2

181.2

185
184.2

189

194

200.2
200.1

197.4
198
199

197.3

202
201

197.1
197.2 229

.1

247

268
267
266
265

246.2

245

241

262.2

246.1

244
242

264
263

262.1

259.2

258
257
256

253

251

248

250
249

252

255
254

259.1

261
260

294
292
291
290

287

276

286
285
284

278.2
278.1
277

274
273

275

272
269

295.1

288.2
288.1

283
281
279

289

295.3
295.2

297.3

297.1
296

306
305
304

313

299.3

298

300

326

323

320

317

328

312.1

299.2
299.1

297.2

302
301

311
310
309
307

324

321

319
318

316.2
316.1
315
314

312.2

365
366

348

346
345.3
345.2
345.1

343
342
341

339
338

336

334

331

329

364

361
360
359
356
355
354
353
352
349

330

333

335

337

340

344

347

363
362

406
403

401
400.2
400.1
399
397

395
393
392

389

387.4

387.1
387.2
387.3

386
385

383
382
381

376
374
373
372
371
370
369.2

367.2
367.1

408

367.4
367.5

369.1

367.6

367.3

368

380
379
378
377

384

388

391

396

402

410
409.2
409.1
407.3
407.2
407.1

205

240
239

236

234
233

204

217
216
215

213

206

229.2

212
210
208
207

214

219

228.2

222
223

221
220

228.3

228.1

225

224.1

226

224.2

231
230

232

235.1
235.2

238.3
238.2
238.1
237

238.4

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016



Physical Form

Search Results

The University of Newcastle www.newcastle.edu.au14

Tangible Displays | Screen-based displays

Tangible or sculptural displays. Commonly make use of custom hardware for display output 
in the form of light or object movement. Typically limited in volume of visualized data. 

The Information Percolator 
Source (Heiner, Hudson & Tanaka, 1999) 

Pinwheels Ambient Fixture 
Source (Dahley, Wisneski & Ishii, 1998) 
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Tangible Displays | Screen-based displays

Displays that make use of off the shelf display hardware. Focus tends to be in mapping 
layers of information into art-like compositions, typically in the form of pictures or posters 

Informative Art 
Source (Skog, Ljungblad & Holmquist, 2003)

WaveWatch
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Ambient Displays are typically 
designed to function with no direct 
input from the user. However, some 
systems while predominantly ambient, 
also support a low level of direct 
interaction : 

• Fully ambient systems (58% -
n=266/459). Ambient displays with no 
option for direct input

• Semi-ambient systems (42% -
n=193/459). Systems which aim to 
remain peripheral but possess some 
incidental interactive capabilities

Ambient Display - Physical Form
1996-2016
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Conclusions
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This longitudinal review of the field of Ambient Display 
highlights the great diversity in display modality, visualization 
approaches, form and levels of interaction

Existing displays found to diverge across three design 
attributes – modality, physical form and interaction design

Statistics gathered for each of these design attributes to 
allow longitudinal description of the technology   
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