
Un
pu
bli
sh
ed
wo
rki
ng
dra
ft.

No
t fo
r d
ist
rib
uti
on
.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

Investigation of Basic Characteristics of Awareness Presentation
Using Gaze of a Robot

Aoto Tanokashira
tanokashira@iplab.cs.tsukuba.ac.jp

University of Tsukuba
Tsukuba, Ibaraki, Japan

Ikkaku Kawaguchi
kawaguchi@cs.tsukuba.ac.jp

University of Tsukuba
Tsukuba, Ibaraki, Japan

ABSTRACT
In our previous research, we proposed a voice call system with
robots to initiate conversations between remote people by exchang-
ing gaze information. In the proposed system, we implemented
robots that can detect and present gaze as awareness information.
When the mutual gaze is established via the robots, a voice call
initiates. However, the basic characteristics (noticeability, compre-
hension, division of attention, telepresence) of the proposed system
are not investigated. In order to investigate these basic characteris-
tics, we conducted an experiment to compare the conditions using
gaze, text, and light. In the experiment, the participants performed
tasks on a PC and the awareness information is presented in the
peripheral vision. The results showed that in the gaze and light
conditions, the users needed less attention and easily understood
the awareness information than in the text condition. In addition,
in the gaze condition, users felt the presence of the remote worker
more than in the text condition.

CCS CONCEPTS
• Human-centered computing→ Human computer interac-
tion (HCI); Collaborative and social computing devices; User studies.

KEYWORDS
awareness, gaze interaction, communication robot, peripheral in-
teraction
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1 INTRODUCTION
Initiating conversations, particularly informal communication, be-
tween remote people is difficult. Informal communication occurs
incidentally, without a fixed schedule or agenda [1]. Previous re-
search [4, 9, 10, 14] have proposed systems that provide awareness
information for initiating conversations. Awareness is defined by
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話し⼿受け⼿
Figure 1: Using the proposed system in our previous research.
Users’ gazes are exchanged between remote locations using
robots, and a voice call starts when the mutual gaze is estab-
lished.

Dourish et al. [2] as "an understanding of the activities of others,
which provides a context for your own activity". By presenting
awareness information, a worker can understand whether the re-
mote person is available for conversations, and reducing the psycho-
logical burden of talking to the remote worker is expected. Previous
systems for presenting awareness information can provide only
availability (only responsive or unresponsive). In contrast, some
systems can present detailed awareness information (e.g., degree
of concentration of the remote person to tasks) as in face-to-face
situations. Although these systems can provide detailed awareness
information, privacy issues arise because of the use of a video [13].
In order to solve this problem, we proposed a system that presents
detailed awareness information without using video.

In our previous research [18], we implemented robots that can
exchange gaze as awareness information between remote work-
ers. The robots can detect and present the user’s gaze. When the
mutual gaze is established between remote workers via robots, a
voice call initiates (Fig. 1). We intend to present awareness infor-
mation implicitly using non-verbal information as in face-to-face
communication. In addition, we expect improving the presence of
the remote worker by the reproduction of face-to-face communica-
tion. However, we have not investigated the basic characteristics
of the system, such as the noticeability and comprehension of the
awareness information, and the division of attention to tasks when
the awareness information is presented using non-verbal informa-
tion. We have not investigated whether the presence of the remote
worker improves as well. In this research, in order to investigate
these basic characteristics, we conducted an experiment to compare
methods of presenting awareness information using gaze, text, and
light.

2 RELATEDWORK
In this section, we describe our previous research that presents
awareness information using the gaze of robots. Next, we describe
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related work on the basic characteristics for systems that present
awareness information. At last, we describe basic characteristics in
presenting awareness information using gaze.

2.1 The system that presents awareness
information using the gaze of robots

We describe the proposed system in our previous research. The
proposed system is fully described in [18]. This is just a summary of
the proposed system. The proposed system aims to present detailed
awareness information, which is presented in face-to-face commu-
nication, without using video. In initiating a conversation, gaze
plays an important role and mutual gaze is a trigger for initiating a
conversation [7, 8, 15]. Based on that, we have developed a system
that reproduces the gaze exchange leading to the initiation of a
conversation using robots (Fig. 1). We created two units of robots
to place one robot on each desk with two remote workers. Users’
gazes are exchanged with each other via the robots. Each remote
worker sends his/her gaze to the robot, and when mutual gaze
was established via the robots, a voice call starts. We conducted
an experiment to investigate whether the proposed system is ef-
fective for initiating conversations. In the experiment, participants
used the proposed system to initiate conversations in situations
that assumed remote work. The result of the experiment suggested
that the proposed system was partially effective in reducing the
psychological burden of initiating conversations.

In the experiment, we used the proposed system in situations of
communication. However, basic characteristics such as the notice-
ability and comprehension of the awareness information was not
investigated when the awareness information was presented using
gaze. In this research, we conducted an experiment to investigate
the basic characteristics of the proposed system.

2.2 Basic characteristics for presenting
awareness information to the peripheral
vision

The previous studies investigated basic characteristics for present-
ing information to peripheral vision. Maglio et al. [11] stated that
the key to peripheral informing is to maximize the information
presented while minimizing the presentation’s impact on ongoing
activities. McCrickard et al. [12] suggest a classification of periph-
eral informing system, according to three critical parameters –
interruption, reaction (rapid and accurate response), and compre-
hension. These researches show that systems for the presenting
awareness information should be noticeable and comprehensive,
but not distracting.

Handberg et al. [5] investigated the effect of presence on the
communication model in the workspace and identified that sense
of presence affects the level of trust and co-existence. Robert et
al. [3] proposed a video system that increases a sense of a shared
space between remote coworkers and stated that people need to
be at the same place at the same time for initiating informal com-
munication and the essence of telecommunication is co-presence.
These researches show that the presence of the remote worker is
important for the presentation of awareness information that leads
to the initiation of conversations.

We consider the above basic characteristics of the proposed sys-
tem that uses gaze. In the proposed system, we intend users to
present and recognize detailed awareness information implicitly
by using gaze as in a face-to-face situation. Therefore, users are
expected to notice and understand the awareness information im-
plicitly. In this case, noticeability and comprehension of awareness
information may be improved. If users can recognize awareness
information implicitly, division of attention is considered to be low
because users need not pay attention to the information explic-
itly. In addition, the presence of the remote worker is expected to
improve by the reproduction of face-to-face communication. In
this research, we investigate the basic characteristics for present-
ing awareness information by the proposed system: noticeability,
comprehension, division of attention, and telepresence.

3 EXPERIMENT
In this research, we conducted an experiment to investigate the
basic characteristics of the proposed system.

3.1 Basic characteristics of presenting
awareness information

In this research, based on the design of basic characteristics for
presenting awareness information described in Section 2.2, we
defined basic characteristics as below:

• R1. Noticeability: the degree that noticing the change of
awareness information

• R2.Comprehension: the degree that understanding the aware-
ness information

• R3. Division of attention: the degree of distracting worker’s
attention by awareness information

• R4. Telepresence: the degree that presenting presence of
remote worker

If the degrees of R1, R2, and R4 are high and the degree of R3 is low,
the basic characteristics of the awareness information is considered
to be positive. We conducted an experiment to investigate these
basic characteristics of the proposed system.

3.2 Experimental design
In the experiment, the participants performed tasks on a PC and the
awareness information is presented in the peripheral vision. For
the tasks on a PC (primary task), participants clicked and deleted a
specified figure from a large number of randomly presented figures,
referring to [6]. While performing the primary task, participants
pressed the button located on the left side of the PC as soon as possi-
ble when they noticed the change in the awareness information. We
set three states of the presented awareness information: inactive,
active, and receiving. The inactive state indicates that the remote
worker is not present, and he/she cannot respond because he/she
is busy or absent. The active state indicates that the remote worker
is present and can respond. The receiving state indicates that the
remote worker is requesting a response. The transitions of these
awareness states are shown in Fig. 2. We asked the participants to
press the button when awareness information changed from the
active state to the receiving state. In this experiment, we did not

2022-09-26 03:03. Page 2 of 1–6.



Un
pu
bli
sh
ed
wo
rki
ng
dra
ft.

No
t fo
r d
ist
rib
uti
on
.

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

Investigation of Basic Characteristics of Awareness Presentation Using Gaze of a Robot Asian HCI Symposium’22, April 29-May 5, 2022, New Orleans, LA, USA

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

inactive active receiving

Participants
press the button

Figure 2: Awareness information changes during the experi-
ment. The inactive, active, and receiving states are randomly
changed, and the participant presses a button when he/she
notices that the state has changed to receiving. If the button
is pressed, the system returns to the active state.

Figure 3: The experiment is in progress. Awareness informa-
tion is presented at a 45-degree angle to the left while the par-
ticipant is performing tasks on a PC. When the participant
notices that the awareness state has changed to receiving,
he/she presses the button located on the left side. In the pri-
mary task, participants clicked and deleted a specified figure
from a large number of randomly presented figures

connect with the remote worker to present the awareness informa-
tion but instead transitioned the state randomly to investigate the
basic characteristics of the system, not its effect on communication.
Participants played white noise using headphones to remove the
effect from environmental noise.

3.3 Experimental condition
The experiment was conducted in a within-subject design. 12 un-
dergraduate or graduate students (11 males and 1 female, mean age
= 23.0 years) participated in the experiment. We recruited the par-
ticipants from our laboratory. We set three experimental conditions
as follows.

• C1. text condition The awareness information is presented
by text in the display (Fig. 4). We set this condition in order to
compare the proposed method and the method of presenting
the awareness information by text in the display. Another
display is placed and the text is displayed in the center of
the display. The size of the text was designed to be 10cm
wide × 3cm height, which is the same size as the information
presented area of the other conditions. Text in the display
indicates the states (“inactive”, “active”, and “messaging”) of
the remote worker. The text “messaging” indicates receiving
state.

• C2. light condition The awareness information is presented
by turning on a physical light (Fig. 5). This condition was set
to compare the proposed method and the method without
non-verbal information. In the inactive state, the light is
turned off, and in the active state, the light is turned on the
green. In the receiving state, the light will blink.

inactive active receivingthe display 

Figure 4: Awareness information presented in text condition.

inactive active receiving

Figure 5: Awareness infor-
mation presented in the
light condition.

inactive active receiving

Figure 6: Awareness infor-
mation presented in the
gaze condition.

• C3. gaze condition The awareness information is presented
by the gaze of the robot (Fig. 6). In the inactive state, the
gaze is not presented (light off), and in the active state, the
robot sends the gaze toward a different direction from the
participant. In the receiving state, the robot sends the gaze
toward the participant.

3.4 Evaluation items
The evaluation items in this experiment are described below.

Questionnaire
We used a questionnaire by Sadat [16] which evaluates meth-

ods of presenting information to the peripheral vision to evaluate
R1, R2, and R3. We extracted three scales relevant to our experi-
ment (Noticeability, Comprehension, Division of attention) from the
questionnaire. For the evaluation of R1. Noticeability, we used the
Noticeability scale, which consists of two questions ( e.g. Did you
notice the display ). For the evaluation of R2. Comprehension, we
used the Comprehension scale, which consists of two questions( e.g.
Were you able to understand the information in the display ). For
the evaluation of R3. Division of attention, we used the Division
of attention scale, which consists of three questions( e.g. Was the
display located outside the focus of your attention ). For the eval-
uation of R4. Telepresence, we used a questionnaire by Tanaka et
al [17], which evaluated the presence of virtual avatars and physi-
cal avatars in communicative situations (Telepresence). Telepresence
consists of a single question ( Did you felt as if remote partner were
in the same room ). A five-point Likert scale was used to answer
each questionnaire. After the completion of each condition, we
conducted interviews with the participants.

Reaction time
If the noticeability is high, the reaction time to the change of

the awareness information is expected to be short. Therefore, to
evaluate R1. Noticeability, we evaluated the reaction time. The
minimum interval time of reaction time ( = changes of awareness
state) was 10 seconds.

Primary task grades
If the division of attention is lower, performance on the primary

task is expected to be better. To evaluate R3, we evaluated the
number of figures deleted in the primary task (primary task grades).
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(a) The result of Noticeabil-
ity.
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(b) The result of Compre-
hension.
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(c) The result of Division of
attention.
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Telepresence
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(d) The result of Telepres-
ence.

Figure 7: Results of the questionnaires.

4 RESULTS
In this section, we describe the results for each evaluation item of
the experiment. For each test in this study, a 𝑝 value of less than
0.05 was considered statistically significant. In the analysis of the
questionnaire, the mean value of each scale for each participant
was used as the score for each scale.

4.1 Questionnaire
A higher score on Noticeability scale of the questionnaire means
positive noticeability. The result of the Noticeability scale is shown
in Fig. 7a. Shapiro-Wilk test showed no normality. Friedman’s test
showed significant difference (𝑝 = 0.012 < 0.05). Wilcoxon signed-
rank test with Bonferroni correction showed no significant differ-
ence.

A higher score on Comprehension scale of the questionnaire
means positive comprehension. The results of Comprehension scale
is shown in Fig. 7b. Shapiro-Wilk test showed no normality. Fried-
man’s test showed significant difference (𝑝 < 0.001). Wilcoxon
signed-rank test with Bonferroni correction showed that score in
Comprehension in the light and gaze conditions was significantly
higher than in the text condition(𝑝 = 0.037 < 0.05, 𝑑 = 0.74 be-
tween light and text, 𝑝 = 0.011 < 0.05, 𝑑 = 0.75 between gaze and
text).

A higher score on Division of attention scale of the questionnaire
means lower Distractibility, that is, the awareness information does
not distract theworker’s attention. The result ofDivision of attention
scale is shown in Fig. 7c. Shapiro-Wilk test showed no normality.
Friedman’s test showed significant difference (𝑝 < 0.001). Wilcoxon
signed-rank test with Bonferroni correction showed that score in
Division of attention in the light and gaze conditions was signifi-
cantly higher than in the text condition(𝑝 = 0.016 < 0.05, 𝑑 = 0.78

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

text light gaze

*: p < 0.05

*

Reaction time of 
awareness changes

Reaction
tim
e
(s)

Figure 8: The result of re-
action time.

0

50

100

150

200

250

300

text light gaze

*: p < 0.05

Primary task grades

deleted
figures

Figure 9: The result of
primary task grades.

between light and text, 𝑝 = 0.012 < 0.05, 𝑑 = 0.83 between gaze
and text).

A higher score on Telepresence scale of the questionnaire means
a positive effect of conveying presence. The result of Telepres-
ence scale of questionnaire is shown in Fig. 7d. Shapiro-Wilk test
showed no normality. Friedman’s test showed significant difference
(𝑝 < 0.001). Wilcoxon signed-rank test with Bonferroni correction
showed that score in Telepresence in the gaze conditions was signifi-
cantly higher than in the text condition(𝑝 = 0.016 < 0.05, 𝑑 = 0.77).

4.2 Reaction time
If the Noticeability is high, the reaction time is expected to be
short. The results of reaction time is shown in Fig. 8. Shapiro-
Wilk test showed no normality. Friedman’s test showed significant
difference (𝑝 = 0.013 < 0.05). Wilcoxon signed-rank test with
Bonferroni correction showed that reaction time in gaze condition
was significantly shorter than in the light condition (𝑝 = 0.013 <

0.05, 𝑑 = 0.85).

4.3 Primary task grades
If the division of attention is lower, performance on the primary
task is expected to be better. To evaluate the performance on the
primary task, we used the number of figures deleted in the primary
task ( primary task grades ). The result of the primary task grades is
shown in Fig. 9. Shapiro-Wilk test showed no normality. Friedman’s
test showed no significant difference (𝑝 = 0.067).

5 DISCUSSION
5.1 R1. Noticeability
In the results of Noticeability scale of the questionnaire, no signifi-
cant difference was shown.We initially thought that noticeability in
the gaze condition would be better than in other conditions because
of the use of light and motion, presented physically. However, the
score of Noticeability in the gaze condition was not higher. Further-
more, Fig. 7a showed that the score in the text condition was higher.
This result may reflect the degree of attention that participants
paid to the awareness information. In the interview, we found that
some participants interpreted the questionnaire as "needing to keep
attention on the display". In other words, the results may reflect
the ease of noticing by always paying attention to the display and
becoming more sensitive to responses. We also considered that peo-
ple present and understand gaze implicitly in face-to-face situation,
so that participants might not notice change of awareness states.
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In the result of reaction time, reaction time in the gaze condition
was significantly earlier than in the light condition. On the other
hand, in the interview of the gaze condition, the participant stated
that “I sometimes noticed the changes by the sound of gaze turn-
ing”. This interview suggests that not only visual information but
also the sound of the motor to present gaze may have improved
the reaction time of noticing awareness changes. This result is not
appropriate for evaluation because the investigation of the notice-
ability by visual stimulus, not auditory stimulus was the purpose
of our research. However, as shown in the result of the Division of
attention scale, there was no effect on the division of attention. The
participants wore headphones and the motor sound was reduced so
that there may be no effect on the division of attention. This result
suggests that in actual use, sounds that do not distract the worker’s
attention may improve the noticeability. These results suggest that
presenting awareness information using gaze is unlikely to improve
noticeability.

5.2 Comprehension
In the result of Comprehension scale, the light and gaze conditions
have significantly improved the comprehension of the awareness
information than the text condition. This result may have been
because the information could be captured only in the peripheral
vision. In the interview of the text condition, the participant stated
that “I could immediately notice that the message content had
changed, but could not understand the content unless I looked at
it with their central vision”. In contrast, in the interview of the
light condition, the participant stated that “I was able to keep the
display at the edge of my vision while performing the primary
task”. These comments suggest that the awareness information was
comprehensive in the light and gaze conditions because the changes
could be understood only in the peripheral vision. In addition, the
average score in the gaze condition was 4.83 out of 5. These results
suggest that R2. Comprehensibility is sufficient in the proposed
system.

5.3 Divison of attention
In the result of Division of attention scale, the light and gaze condi-
tions showed significantly less division of attention to the primary
task than the text condition. This result can be attributed to R2.
Comprehension. We thought that this is because the changes in
the awareness information can be fully understood in the periph-
eral vision so that the participants can notice the changes while
focusing on the primary task. In the interview of the text condition,
the participants stated that “I had to keep paying attention to the
display all the time" and "I had to check whether the display was
active or not while doing primary task”. In other words, when they
cannot fully understand the changes of awareness information in
the peripheral vision, they need to pay attention to the awareness
information. On the other hand, in the interview of the light con-
dition, the participants stated that "I did not have to worry that I
might have missed changes," and in the gaze condition, "I was able
to prepare to press the button because understanding active and
inactive was easy. These comments suggest that when awareness
information is comprehensive in the peripheral vision, there was
no need to pay excessive attention to it.

In the result of the primary task grades, there was no significant
difference. This result can be attributed to the fact that the task
contents and the task time were limited. These results suggest that
R3. Distractibility is low in the proposed system.

5.4 Telepresence
In the results of Telepresence scale, the gaze condition was signif-
icantly more effective in conveying the presence of the remote
worker than the text condition. In the interview of the gaze condi-
tion, the participant stated that “I felt a strong sense of presence in
the robot”. This result showed that the proposed system is effective
to present awareness information that leads to the initiation of
conversations. This result suggests that R4. Telepresence is high in
the proposed system.

5.5 Summary of results and discussion
In this experiment, we investigated the four basic characteristics of
R1-R4. We considered that R1. Noticeability is not high. R2. Compre-
hension is considered to be sufficient. For R3. Division of attention,
it was suggested that the proposed system has less distraction to the
primary task. For R4. Telepresence, it is suggested that the proposed
system conveys a high degree of presence of the remote person.

The results of R1-R4 suggest that when the gaze is presented as
awareness information, the awareness information is sufficiently
comprehensive and the distraction to the task is low. In addition, the
degree of conveying a sense of presence was high. It was suggested
that the basic characteristics of the proposed system for presenting
awareness information were sufficient.

From these results, we think that the proposed system is useful
for communication during remote work. In remote work, we need
to focus on the primary task. In the proposed system, we may be
able to convey the awareness information for initiating conversa-
tions while focusing on the primary task because the division of
attention is low. In addition, the proposed system may create a
sense of co-presence by conveying the presence of a remote worker.
Robert et al. [3] stated that the essence of telecommunication for
initiating informal communication is co-presence. The proposed
system is considered to be effective to initiate conversations because
of conveying the presence. In this research, we focused on initiating
conversation. We would like to investigate the effect of the robots’
presence during conversations ( e.g. contents of conversations, how
users feel).

6 CONCLUSIONS AND FUTUREWORK
In this study, we investigated the basic characteristics of the system
that presents awareness information using the gaze of the robot,
which we proposed in our previous research. The following results
were obtained from the experiment.

• The awareness information presented by using gaze is con-
sidered to be sufficiently comprehensive.

• It was suggested that the awareness information presented
by using gaze was less distracting to the primary task.

• It was suggested that the awareness information presented
by using gaze conveyed a high degree of presence of the
remote worker.
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The results suggest that the basic characteristics of the proposed
system for presenting awareness information may be sufficient.
This experiment was conducted in an environment where the task
contents and task time were limited. In the future, we plan to in-
vestigate the basic characteristics of the proposed system when it
is used in a real environment.
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