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Research

MHP: Model Human Processor

The Psychology of Human-Computer Interaction (1983) by Card, Moran & Newell

PO. Recognize-Act Cycle of the Cognitive Processor. On each cycle of the
Cognitive Processor, the contents of Working Memory initiate actions associatively
linked to them in Long-Term Memory: these actions in turn modify the contents of
Working Memory.

LONG-TERM MEMORY

O = *,
Hyrm = %
| —t Kyt = Semantic

WORKING MEMORY

P1. Variable Perceptual Processor Rate Principle. The Perceptual Processor cycle
time 7, varies inversely with stimulus intensity.

P2. Encoding Specificity Principle. Specific -~ what

is perceived determine what is stored, and \ jeval
cues are effective in providing access € .ﬁ

P3. Discrimination Principle. The difficulty o VAN e
candidates that exist in the memory, rel

P4. Variable Cognitive Pr Rate Pr ipl The Cognitive Processor cycle
time r_ is shorter when greater effort is induced by increased task demands or
information loads; it also diminishes with practice.

VISUAL IMAGE AUDITORY IMAGE twu = 3 [2.5~4.1] chunks —
STORE uwn'=7 |5~9] chunks
Swm = 7 |5~226 sec
Swm (1chunk) = 73 [73~226 | sec
Ay (3 chunks) = 7 |5~34 ]| sec
xwm = Acoustic or Visual

By = 200 |70~1000 | msec |5ys = 1500 [900~3500 | msec
pyig = 17 [T~17] letters | ups =5 [4.4~6.2 letters
Kys = Physical Kais = Physical

JL[Illlllllll.llll..lll“‘z

P5. Fitts’'s Law. The time ﬂ»& to move the hand to a target of size S which lies a

Cognitive distance 0D away is given by:
Processor .
- Ty = Iy109,(D/S + .5), (2.3)
erceptua
Ponon«c. where /,, = 100 [70~120] msec/bit.
p = 100 [50~200 | P6. Power Law of Practice. The time T, to perform a task on the nth trial follows a
msec A
Motor power law:
Eye movement = 230 [70~700 | msec Processor T,=T;n" %, (2.4)

M= 70 [30~100

S where a = .4 [.2~.6].

P7. Uncertainty Principle. Decision time 7T increases with uncertainty about the
judgement or decision to be made:

TalcH,
where H is the information-theoretic entropy of the decision and

M lo = 150 [0~157] msec/bit. For n equally probable alternatives (called Hick's Law),

H =log,(n+ 1). (2.8)
For n alternatives with different probabilities, p,, of occurence,
H =%, plog,(1/p, + 1). (2.9)

P8. Rationality Principle. A person acts so as to attain his goals through rational
action, given the structure of the task and his inputs nformation and bounded by
limitations on his knowledge and processing ability:

Goals + Task + Operators + Inputs
+ Kno ge + Process-limits — Behavior

P9. Problem Space Principle. The rational activity in which people engage to solve a
problem can be described in terms of (1) a set of states of knowledge, (2) operators
for changing one state into another, (3) constraints on applying operators, and (4)
control knowledge for deciding which operator to apply next.

Figure 2.2. The Model Human Processor—principles of
operation.
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The Xerox Star workstation, officially
known as the "8010 Star Information
System" was introduced by Xerox
Corporation in 1981. It was the first
commercial system to incorporate
various technologies that today have
become commonplace in personal
computers, including a bitmapped
display, a windows-based graphical
user interface, icons, folders, mouse,
Ethernet networking, file servers,

print servers and e-mail.
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Model Human Processor, The Psycholoqy of Human-Computer Interaction
1983) by Card, Moran and Newell

LONG-TERM MEMORY

S = %, ST EERBICREIN
S R AR VBR D {5 X AR L)

WORKING MEMORY

VISUAL IMAGE AUDITORY IMAGE w9 [£:94:1] chunks
STORE STORE uwm' =7 |5~9/| chunks
Owm = 7 5~226 | sec
Swm (1 chunk) = 73 [73~226 | sec
dwm (3 chunks) = 7 |5~34 | sec
xwm = Acoustic or Visual

_]llllllllllllll.llll“‘z

Byis = 200 |70~1000 | msec 5,5 = 1500 |900~3500 | msec
Hyis = 17 _N.(—.N_ letters Has = 5 _,b&.lON _ letters

xkyis = Physical R !»_m\s/m.:<m.nu.

=

SN
Z <) C

e
NETOLYE AL s

Perceptual é
’ Processor
rp = 100 |50~200 |
msec
Motor

: Processor
Eye movement = 230 |70~700 | msec
} ‘M= NQ uQ'_QQ

msec
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Figure 2.6. Working Memory decay rate.

Subiject is given either one or three words or consonants to remember. He counts
backwards (preventing rehearsal) for a time and then recalls stimulus. Graph plots
proportion of items correctly recalled as a function of the time elapsed until recall
began.
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Figure 2.27. Recall of the names of high-school graduating
class, seven years after being graduated.
Replotted data from Subject S1 in Williams and Hollan (1981).
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An ant [A man], viewed as a behaving system, is quite simple. The
apparent complexity of its behavior over time is largely a reflection of the
complexity of the environment in which it finds itself.
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By Herbert A. Simon (1916~2001)
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Simon’s Ant on the Beach
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* Project B*B: Developmental processes of fan
loyalty for the professional baseball team ‘The
Hokkaido Nippon-Ham Fighters’

 http://www.nassm.com/files/conf abstracts/2009-234.pdf

* http://idisk.me.com/mkitajima-Public/english/papers-e/
NASSM2009-Poster1.pdf
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EVOLUTION OF FAN LOYALTY

stay at the repeater stage

O Fukuda o Takakazo Kaneya s oo Aya FUKUGE

NASSM200
. OUTLINE OF THE STUDY

= Recruiting nine fans with high loyalty who
represent different fan styles by a Web survey
followed by a group interview

Developmental processes of
fan loyalty for the
professional baseball team
“The Hokkaido

Nippon-Ham Fighters”

. Creating fan-loyalty evolution diagram for
each participant, or fan-history

. Osmm.&.:n their behavior in the stadium, . Integrate the nine fan histories to understand
3 games in July, August, and September ccommon paths to evolve fan loyalty

. Conducting depth interview for
understanding how they have come to show
their current behavior

ABOUT
THE FIGHTERS

FIGHTERS IS

top-priority to visiting the stadium

RECRUITING EEHE OBSERVATION

DEPTH INTERVIEW

g company,

+ Recruiting nine fans who
represent different fan styles

+ Have the selected participants
visit the Sapporo dome three

« Conduct structured
interviews after each visit to

Causes to make
them stage-up

I e of Nippon by a Web survey followed by a  times to watch designated the Sapporo dome

groupinterview Fighters-hosted games. o - Ath
FIGHTERS HAS BEEN - - . e vk ot the «3.35
IN SAPPORO FOR 5 YEARS £

viewing behavior,

— Including scoring scenes, fied events between

Fan

Show interest in watching
Fighters’ games at the
stadium and visit occasionally

‘exhbited remarkable changes in physiological
data

FIGHTERS USES _ -
THE SAPPORO DOME 0120 June 2008, of whom approximately 30,000 « Each participant was

interviewed three times with )
different purposes

were supposed to represent different "fan styles* game

and have differont istoris i reaching the current

fan status, e, loyaty status. -
"~ Firstnterview for understanding how the

DRAMATIC INCREASE IN THE participant currently enjoys the game (July)

NUMBER OF FANS REGISTERED

WITH THE OFFICIAL FAN CLUB

38,776 (2004), 41 193 (2006), 60,216 (2007),

‘and 74,974 (2008} - ioubled in 5 years

Causes to make
them stage-up

AWARDED BY EXCELLENT FAN
SERVICES IN 2007

in the Figh

BACKGROUND
OF THE STUDY

NOBODY KNOWS WHY o 0200

e —

PART OF JAPAN' S NATIONAL
PROJECT TO SUPPORT SERVICE

_u_‘o:. Pre-Fan to Fan

of a star player" and "expectation of the league championship.”
n "Watch the fans cheering.”

3 "Know the players and the team" and "unexpected talent of players outside
baseball."

5 "Collecting the Fighters' goods",
6 "Recording and/or collecting events of live games as proof of watching them",

From Fan to Repeater

1 “Watching live games at the stadium”
2 "Knowing the rules of baseball" an owing the team",

3 "Watching games by oneself," "one's wife became a fan by following his lead,"
with his/her friends at the stadium," or "meeting persons who
visited the stadium.”

4 "Presence of players who always come to his/her mind."

7 "Expectation of the climax series and the Nippon series", some of them are
just dying to watch those series,

8 "Communication with the other fans when watching live games",
9 "Network comm at he/she accesses during
information, posting opinions, et

10 "Seeing the players closely,
live action on a professional

CONCLUSIONS

* This study revealed histories of the nine
participants that demonstrate how the
participants climbed the steps of fan stages,
from the pre-fan stage to the fan stage, and
ultimately to the loyal-fan stage.

ve games for exchanging

PURPOSE
OF THE STUDY

ing camp in Okinawa®, and “seeing the

EEHFAN LOYALTY EVOLUTION MODEL

Don’t know.
_uam@m__

Cheering

Dominant * These features should suggest possible
paths that potential loyal fans should follow
and should provide valuable hints for
designing efficient fan services that help
potential fans to step up comfortably to the
loyal fan stage.

* This study constructed
“Fan loyalty evolution model”
by conducting “Cognitive
Chrono-Ethnography”

Game-Watching

Dominant from the pre-fan stage 1o the fan stage.

Be impressed by
the live games

from the fan stage to the loyak-fan stage.

0]
n
<
[\
=)
=
\O

o AST

This research was entrusted by the Ministry of Economy, Trade and Industry (METI)
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* Project B*B: Developmental processes of fan
loyalty for the professional baseball team ‘The
Hokkaido Nippon-Ham Fighters’

* http://www.nassm.com/files/conf_abstracts/2009-234.pdf
« http://idisk.me.com/mkitajima-Public/english/papers-e/
NASSM2009-Poster1.pdf

* Project B*B: A physiological approach to assess
and promote fan service in a professional
baseball game of ‘The Hokkaido Nippon-Ham
Fighters’

* http://www.nassm.com/files/conf_abstracts/2009-243.pdf

e http://idisk.me.com/mkitajima-Public/english/papers-e/
NASSM2009-Poster2.pdf
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NASSM2009

A physiological approach to
assess and promote fan service
in a professional baseball game of
“The Hokkaido
Nippon-Ham Fighter

ABOUT
THE FIGHTERS

FIGHTERS HAS BEEN
IN SAPPORO FOR 5 YEARS
m Tokyo to Sappor

FIGHTERS USES
THE SAPPORO DOME

DRAMATIC INCREASE IN THE
NUMBER OF FANS REGISTERED

AWARDED BY EXCELLENT FAN
SERVICES IN 2007

BACKGROUND
OF THE STUDY

NOBODY KNOWS WHY
Nobody knows acourately why the

PART OF JAPAN’ S NATIONAL
PROJECT TO SUPPORT SERVICE
INDUSTRIES

and technological underpinnings.

THE FIGHTERS PROJECT IS ...

1 such understanding with the ovel
provided.

BACKGROUND OF
PHYSIOLOGICAL
MEASUREMENT (1)

s affect autonomic nervous

logical signals such as

HRV

BACKGROUND OF
PHYSIOLOGICAL
MEASUREMENT (2

PURPOSE
OF THE STUDY

2009.10.30 =

ART WORK STAFF_ mowes AKINIKO FukuGa cooer Takakaz Kaneya  wenowesr Aya FUKUGE

METHODS

We measured the heart rate variability derived from ECG (electrocardiogram),
body acceleration, video images by viewpoint camera, and behavior of ten of the
m:n_.m:no (five females and five males, age:21-53) watching games of a Japanese

team, the ido Nippon-Ham-Fighters, atSapporo
Uo:.m .The audience participated in the experiments in one to three games
during the months from July to September 2008. We measured the data of 27
people in total.

EXPERIMENTAL EQUIPMENT

View point camera Behavior

Heart rate variability
and body acceler: measurement measurement
measurement
EXAMPLE OF HEART RATE
AND BODY ACCELERATION SIGNALS
start of Fighters’ Fighters’
game scoring win

120, |

I
110

Heart rate (HR) signal derived from
RR interval of electrocardiogram

m 100 measured from a subject watching
m. Fighters’ baseball game in July.
T o0

HR=60/(RR interval) [bopm]

0 30 60 90 120 150 180

Time [min]
start of Fighters'  Fighters’
game scoring win
3 80 « Body acceleration signal
E 60 measured from a subject
5 watching Fighters’ baseball
.m:.u. 40 game in July.
m 20
2
0 30 60 90 120 150 180
Time [min]
start of Fighters'  Fighters’
game scoring win
|
h HR response =
110 Deviation of HR from the linear
m. regression line (trend)
& 100
£ w Heart rate response
to Fighters’ scoring
80

o 30 60 90 120 150 180

Time [min]

RESULTS

CORRELATION BETWEEN HR RESPONSE
RESULTS [JH Pyt

DEPENDENCE OF INTEREST LEVEL IN
RESULTS [P raysasiutates

R=0.60
0 Happiness | 0.60
£ Tension 0.07 HR response to Fighters’ scoring
2 30 Fatigue -0.23 (averaged among all subjects)
2 0 & =
§ % ke Boring -0.27
8 10 Depression | -0.44 July 13.10 [bpm]
£ d
€ o Anger 0.3 August 4.91 [bpm]
£ Vigor 0.52
E itati 048 September 5.87 [bpm]
2 A 0 1 2 3
. y The heart rate responses to Fighters’ scoring decreased
Happiness (z-scored) in August and September compared to that in July.
Fighters were in contention for the league championship in July but fell
C i ient between jecti ion of i and behind the competition in August and September. Moreover, the game

heart rate response was 0.60.
This implies that we can use heart rate response to assess fan’ s
happiness during baseball game.

Linear regression line
” slope:-5.76 [bpm/hour]

0 30 60 90 120 150 180
Time [min]

The slope of linear regression line (trend) from the beginning of the
game till the m:n was :mwm:ﬁ for 22 out of the 27 subjects.

This g il and as the game
progressed.

schedule overlapped games at the Olympic Games in Beijing in August.
These factors might have affected the decrease in the excitement
response.

DEPENDENCE OF FAN CAREER
RESULTS [ RS eesae

HR response to Fighters’ scoring HR response to oppnent’ s scoring

=-0.57 =-0.01
15p e 0 .
. =
T E
a . 2 N
a | °. 2 .
10
3 84 -
g . =
3 o
g | . 2
g s o8
o
£ . LI
0
0 s 0 w0 20 o W0 10 20

Total # of game watched 408_ # of game watched
The heart rate increase response to Fighters’ scoring was likely to
become lower as the total number of Fighters’ games watched increased.
This indicates that responses to scoring became duller as the fan
career matured.

X85y S | PERCENTAGE OF TIME NOT WATCHING GAME

Analysis from view point camera and behavior measurement
% of time not watching game

The percentage of time not watching game during Fighters’ defense
was larger in cheering dominant subjects than in game watching
i subjects, whereas no difference was observed during

Type of subjects
cheering game watching
dominant dominant

During Fighters’ offense <1% <1%

During Fighters’ defense 29% 7%

Fighters’ offense.

CONCLUSION

This study introduced a new approach that
uses physiological signal (HR:heart rate) and
video analysis to assess fan service in a
professional baseball game.

Analysis of the measured data
clarified the followings:

(1) HR response had high ion with subjective level of

(2) HR response to scoring by supported team depended on
interest level in game and fan career.

(3) The slope of linear trend of HR was negative in 22 out of 27 subjects
showing i and as the game

(4) Cheering dominant subjects and game watching dominant subjects
showed clearly different behavior during supported team’ s defense.

MERBAIR I AT 2 (R KE)

This research was entrusted by the Ministry of Economy, Trade and Industry (METI).
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