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Abstract: Research on human interaction is done actively recently. We believe that mutual understanding between
user and system has effective improvement in intimacy to system. In this paper, we propose the system which can
promote mutual understanding by acquiring and reflecting user’s evaluation tendency from interaction of a user and
the system. User and the system expresses a simple symbol by turns, and user evaluates interaction at every evalua-
tion phase. The proposal system learns the relation of interaction sequence and user’s evaluation. We propose method
of learning interaction sequence using All-Combinatorial N-grams. Thereby, the system gains interaction rule which
raises user’s evaluation. We believe that the intimacy to the system improves by offering a better interaction for a
user using the gained interaction rule. The validity of the proposal system was shown by sensitivity evaluation.
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1 Introduction

Research on human interaction is done actively recently [1-3], and activity of robot is expected in various scenes.
For example, robot which guides facilities while regarding communication as a human being or the robot is intended
to play with a child. A trial to improve the impression that a user has towards a robot in that attracts attention
[4-6]. We think that it is necessary that user should have a good impression toward a robot for performing a good
interaction. Ono points out the possibility that users can perform better interaction for robots when they feel an
affinity [7]. In this paper, we paid our attention to the interaction for purpose of enjoying turn-taking. For example,
a impromptu jazz session or a turn-taking play [8]. We believe that it is necessary to reflect the preference of the
user for an interaction so that a user has a positive impression for the system through such an interaction more.
This research aims at the development of the human interaction system which a impression for the system of a user
improves by the system reflect a preference of the user, and emergence does a better interaction for the user. The user
gives an evaluation to the interaction that the user and the system performed, and the system learns it dynamically.
The system carries out emergence of better interactions to users. This paper pays attention to beads pattern play as
simple interaction by visual sense, and inspects effectiveness of the proposal method in interaction by using simpler

symbol.

2 Interaction Model

In this paper, we use extremely simple interaction model. The system which we build by making an interaction
model simple will become general-purpose. Thus, we can use this system to other interaction model.
Fig. 1 shows the interaction model used in this paper. In addition, in this paper, CU; is the input of user’s ¢th

dialogue, and C'S; is the system’s output, M and S,,,,, are arbitrary non-negative integers. The interaction model
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Fig. 1. Interaction model.

consists of interaction phase and evaluation phase. In interaction phase, user and the system perform interaction. In

addition, we set the following limitations for interaction in this paper.

— Both user and the system can only choose symbols from the symbols we prepared.
— User and the system output a symbol by turns.

— User and the system output symbols for same times.

In evaluation phase which is after the interaction phase, user evaluates the interaction output by the interaction
phase previously. In this paper, user evaluates a pattern in the symbol sequence which did emergence. If the pattern
which user regards as good is contained in the sequence which the system emergences, user will give a high eval-
uation value to the system. Evaluation value U (—X < U < X) is an integer, and good evaluation is meant if the
value of U is high. In addition, X is an arbitrary non-negative integer, the concrete value and the evaluation method
will be introduced in Chapter 4. By this way, the system gains the interaction rule that reflected user’s evaluation
tendency by repeating interaction phase and evaluation phase. The interaction rule is updated at every evaluation
phase and gains user’s evaluation tendency dynamically. Therefore the system can support in the change of the
user’s evaluation tendency and the unlearned symbol dynamically. In addition, in this paper, we define that user and
the system output by once in turn as “one dialogue”, a sequence of symbols in a dialogue as “dialogue sequence®,
M dialogues as “one interaction”, and a sequence of symbols in one interaction as “interaction sequence®. Thus,
dialogue sequence is subsequence of interaction sequence. Output C'S; of the system is determined probable in in-

putting into the interaction rule which acquired the subsequence (CU;,C'S1, - -+ ,CU,) to C'S;. We believe it when
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Fig. 2. Division example by ACN (M=4).

we can expect that emergence does the interaction that reflected user’s evaluation tendency while not only memo-
rizing interaction sequence that merely user appreciated, and outputting it, but also leaving room for unlikelihood

by using probability.

3 Acquiring User’s Evaluation Tendency

3.1 All-Combinatorial N-gram

User gives evaluation to the system according to liking of self for every M dialogs. If the evaluation value
which the user gave is regarded only as evaluation to the whole interaction, the system cannot grasp which dialogue
sequence was given the evaluation and the intention of the evaluation which the user gave. Thus, we suggest All-
Combinatorial N-gram (ACN) as technique to get user’s evaluation tendency in detail. ACN is a method to divide
an interaction sequence into based on N-gram. The study which is using N-gram often fixes the value of N, such as
bi-gram and tri-gram [9]. In this paper, minimum unit is one dialogue, and the value of N changes from 1 to M and
divides one interaction in each to output all the combinations that the system can generate by N-gram expression.
Therefore, a maximum of M (M + 1)/2 patterns of dialogue sequence are outputted. Fig. 2(a)-2(d) is a division
example when M = 4. However, this example does not consider the case that dialogue sequence D repeats. We are

dividing one interaction in this way, and think that a user’s evaluation tendency can be acquired in detail.

3.2 Update of Interaction Rule

In this paper, an universal set of generated N-gram model is called interaction rule R. R holds all of the past
experiences and is updated at each evaluation phase. The overview of R is shown in Fig. 3. Moreover, we define the

evaluation value history of each dialogue rule in an N-gram model is updated as “update of R”. Dialogue rule R;;
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consist of that dialogue sequence D;; was outputted ACN and history in evaluation value of a D;;, N-gram model
is a set of dialogue rule. The evaluation value P of dialog sequence D;; can be computed by Formula (1).

P U x Ay )
M —[[Dijl| +1

In addition, ¢ expresses the value of N, j is an identifier of D in a i-gram model, U is a evaluation value which
user gave, A;; is number of times that D;; appeared in one interaction, M is the number of regulation dialogues,
and ||D;;|| expresses the length of the dialogue sequence of D;;.

When user’s evaluation is direct given to dialogue sequence D;;, the swing of evaluation of a dialogue sequence
becomes large from the characteristic which tends to be evaluated by the shorter dialogue sequence repeatedly,
user’s evaluation tendency cannot be caught correctly. Therefore Formula (1) is defined so that absolute value of the
evaluation to dialogue sequence is discounted by shortness of the dialogue sequence (M — ||D]|). Thereby, swing
of evaluation value by difference in dialogue sequence length becomes small, and we think that user’s evaluation

tendency can be caught more correctly.

3.3 System Output

The output C'S; of the system is determined by the gained interaction rule R and the dialogue sequence
(CU.,C8q, -+ ,CUy) to C'S;. The system chooses an output symbol which maximizes evaluation from a user in
evaluation phase.

A set of the output symbol of user and the system is expressed as «, the candidate of output C'S; is expressed as

oy, € o, the system determines total evaluation predicted value E,,, over « in the following procedures.

1. The system searches the set R, ; which fills the following formula.

R,y ={VRij € R|t —||Dijl| = 0 A (CUs— D, CSi— 1D -, CUy, ay) = Dyj}

il il

2
U {VR” S R|t— HDZ]H <0 A (CUl,CSh'" ,CUt,Oék,*,"' ,*) = D”}

In addition, D;; expresses the dialog series which the dialog rule 12;; has, and * expresses arbitrary output signs.
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Fig. 4. GUI which used for the experiment. Fig. 5. Screen of evaluation.

2. The total evaluation predicted value E,, of output sign «y is calculated by the following formula.

Eo,= Y F(R)

Re€R (o) 3)
B < ki (o(R) £0)
i (R){u(R) T o)~ o)

u(R) is average value of evaluation value included in evaluation value history which R has, o(R) is standard
deviation, and # Ry, is the number of elements of Ry, . In addition, Formula (3) refers to the frequency
function (Formula (4)) of a normal distribution, it integrated to ;1(R) by making probability density f(u(R)) of

the average value into a likelihood.

fa) = — eXp(_W> @

2mo 202

The occurrence probability O Pj; of «, is relatively computed from the output sign candidate’s «v;, general comment
value predicted value £, computed at the above two steps, and the system output C'S; stochastically based on

OPy.

E,
OP, = — % %100 5)

D o,

ape

Thereby, C'S; becomes a sign with high probability that high evaluation will be obtained from a user. By the

way, when there is no extracted dialogue rule(Ry,,} = ¢ for Vay € a), CS; is outputted at random.
4 System Evaluation

We performed sensitivity evaluation experiment to confirm effectiveness of the system which we suggested in
this paper. First, it is verified whether emergence of interaction of pattern which user likes by sensitivity evaluation
can be carried out. Next, it is checked whether user’s individuality can be acquired through interaction by verification
of user’s evaluation tendency.

We used GUI for interaction of a user and the system. Fig. 4 is GUI used in this experiment. In interaction phase,
user outputs a sign by clicking on icon drawn on the GUI lower berth, the system outputs after a definite period
of time from user’s output. An output history is drawn by the GUI upper part when user and the system outputted.

Moreover, one interaction is completed in M dialogue of regulation count, and it shifts to an evaluation screen. Fig.
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Fig. 6. Evaluation of sensitivity.

5 is the evaluation screen displayed. Evaluation value U from a user could be 11 steps (X = 5) between -5 (very
bad) and +5 (very good). In this paper, In order to treat subjective evaluation to pattern within an interaction as user’s
evaluation tendency, We directed evaluation standard not to consider tempo and rhythm to subject beforehand.

In this experiment, the output sign set of user and the system is taken as the set which consists of round figure
of 3 colors which imitated the beads, and one interaction is four dialogues (M = 4). The examinee is 13 men
in twenties. Incidentally, originally the proposal system is learned dynamically. However, since what cannot be
dynamically learned as candidate for comparison in this experiment was included, the experiment was conducted in
static environment. That is, each examinee does communicate to unlearned proposal system beforehand, making the
proposal system gain each examinee’s interaction rule, we experimented. Learning was performed until it repeated

the interaction phase and the evaluation phase 20 times (Sy,q, = 20).

4.1 Sensitivity Evaluation

We let examinee communicate with four systems and had them evaluate sensitivity after the communicate. The

system used for the evaluation experiment is shown below.

Proposal System (System.P) : The system which learned user’s evaluation tendency by the proposal method.

Whole Tendency System (System.W) : The system which learned all examinee’s evaluation tendency.

Mirroring System (System.M) : The system which carries out the completely same output as a user’s output.

Random System (System.R) : The system outputted at random.

As for sensitivity evaluation, the semantic differential method [10] was used and It carried out by seven-step

evaluation about five adjective pairs. The adjective pair used for evaluation is shown below.

1. Good-Bad
. Friendliness-Unfriendliness
. Interesting-Boring

. Free-Unfree

| I S N \S]

. Intentional-Unintentional



Table 1. Interaction Sequence of Examinee A

The interaction sequence D 4 ‘When the same user output as D 4 is given,

which obtained the highest O |it is an interaction sequence with the highest emergence probability.

evaluation at time of learning. Proposal System Whole Tendency System
b,w,y,b,b,y,w,b b,w,y,b,b,y,w,b b,b.y.y,b,b,w,b

Table 2. Sensitivity Evaluation Result of Examinee A

Evaluation Item O Proposal System|Whole Tendency System|Mirroring System|Random System
Good-Bad 1 -1 -1 -1
Friendliness-Unfriendliness 1 -1 1 -1
Interesting-Boring 1 1 -2 -1
Free-Unfree 1 1 -2 1
Intentional-Unintentional 1 -1 -1 -2

Fig. 6 is a result of the sensitivity evaluation experiment. This bar graph is average of a user’s sensitivity eval-
uation, and error bar is standard error. We see from Fig. 6 that the proposal system is having obtained evaluation
higher than other systems as for all items of sensitivity evaluation. Moreover, we performed the test of significance
by multiple comparison official approval of Tukey to evaluation of each system. Result of official approval, the
proposal system was evaluated “good” significantly by 1% of significance level to the whole tendency system and
the mirroring system, and It was evaluated “good” significantly by 5% of significance level to the random system.
Thereby, it is thought that the proposal system can learn evaluation tendency of “Good-Bad” which the user gave,
and can be reflecting it in interaction. Moreover, it was evaluated “Friendliness” significantly by 1% of significance
level to the whole tendency system, and it was evaluated “interesting” significantly by 5% of the significance level.
Thus, it is concluded that the system which performed study by the proposal method carries out emergence of in-
teraction which gives impression more positive than other systems to user. By the way, the mirroring system has
obtained high evaluation along with the proposal system about the item “Intentional-Unintentional”, however, the
proposal system is evaluated “Free” significantly by 1% of the significance level to the mirroring system. Thus, the
proposal system can carry out emergence of beads pattern “Free” and “Intentional” for user, however, the mirroring
system can carry out emergence of beads pattern “Intentional” and “Unfree” for user. It is likely that user can predict

output of the mirroring system easily.

4.2 Verification of User’s Evaluation Tendency

We turn now to an account of reflection of user’s evaluation tendency by the proposal system. We take up
the examinee A who gave the nearest sensitivity evaluation to the evaluation average of Fig. 6 as a representative
example. Table 1 shows interaction sequence D 4 which the examinee A gave the highest evaluation at the time of
study, and it shows interaction sequence with the highest emergence probability when the user’s output of D 4 is
given to the proposal system and the whole tendency system. Table 2 shows the examinee A’s sensitivity evaluation
result. Table 3 and Table 4 show interaction rule set which the proposal system and the whole tendency system got
each. “w” in a list expresses “a white circle” that is an output symbol, likewise, “y” expresses “a yellow circle”

and “b” expresses “a black circle”. Moreover, portion which is an output of system is written with boldface. F'(R)

is value which integrated a likelihood to an average value of evaluation value included in evaluation value history



Table 3. Interaction rule Set of the Proposal System R The portion which has relation in the sequence of Table 10

Interaction rule R
1-gram Model 2-gram Model 3-gram Model 4-gram Model
Dialogue Sequence| F'(R) ||Dialogue Sequence| F'(R) ||Dialogue Sequence| F'(R) ||Dialogue Sequence|F'(R)
b,w 0.6649 b,w,y,b 1.5958 b,w,yb,b,y  [0.9575|| b,w,yb,b,y,w,b 5
y.b 1.5032 y.b,by 1.4361 y.b,by,w,b 25 b,b,yy.b,b,w,b o)
b,y 0.1794 b,y,w,b 0.6678 b,b.y,y,b,b ¢
w,b 0.6258 b,b.y.y 1o} y,y,b,b,w,b 1o}
b,b -0.2261 y.y.b,b o)
VA ) b,b,w,b -0.3333

Table 4. Interaction rule Set of the Whole Tendency System R[] The portion which has relation in the sequence of Table 10

Interaction rule R
1-gram Model 2-gram Model 3-gram Model 4-gram Model
Dialogue Sequence| F'(R) ||Dialogue Sequence| F'(R) ||Dialogue Sequence| F'(R) ||Dialogue Sequence|F'(R)

b,w 0.1710 b,w,y.b 0.2713 b,w,y,b,by 0.9575|| b,w.,y,b,b,y,w,b 5
y,b 0.1026 y.b,by 0.3025 y,b,by,w,b 3.1915|| b,b,y,y,b,b,w,b 3
by 0.1838 b,y,w.b 0.7658 b,b,y,y.b,b 0.1995

w.b 0.2384 b.b,y,y 0.2736 y.y.b,b,w.b 0.0278

b,b 0.2356 y.y.b,b 0.1407

v,y -0.1268 b,b,w,b 0.4091

which dialogue rule R has like Formula (3), however, F'(R) of the dialogue rule in which evaluation value history
does not exist is written as ¢. We see from Table 1 that interaction sequence with the highest probability in which
the proposal system carries out emergence is the same as that of D 4 when user’s output is the same as that of D 4.
On the other hand, in the whole tendency system, although user’s output is the same as that of D 4, interaction
sequence with the highest probability that carries out emergence differs from D 4. Moreover, in the case of the
proposal system, emergence probability of D 4 (b,w,y,b,b,y,w,b) is approximately 27% and, in the case of the whole
tendency system, is approximately 19% and, in the case of the random system, is approximately 1.2%. Thus, it is
reasonable to suppose that the proposal system can be carrying out emergence of interaction reflecting examinee A’s
tendency, having the unpredictability by probability.

By the way, when Table 3 is compared with Table 4, it turns out that F'(R) of 1-gram model and 2-gram model
differs greatly. Moreover, although it exists in interaction rule of the whole tendency system, it turns out that the
dialogue rule in which evaluation value history does not exist is in the examinee A’s interaction rule. Since the
emergence probability of interaction sequence is computed by Formula (2)-(5), it is safe to say that it is decided by
F(R) of dialogue rule R which involves. In the case of the examinee A, F'(R) of (y,b) and (b,w,y,b) and (y,b,b.y)
of Table 4 greatly increases in Table 3, we think that these differences induced the difference in interaction sequence
by which emergence was carried out as examinee A’s evaluation tendency.

We think that user’s tendency is expressed as tendency of F'(R) computed from the dialogue rule R in interac-
tion rule. We calculated F'(R) of dialogue rule R to participate in emergence of affiliation given evaluation from
examinee at time of learning, and performed correlation analysis with evaluation value U that examinee gave. We
demanded rank correlation of Spearman from every examinee using learning data of all examinees in analysis. As a
result of analysis, the correlation coefficient in the proposal system is over 0.6 by all examinees, and user evaluation

value U and high correlation of F'(R) were checked. On the other hand, when same analysis was conducted to the



whole tendency system, there were six examinees exceeding 0.6 and the correlation coefficient of the correlation
coefficient was clearly low compared with the proposal system. Thus, it turns out that the proposal system was able

to generate high interaction rule of user evaluation value and correlation.

5 Conclusion and Future Work

In this paper, we proposed method of learning dynamically user’s evaluation tendency for offering interaction
which user likes, moreover, we proposed division of interaction sequence using All-Combinatorial N-gram (ACN)
as method to acquire user’s evaluation tendency in detail. It was found sensitivity evaluation experiment using GUI
that the proposal system carries out emergence of interaction which gives user positive impression compared with
other systems. This method is learning of the appearance pattern, however can handle only simple interaction that
user and the system only output a symbol by turns. We would now like to go on to devise a system which can treat
more advanced interaction. To take an example of application to music expression, we think that the construction of
the system which can perform a musical session is possible by which it allows you to output a symbol in timing when
user and system are free, or the interaction model is changed into what can permit a continuous sound. Moreover, by
handling an act as a symbol and considering physical limitation, we think that construction of the interaction system

— as for example child can play like turn-taking play or adult can use as child-rearing practice — is possible.

Acknowledgment

This work was supported in part by the Ministry of Education, Science, Sports and Culture, Grant—-in—Aid for
Scientific Research under grant #25280100 and #25540146.

References

[1] Masashi, O., Yoshiyasu, O., Yukiko, I. N. and Toyoaki, N.: Enhancing User Involvement via Joint Attention with a Listener
Robot, Social Intelligence Design (2005).
[2] Fukui, R., Morishita, H., Mori, T. and Sato, T.: HangBot: A ceiling mobile robot with robust locomotion under a large

payload (Key mechanisms integration and performance experiments), Robotics and Automation (ICRA), 2011 IEEE Inter-
national Conference on, pp. 4601-4607 (2011).

[3] Kado, Y., Kamoda, T., Yoshiike, Y., De Silva, P. and Okada, M.: Reciprocal-adaptation in a creature-based futuristic sociable
dining table, RO-MAN, 2010 IEEE, pp. 803-808 (2010).

[4] Naoyuki, K. and Kenichiro, N.: Cooperative Perceptual Systems for Partner Robots Based on Sensor Network, International
Journal of Computer Science and Network Security, Vol. 6, No. 11, pp. 19-28 (2006).

[5] Inamura, T., Inaba, M. and Inoue, H.: PEXIS: Probabilistic experience representation based adaptive interaction system for
personal robots, Systems and Computers in Japan, Vol. 35, No. 6, pp. 98-109 (2004).

[6] SUGA, Y., ARIE, H., OGATA, T. and SUGANO, S.: Constructivist Approach to Human-Robot Emotional Communication:
Design of Evolutionary Function for WAMOEBA-3, IEEE/RAS Interanational Conference on Humanoid Robots, No. 76
(2004).

[7] Kanda, T., Kamasima, M., Imai, M., Ono, T., Sakamoto, D., Ishiguro, H. and Anzai, Y.: A humanoid robot that pretends to
listen to route guidance from a human, Autonomous Robots, Vol. 22, pp. 87-100 (2007).

[8] Kuriyama, T. and Kuniyoshi, Y.: Acquisition of Human-Robot Interaction Rules via Imitation and Response Observation,
Proceedings of the 10th international conference on Simulation of Adaptive Behavior: From Animals to Animats, SAB ’08,
Springer-Verlag, pp. 467-476 (2008).

[9] Xu, J., Itoh, T., Araki, K. and Tochinai, K.: Evaluation of action prediction method using inductive learning with N-gram,
Signal Processing, 2004. Proceedings. ICSP ’04. 2004 7th International Conference on, Vol. 2, pp. 1605-1609 (2004).

[10] C.Osgood, G.Suci and P.Tannenbum: The measurement of meaning, Ur-bana:University of Illinois Press (1967).



