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Motivation

• Educational Psychology
o Learning = Trajectory of p

Learning = Growth of ideno Learning = Growth of iden
o Learning

How individual interacts 
MaterialsMaterials
Social contexts

How interactions change
How individual construct
completing tasks)

o Learning Transformatio
peripheral participant (Lav

b f imember of a community.

y, Learning Sciences
participation (Greeno, 1997)
ntity within community (Gee 1999)ntity within community (Gee, 1999)

with

e over time (i.e. grouping behavior)
ts knowledge (i.e. apprenticeship, 

on of individual from legitimate 
ve & Wenger, 1991) to central 



Virtual Environm

• Sony Online Entertainment’s
o Massively Multiplayer Online

Players sign on simultaneoy g
world
Interact and collaborate wit

• Venue for studying:
Individual/group learning beo Individual/group learning be

o Social interactions, literacy, 
• Social interactions are easier

worldworld.
o Today’s computing technolo
o Apply data mining technique

ments

s EverQuest II
e Role-Playing Game
usly to the same online, persistent virtual y p

th each other through in-game characters

haviors and trajectorieshaviors and trajectories.
community membership.
r to capture compared to the real 

ogies allow for speedy data capturing.
es for analysis.



Performance Me

• Long been studied in Industr
Research.

• Performance = Productivity +Performance  Productivity 
• Performance Metrics

o Assembly line balancing pro
minimization of idle time.

o Maximum possible produ
o Can we leverage this for me
o Being able to measure playe

difficulty levels Allow for i

etrics

rial Engineering – Operations 

+ Quality + Inventory Quality  Inventory

oblem: maximize efficiency through 

ctivity in a given time duration.
easuring online player’s performance?
er’s performance over time across 
ndividual/group learning patterns



Impact of Groups 

• Operations Research
o Recent trend in manufactu

teams as a practice.p
o Goal: Increase performanc

• MMORPGs
o Nature of games encouragg g
o Homogeneous vs. Heterog

Monster raids vs. Ques
o How does group formation

on Performance

ring plants to adopt formation of work 

ce, especially quality.

ge group formations (quests).g g p (q )
geneous group formations.
sts
 affect individual player performance?
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Objective – Player Ra

• How does an individual
does he progress throudoes he progress throu
o Progress = indication of le
o Analyze performance data

Performance = f(Productivo Performance = f(Productiv
o Completing a set of tasks

Selection of tasks (i.e. ch
challenging tasks)challenging tasks)
Duration of task complet
Task difficulty, points ga

o Compute player ratings.o Compute player ratings.
• Past performance = pre

performance?

ating Methods

 learn in EverQuest II? How 
gh levels in the game?gh levels in the game?
earning
a
vity Quality)vity, Quality)

s
hoosing easy tasks vs. choosing 

tion, number of attempts
ined

edictor of future 



Performance Metrics 
Performance = F (ProPerformance  F (Pro

• Productivity
o Number of tasks completed
o Amount of Experience point
o Time factor: Total actual pla

Player can be signed on for
complete one or more taskscomplete one or more tasks
Not all players are task-orie
socializing with other peopl

Index #1
oductivity)oductivity)

s gained
y time (session time)
r 24 hours, but the actual play time to 
s could be less than thats could be less than that.
ented, meaning they could spend time 
e, not necessarily completing tasks.



Performance Metrics 
Performance = F (ProPerformance  F (Pro

• Performance of player K at a certain

Index #1
oductivity)oductivity)

n Level



Performance Metrics 
Performance = F (ProPerformance  F (Pro

Q lit• Quality
o How well can a given player 
o Success Ratio

(# f l tt t ) / (#(# successful attempts) / (# 
attempts)

Index #2
oductivity Quality)oductivity, Quality)

complete one or more tasks?

f l tt t # f lsuccessful attempts + # unsuccessful 



Performance Metrics 
Performance = F (ProPerformance  F (Pro

Index #2
oductivity Quality)oductivity, Quality)



Is Performance Predic

• Is Past performance a good p
performance?
Level 25 Level 26Level 25 Level 26

Player 
A

Level 25 Level 26 Level 27

PlayerPlayer 
B

PlPlay 

Per definition of Performance Metrics methods #1Per definition of Performance Metrics methods #1
Player B took less time to advance from Level 25 
Consistently Player B shows that he is a better pla

ctable?

predictor of a player’s future 

Level 27 Level 28Level 27 Level 28

Level 28 Level 29

TiTime

and #2, Player B is a better player. and #2, Player B is a better player.
to Level 26.

ayer than Player A.



Is Performance Predic

• Catch
o Past is a good predictor of futur

go?
I Pl A’ f b to Is Player A’s performance betw
of his performance down the roa

Level 25 Level 26

Player 
A

Level 25 Level 26 Level 27

A

Player 
B

Play 

ctable?

re performance. But, how far back do we 

L l 25 d L l 26 d di teen Level 25 and Level 26 a good predictor 
ad, say to advance to Level 70?

Level 27 Level 28

Level 28 Level 29

Time



Performance data re

D t t M h 2006 A t 2006 XP- Dataset: March, 2006 ~ August, 2006 XP
- The game’s ding points are indicative of p
needed to move from Level i to Level i + 1.
• Another source of player level difficultyp y y
• How much effort is actually being spen

eveals…

P d t (M t Kill ONLY)P data (Monster Kills ONLY)
player level difficulty or how much effort is 
.
y is the game’s performance data.y g p
nt to move from Level i to Level i + 1



Performance data re

• Tasks performed by players up until Leve
ti t i ith i i ltime spent increases with an increasing le

• Between Levels 50 and 55, the actual tim
with what is expected.
• Beyond Level 55 up until Level 68, the acy p ,
• Tasks performed were not challenging en

decreasing level of task difficulty.

eveals… (findings)

l 49 were more challenging than expected as 
l f t k diffi ltevel of task difficulty.

me spent is well in accordance

ctual time spent is well below what is expected.p p
ough as time spent decreases with a 



Performance data re
(applications)(applications)

U d t di f h ll i t d• Understanding of challenge associated w
through challenges while not pushing the

• Construction of player training programs (

eveals… 

ith E Q t II (k i l t t i dwith EverQuest II (keeping players entertained 
m too much)
(i.e. games, military, etc.)



Impact of Group For
Individual Player PeIndividual Player Pe

• Is it better to play alone or as part of a gro
alone vs. playing in groups?
Dataset March 2006 XP data (Monster K• Dataset: March, 2006 XP data (Monster K

rmation on 
erformanceerformance

up? Is the success ratio higher when playing 

ills ONLY)ills ONLY)



Impact of Group Forma
Player Performance (finPlayer Performance (fin

• In most levels, individual players’ success 

ation on Individual 
ndings)ndings)

ratios are higher when they played in groups.



Impact of Group Forma
Player Performance (finPlayer Performance (fin

• As the player level increases, the proportio
• Higher level players tend to fight more diffi

group with other players in order to succes
Additi ll l hi hi h l l- Additionally, players reaching higher levels ar

Moreover, a player’s higher level status attracts

ation on Individual 
ndings)ndings)

on of players playing in groups increases.
icult monsters which presents the necessity to 
ssfully kill the monsters.

i li d t j i ild idre more inclined to join guilds or raid groups. 
s other players to group with him.



Performance Metric 

• At each player level (Level i), we select N 
1 scores.

• The game’s existing ding points-based poi
a fixed amount of points to be gained between 
- Given a player’s Performance Metric 1 score G e a p aye s e o a ce et c sco e
i+1 and Level i + 2, we can compute the total s
prediction as to how fast this player will advanc

1 - Evaluation

players and compute their Performance Metric 

int scaling system dictates that there is
any Level i and Level i+1.
and the fixed amount of points between Level a d t e ed a ou t o po ts bet ee e e

session time (play time) and this becomes our 
ce to the next higher level in the future.



Performance Metric 
(findings)(findings)

• We compare the predicted play time against the 
and observe at each player level what is the mar
Fi 5 h th t f L l 2 d 3 th• Figure 5 shows that for Levels 2 and 3, our meth

• Between Levels 4 and 48, the margin of predictio
• Beyond Level 48, the margin of error increases a
• For higher level players, our method tends to und

1 – Evaluation 

actual play time. We take the ratio between the two 
rgin of prediction error is.

d d ti t d th t l l tiod underestimated the actual play time.
on error stays well within 18% boundary.
and players’ performances become less predictable.
derestimate the actual play time.



Performance Metric 
(more findings)(more findings)

- A
bebe
in
in

1 – Evaluation 

As the player level increases, group formation 
ecomes a more common occ rrence And pla ingecomes a more common occurrence. And playing

n groups leads to higher success ratio at the 
ndividual player’s level.
• There is a tradeoff between playing solo versus 

playing in groups From timing perspectiveplaying in groups. From timing perspective, 
playing solo allows a given player to advance 
faster than it would if he were to play in groups.

• From the perspective of successful task 
completion and success ratio playing in groupscompletion and success ratio, playing in groups 
serves as an advantage in that the chance of 
getting a given task done is higher for a given 
individual player in this setting.



Performance Metric 1 –
past as a predictor of fupast as a predictor of fu

- In one use case, we used the immediate past
as a predictor for future performance (from Lev

I th th d th di t t- In the other use case, we used the distant pas
predictor for future performance (from Level i +

– Evaluation (distant 
uture performance)uture performance)

t performance data (from Level i + 1 to i + 2) 
vel i+2 to i+3). Pink plot.

t f d t (f L l i t i + 1)st performance data (from Level i to i + 1) as a 
+ 2 to i + 3). Blue plot.



Performance Metric 1 –
past as a predictor of fupast as a predictor of fu

- Figure 6 shows that the margin of prediction eg g p
performance data as predictor for future perfor
the quality of performance data as a predictor f
increasing distance on the player level scale.
- Our finding indicates that in order to incorpora- Our finding indicates that in order to incorpora
proposed Performance Metrics method, some 
must be applied in such a way that the most we

– Evaluation (distant 
uture performance)uture performance)

error is larger when we use the distant past g p
mance. It is evident from the results that
for future performance decays with an 

ate more distant performance data into theate more distant performance data into the 
sort of a weight assignment or decay function 
eight is given to the most immediate past.



Performance Metric 

• We conducted a similar experiment to eva
• In this experiment, we used only monster k

freadily amenable to analysis in terms of su
would mean the death in the game, while f
other tasks. 

• The results were not significantly different g y
results.

• In monster kills, taking quality into conside
better predictions.

2 – Evaluation

aluate Performance Metric 2.
kill tasks for analysis because these tasks are 

fuccess and failure. Failure in this context 
failure cannot be readily described for most 

from the Performance Metric 1 evaluation 

eration for performance metric does not lead to 



Conclusion

• EverQuest II’s existing ding points-
well in accordance with the actual p
historical performance data.

Th l l f l it th t tho The level of granularity that the
lead to fine tuning of the existin

• Performance Metric 1 is suitable fo
performances in absence of impactp p

• For certain type of task (i.e. monste
performance plays an insignificant 
performance.

based point scaling system is in general 
player performance observed in the game’s 

f d t ff t ti lle performance data offers can potentially 
ng point scaling system
r predicting individual players’ future 
t of group formation.g p
er kills), the quality aspect of individual 
role in predicting player’s future 



Future Directions

• More thorough and comprehensive
formations (homogeneous, heterog
group members, etc.) and their imp
D fi lit i ll t f t k i• Define quality in all types of tasks in
more generalizable individual playe

• Investigating individual learning traj
decay/weight model for leveraging y g g g

• Developing group performance met

e studies on different types of group 
geneous, social interactions amongst the 
pact on individual players’ performances.

th f th f d i in the game for the purposes of devising 
er performance metrics.
jectory over a larger time span (i.e. 
distant performance data)p )
trics.
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