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ABSTRACT

Playing cooperative games should be fun for everyone in-
volved. Part of having fun in games is being able to perform
well, be immersed, and stay engaged [18, 30, 31]. These in-
dicators of experience are part of a game player’s Quality of
Experience (QoE).

One of the primary causes of QoE degradation in online
games is lag, a general term for communication delay and
loss due to poor network conditions [7, 10, 12, 33, 34, 42].
Current lag mitigation strategies are constructed using the
assumption that when evaluating the QoE of a player only
that player’s network conditions impact their QoE [5].

We have designed an experimental framework to study the
effects of lag on a group of players by measuring a gamut of
subjective and objective QoE metrics. Our results indicate
that the change in QoE of one player due to their lag has a
cascading effect on the QoE of the other players.

Understanding a player’s QoE as a cascade function that
includes other users’ network conditions provides a more
complete understanding of the impact of lag in cooperative
multiplayer games. This has the potential to improve lag
mitigation strategies for multiplayer games and other group
applications.

1. INTRODUCTION

Playing cooperative games should be fun for everyone in-
volved. Part of having fun in games is being able to perform
well, be immersed, and stay engaged [18, 30, 31]. These in-
dicators of experience are part of a game player’s Quality of
Experience (QoE). Previous research has shown that a high
QoE in a game makes it more likely that players will play
the game longer which translates into increased profit for
the game developer.

One of the primary causes of QoE degradation in online
games is lag, a general term for communication delay and
loss due to poor network conditions [7, 10, 12, 33, 34, 42].
Game developers and academic researchers both operate
with the assumption that for any given individual in a group,
that individual’s QoE is affected only by their own network
condition and not the network conditions of the other group
members [5, 7, 9, 10, 12, 32, 35, 37, 42, 43]. Current lag mit-
igation strategies are constructed using this assumption [5].
We show that this assumption is not always correct.

We have designed an experimental framework to study the
effects of lag on a group of players by measuring a gamut
of subjective and objective QoE metrics. Using this frame-
work, we have studied player interactions in controlled group
sessions with Mass Effect 3, an online cooperative multi-

player third person shooter (TPS) type game. Our results
indicate that the change in QoE of one player due to their
lag has a cascading effect on the QoE of the other players.

Understanding a player’s QoE as a cascade function that
includes other users’ network conditions provides a more
complete understanding of the impact of lag in cooperative
multiplayer games. This has the potential to improve lag
mitigation strategies for multiplayer games and other group
applications. These strategies may include networking tech-
niques such as prioritizing data center traffic for lagged users
using D, DCTCP, or similar protocols [3, 38]. Other strate-
gies might include improved player behavior prediction, bet-
ter server processing behavior, and improved time warp re-
sponses.

The rest of this paper is organized as follows. Section 2
describe previous research related to user QoE in networked
applications. In Section 3 we described background on QoE

and collaborative applications. Section 4 described the method-

ology of our study and Section 5 presents its results. Finally,
we conclude in Section 6.

2. RELATED WORK

The effect of network latency and packet loss on the ex-
perience of a single user is well studied. Previous research
shows that high latency, high jitter, and moderate loss neg-
atively impact the experience of a single user [4, 5, 6, 12, 14,
19, 24, 25, 32]. The effects of high latency and high jitter
are most apparent when they occur together [6, 27].

Some types of online games have been shown to be more
sensitive to lag than other types [4, 5, 28]. In particular,
First (and Third) Person Shooters tend to be the most sensi-
tive. This is because they require the user to respond quickly
to input while directly controlling a single character.

The QoE of players in a multiplayer games has been pre-
viously tested in four general ways. These ways are simula-
tions of user interactions through artificial intelligence (AI)
bots in competitive tasks, observational studies in real-world
applications, in applications developed for the specific re-
search, and as by-products of studies interested in single
individuals’ QoE [8, 9, 11, 16, 20, 21, 26, 27, 33, 41]. These
previous studies focused on the QoE of players with lag, but
did not directly examine the QoE of group members with
no lag.

3. BACKGROUND

In this section we describe properties of collaborative ap-
plications, how QoE can be quantified in such applications,
and an overview of current lag mitigation techniques.



3.1 Cooperative Application

This study examined QoE during matches of Mass Effect
3, a popular video game available on both PCs and console
game systems [2]. This game features a team of players
who cooperate to defeat computer-controlled enemies. Mass
Effect 3 uses a peer-to-peer (p2p) matchmaking system so
no central server is directly involved in the game matches.

There are several features of Mass Effect 3 which make it
ideal for cooperative gaming research. It encourages coop-
eration between players but does not require it for the game
goals to be reached. The game mode choice allows the exact
same game character avatars, level map, and enemy distri-
bution to be chosen. In addition, Mass Effect 3 provides a
scoring system where each player gets an individual score at
the end of a match, allowing for an objective performance
measure.

Mass Effect 3 encourages cooperation through a two part
combination attack system. In this system, one player can
use a power which will mark an enemy as the first step.
When a second player uses a matching power on the marked
enemy, a larger amount of damage is done than without
the marking process. This combination attack is a highly
effective play strategy, but not the only means of overcoming
the computer controlled enemies.

3.2 QoE Defined

Quality of Experience is a way to represent a player’s
emotional, cognitive, and behavioral responses to a specific
system [13, 22, 39]. QoE is multi-dimensional and repre-
sents the player’s total experience. The dimensions which
are most important are dependent on the system studied.
In this study the systems analyzed are matches in a popular
multiplayer game, Mass Effect 3 [2].

The QoE dimensions which are important in a multiplayer
cooperative game are Concentration, Enjoyment, Sense of
Being, Performance Gains, and Exploratory Behaviors. Each
of these categories can be quantified through subjective and
objective metrics associated with them, as described below.

Understanding the QoE a player has during a session
with an application requires the measurement of multiple
metrics[13, 39, 42]. The QoE measures examined were Con-
centration, Enjoyment, Sense of Being, Performance Gains,
and Exploratory Behaviors. For all measures a high rating
equates to a positive contribution to QoE and a low rating
equates to a negative contribution to QoE. Each measure
has both objective and subjective metrics associated with
it.

Metrics were recorded using three tools. An EEG device
was used to record the players’ brain activity while playing
the game. A keylogger was used to record command input
during each match. Surveys were used to record players’ self
reported experiences. A record of each players’ Score was
taken after each match.

When measuring QoE dimensions objectively and subjec-
tively, the measurements taken are by definition quantifying
different aspects of the dimension. Because of the difference
between a player’s perception and reality, certain ways of
measuring the dimensions may show a strong signal in ei-
ther the subjective or objective metric but not in the other.
This is seen in previous work where the correlations between
examined metrics tend to vary greatly [13, 23, 39]

3.3 QoE Measures

Concentration is a measure of a player’s ability to focus
on the game. When a player is focused completely on a
task, then the Concentration measure is high. The subjec-
tive metric for Concentration is a survey question asking
the player to rate how Engaging the match was. A high
Engaging rating indicates as high level of Concentration.
The objective metric Concentration is an Attention rating
gathered by the EEG device [1]. When a player has a high
level of Attention then their Concentration measure is high.
The device used categorizes Attention into five levels: Low,
Somewhat Low, Normal, Somewhat High, High [1].

Enjoyment is a measure of a player’s feelings of happi-
ness during a match. A survey question asking the player to
rate how Enjoyable the match was is used as the subjective
metric for Enjoyment, with a high player rating meaning
high Enjoyment. The objective metric for Enjoyment was
Time Dilation which was established through a survey ques-
tion asking the player to indicate if the match felt shorter,
longer, or about the same length of time compared to other
matches. When a player indicates that a match was shorter
than usual when it was not indicates that the player had a
high Enjoyment. If the player indicates that a match was
longer than usual when it was not then they have a low
Enjoyment for that match.

Sense of Being is a measure of a player’s feeling of being
part of the actual game world. When the player has a sus-
pension of disbelief and the feeling that the character they
control is a direct representation of themselves within the
game world then the Sense of Being is high. The subjec-
tive metric for Sense of Being is a survey question asking
the player to rate how Immersive they found the match to
be. If the player finds the match to be highly Immersive
then their Sense of Being is high. The objective metric for
Sense of Being is a Calmness rating gathered by the EEG
device, called Meditation by the device developers [1]. This
Calmness rating is an indicator of what is commonly con-
sidered a feeling of “oneness” or being “in the zone.” When
the Calmness rating is high then Sense of Being is high.

Performance Gains is a measure of the player’s ability to
become better at tasks implicit to the game. A survey ques-
tion asking the player to rate the match’s contribution to
skill Improvement is used as a subjective metric for Per-
formance Gains. If the player feels the match contributed
to Improvement, then Performance Gains are high. A sec-
ond question asking the player to rate Impairment when
controlling their character is used as a subjective metric as
well. When the player feels that their control was suffer-
ing Impairment then their Performance Gains are low. The
objective metric for Performance Gains is the Match Score,
which is based on the player’s actual ability to score hits
and perform cooperative tasks within the game. A high
Match Score indicates that the player experienced Perfor-
mance Gains during that match, with higher Match Score
indicating higher Performance Gains.

Exploratory Behaviors is a measure of the player actively
learning about the game environment. This learning can
be related to the physical layout of the game world as well
as more subtle elements such as underlying rules controlling
computer controlled enemy behaviors. The subjective met-
ric for Exploratory Behaviors is a survey question asking
whether the player tried a New Play Style in the match.
A player trying a New Play Style indicates positive Ex-
ploratory Behaviors. The objective metric for Exploratory



Behaviors is provided by analyzing the keylog for the match
and determining the nature of control inputs. When control
inputs indicate a rise or decline in specific behaviors, such
as use of special powers, the player has explored new ways
to play the game.

3.4 Lag Mitigation

Several lag mitigation techniques are in current use [5].
These techniques are intended to reduce the impact of lag
on a player’s QoE during a gaming session. The following
lag mitigation techniques are the most frequently used for
online games.

Behavior Prediction algorithms are used to adjust the
game state to predicted states before user input is received.
The game server attempts to predict the player’s behav-
ior in order to send the most appropriate state updates to
that player. This reduces the information which needs to
be sent as state information which does not directly impact
the player or objects in view of the player does not need
to be transmitted. The client machine attempts to predict
enemy behavior in order to place the enemies in the cor-
rect locations before getting confirmation from the server.
This allows the game to appear to be continuous despite the
inherent periodicity in state update information.

Two different Time Manipulation approaches are used.
Time Delay is a method where the latency to all players in
a group is measured and then artificial latency is added to
the information flow to players who do not have the worst
natural latency. This is an attempt to provide a mathe-
matical level playing field for all players. Time Warp is a
technique where the server applies client input based on the
timestamp of the input, rather than the arrival timestamp
of the input information. This allows the client computer
to accept input that does not have to be forecast into the
future game state but can be applied to the game state the
player is experiencing.

Information transmission techniques are also used to re-
duce the apparent impact of lag. Data Compression algo-
rithms are used to reduce the size of information packets.
This allows for effectively higher bandwidth and room for
information redundancy strategies.

Game servers prefer to use UDP for information communi-
cation. This reduces the latency caused by TCP retransmis-
sion and allows for bursts of information without the need
for a ramp-up period. When UDP is not available, TCP is
used instead.

Finally, Visual Trickery can be used to mitigate the impact
of lag. This can include using Behavior Prediction models
to present the game state in probabilistic states. It can
also include things such as ignoring state update information
that does not impact the player, such as changes in terrain
or precise location of area effects.

4. METHODOLOGY

We developed a methodology based on previous work in
Sociology and Computer Science to study QoE in a cooper-
ative group application [30, 39, 40, 42]. This methodology
consists of taking both subjective and objective measure-
ments during periods of play. In order to study the real
world impact of lag, human participants were used in an
application that benefited from cooperation but does not
strictly require cooperation for the players to succeed in
reaching the game’s goals.

Table 1: Studied Factor Sets

Set Number Location Latency Jitter Loss

0 Same Room Oms +0ms 0%
1 Same City 60ms +30ms 1%
2 Same State 120ms +60ms 2%
3 Same Country  180ms +90ms 3%

Four factor sets of lag were emulated for one of the players.
QoE was measured during each game session using both sub-
jective and objective metrics. All measurements were com-
pared for correlation using the Pearson product-moment cor-
relation coefficient between the lagged player and unlagged
players. When a change in a metric for the lagged player cor-
relates to a change in the same metric for unlagged players,
that impact is considered to have cascaded because it travels
beyond the player directly affected and onto the unlagged
players.

A questionnaire given after each match was used to record
player-reported metrics. In addition to questions directly
related to metrics of QoE, users were also asked whether they
attributed any loss of enjoyment to network degradation.
During play a wearable EEG and a keylogger were used to
record objective metrics.

A total of 160 experimental matches were played. Each
participant participated in at least 12 but no more than 20
matches. The participants were paired in permutations that
ensured no same pair was together for more than 8 matches.
Each participant experienced each factor set approximately
an equal number of times, and at each set was experienced
at least 2 times.

4.1 Emulated Network Conditions

In order to investigate the impact of lag on cooperative
game players, network conditions to one player was emu-
lated. The network condition factor sets sets were based
on common network conditions based on the geographical
distances between players [15]. These sets include represen-
tative lag for a user located in the same room, city, state,
and country as the other group members [17, 29, 36].

Latency, jitter, and packet loss were combined into repre-
sentative sets for ease of experimentation. These are stud-
ied in combined groups to represent realistic conditions and
reduce the total number of experimental episodes needed.
Each of the are the round-trip totals. In the case of Jitter,
transmissions in each direction had half of the listed value
applied according to a normal distribution.

4.2 Experiment

A set of self-selected volunteers formed the pool of players
studied. This pool comprised a set of individuals from the
local community, both students and non-students, of both
genders and with an age range of approximately 18-30 years.

Before research began, a briefing for all players was held.
At this briefing the players were informed of the general
nature of the study, including that the network conditions
to one or more computers may be changed artificially at
some point in the study.

During the research episodes players were co-located on
adjacent computers, allowing for free verbal communication
during the experiment as is common during normal online
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Figure 1: Experiment Setup

play. The player responsible for setting up a two-part com-
bination attack was an expert player. The other two players
in each match used characters that can perform the second
step in the combination attack. This expert player was the
only player lag was applied to, and was the same individ-
ual for all tests in order to allow for a standard comparison.
One of the unlagged players was selected at random as the
match host.

S. RESULTS

We examined the cascading impact of lag by adjusting the
level of network performance on the path to the game server
for only a single member of the group while taking QoE
measurements for all group members. These measurements
were taken from all group members within a popular real
world collaborative application.

The collected data show that the QoE of a player is im-
pacted by the decreased network conditions of other players.
This is counter to previous assumption that a player’s QoE
is only impacted by their own network conditions [5, 9, 12].
Additionally the data show that when examining the cas-
cading impact of lag, the correlations between objective and
subjective metrics may not be the same for the unlagged
players as they are for the lagged player.

5.0.1 Impact on Lagged Player

In our study, we see that the QoE of the lagged player is
affected by lag in the same manner seen in previous work.
As the lag becomes worse, the lagged player’s QoE metrics
become lower.

5.0.2 Cascading Impact on Unlagged Players

Table 2 shows each QoE metric’s level and strength of
correlation between the lagged player’s degradation of QoE
due to lag and that of the other players in the group. The r?
value estimates the fraction of the variance in the unlagged
players’ responses that is explained by the values in lagged
player’s responses. A high 72 value indicates a strong cor-
relation between the two variables. The p-value is a test of
statistical significance. A p-value below 0.05 typically indi-
cates that it is likely the correlation is not due to random
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Table 2: Correlations of Change in QoE Metrics

QoE Metric  Correlation (r?) p-value

Engaging ~ 0.38 < .015
Attention ~ 0.52 < .003
Enjoyable ~ 0.56 < .002
Immersive =~ 0.56 < .002
Match Score ~ 0.62 < .001

chance. All of our p-values are below 0.015 which indicates
that the correlations are statistically significant.

For the metrics of Engaging, Enjoyable, Immersive, and
Match Score, we now know that in general as the measured
QoE metric decreases for the lagged player, the same metric
will decrease for all players in the group. In the case of
Attention, the unlagged players showed an increase when
the lagged player showed a decrease.

The Ratings for Engaging, Enjoyable and Immersive are
shown in scatterplots in Figures 4- 10 representing change
in response. All changes are relative to the Same Room
factor set (Set 0). The values are the change in percentage
of times that the rating was given during each emulated lag
set. As the emulated lag becomes worse, the changes in
ratings becomes more extreme.

Attention is scored at five levels, allowing for a plot that
functions in the same manner as the subjectively rated plots.

The correlation values for Match Score are for raw scores
over all matches. Because the Match Score is not categorized
in the same manner as the rest of the metrics, its correlation
overall is a more appropriate measurement.

5.1 Inability to Attribute QoE Decrease to Lag

Figures 19 and 20 show the players rating the amount of
impact network conditions had on their Enjoyment, with a
rating of 5 indicating no impact. While the lagged player’s
responses correlated to the lag, the unlagged players’ re-
sponses did not correlate to the level of lag. This indicates
that the unlagged players were not able to correctly attribute
their decrease in QoE to changes in the amount of lag.
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6. CONCLUSIONS

The lag of just one player can cause a cascading impact
on the QoE of other players. This is counter to previous as-
sumptions that only a player’s own lag impacted their QoE.
Understanding the cascading impact provides additional in-
formation when designing cooperative online games.

For our subjective measures, this impact is negative for
both the lagged and unlagged players. In the case of Score,
there is a slight increase in this metric for Performance Gains
when there is a slight amount of lag. This is seen in pre-
vious research as well and bears further analysis in future
work [5]. Measured Attention levels, both Above and Below
Normal did not behave in the same manner as other met-
rics. Because there is a dearth in research using brainwave
measured levels of Attention, future work must be done to
understand why this metric behaves thusly.

When asked to rate the amount of QoE degradation caused
by network issues, the unlagged players were not able to cor-
rectly attribute degradation to the lag present. This indi-
cates that when analyzing the QoE of a cooperative multi-
player game, a user’s report stating that network conditions
are acceptable may not reflect reality.

Having a group member lag decreases the experience for
everyone, but understanding that lag has a cascading im-
pact opens many new areas of systems research and appli-
cation development. Current lag mitigation techniques are
not sufficient when dealing with this cascading impact and
may actually be decreasing the overall QoE of the players.
Some new techniques may include prioritizing game requests
of only the lagged users in data centers using mechanisms
such as D? or DCTCP can improve application usability for
all users [3, 38]. It may also be possible to modify current
techniques to address this cascading impact.
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