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Abstract 

In this study, the understanding about multimodal perception from previous studies has been used to 
create a perceptually demanding visual search task inside a game. Also, a subtle multimodal cue 
was created to be in-directly informative about the visual search target’s location by attracting 

subjects’ attention. 20 subjects were divided equally among the experiments two conditions, one 
where the subjects had no access to the multimodal information and one where the subjects did have 
access to the multimodal information. The multimodal information conveyed to the subjects in this 
experiment was temporal synchrony between a visual light pulsating and a sound being modulated 
using level and low-pass filtering. Results showed that the subjects that were given the multimodal 
information improved more on the search task than the group without multimodal information, but 
the subjects in the multimodal group also perceived the pace of the task as higher. However, it is 

unclear exactly how the multimodal cue helped the subjects since the playing subjects did not seem 
to change their search movement pattern to favor the location of the search target, as was expected. 
Further, the difficulties and considerations of testing in a game environment is discussed and it is 

concluded that the gamer population is a very varied group which has big impacts on methodology 
of in-game experiments. To identify sub-groups, further research could study why different players 

use different search behaviors. 
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1. Introduction 

1.1. Background 

Humans detect multimodal perceptual cues constantly from our surroundings. This is how we 
perceive objects and patterns in our environment and on this information we then base our higher-
level cognitive abilities. This has become increasingly complex with the recent rapid technological 
advancement seen in electronics and different types of media, like for example content creation for 
games, which provides an increasing amount of artificially-produced perceptual cues that we use 
natural cognitive processes to sort out. In modern games and new platforms such as virtual reality, 
players get exposed to a considerable amount of sensory cues in several different sensory 
modalities. In these settings, the content creator’s goal is often to create believable and interesting 
environments for the players while also letting the players complete challenging tasks. But how 
does game designers approach the design of a task that is similar to a real world task, but not too 
hard or tedious for a game player to complete? Consider an example puzzle game where the player 
plays a master investigator. At a crime scene, the player is supposed to find the fingerprints of an 
unknown suspect on the back door handle. In reality, this would take a team of forensic scientists 
several hours to look for all sorts of clues which would obviously be very disruptive for a game 
narrative and extremely tedious for the player in the game. A game designer could have for example 
the a character in the game let the player know that the back entrance has not yet been searched or 
maybe have a few places marked on a map and the back door is one of them. It would be more 
interesting still to have an approach that is not obvious and that conveys the information in a 
natural, seamless way using multimodal cues. So how would one get a player to direct their 
attention to a subtle visual target point such as the fingerprints on the handle?  
 
Humans do have the ability to selectively direct attention to specific spatial events in a selective 
manner, as for example in the “Cocktail-party effect” (Cherry, 1953). However, this effect is 
dependent on the users interest and willingness to direct attention to the specific event, and also 
requires a high level of discrimination of stimuli. Instead, bottom-up, perceptual influences on 
attention seems more suitable for using recruiting of player attention as a way to guide players 
through a game as it seems to be a more viable choice to work with cues which the players react to 
involuntarily rather than cues that depend on the players willingness to direct their attention to 
them. 

Sensory crossmodal interactions are suggested to be ubiquitous in the human brain (Shams, 
Kamitani and Shimojo, 2000) and are used constantly in everyday scenarios. Consider a scenario of 
an average person crossing a street a late evening. When crossing, if the person hears the sound of a 
approaching car, the person will most probably stay and either watch the car go by or wait for it to 
stop. However, if there is no sound indicating an approaching car, many people would not bother to 
stay and look for one. This is a very natural scenario, but consider another example in a game 
environment. In the game Tetris (Tetris Holding, 1984) a player has to fit a series of falling puzzle 
pieces into a container to increase score, and as the score increases the falling speed of the puzzle 
pieces. This game is in essence a purely visual game where the player has to balance the steering of 
the puzzle pieces with planning of how to fit the coming puzzle pieces into the pattern, but how 
would the gameplay change if each unique puzzle piece had a unique sound cue, making the next 
puzzle piece identifiable without visual attention? The game would likely be less challenging as 
players would be able to combine sensory inputs to complete the task, something which comes very 
naturally to humans. In other words, we probably won’t have to look at which pieces that comes 
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next after a while as this information is already being acquired through our hearing. As Tetris is 
designed to be a challenging game the reduced effort for the user might not be desired as this would 
only lead to the game being played at higher speed for the same amount of difficulty. However, it 
can be interesting to see how this kind of cue could affect gameplay in games that are not based on 
on the game being a tough challenge, for example a story driven puzzle game, but before that kind 
of interaction can be devised, more needs to be understood about multimodal perception. 

1.2. Multimodal influences on low-level visual searches 

There have been several studies that has focused on audiovisual perceptual influences that can be 
linked to attention deployment. Kawahara (2007) showed that contextual cuing could be achieved 
between auditory and visual stimuli. Contextual cueing is a function in the brain used to guide 
visual spatial attention with the help of consistencies and structures of the spatial context. Humans 
detects patterns and target locations in the visual field and can from this guide the focus of attention 
to the next, predicted target point (Chun and Jiang, 1998). 

In the study (Kawahara, 2007), the subjects were exposed to short, non-intelligible speech 
segments. Shortly afterwards, the subjects were given a visual search task where they had to 
localize a T among a series of rotated L’s. Kawahara found that the subjects found the T 
significantly faster when each possible position of the target (T) had a unique, consistent speech cue 
just before it. However, the effect was lost with the use of less recognizable auditory stimuli. 

With the research previously mentioned by Shams et. al. (2000) as base, several studies on 
multisensory perception have been made with the focus on learning. In one of the studies, Seitz, 
Kim, and Shams  (2006) studies the effects of auditory stimuli when learning a visual task. To test 
this, a number of subjects has to identify a motion-pattern in among dots. The subjects were divided 
into two groups where one had congruent auditory stimuli (the perceived auditory motion correlates 
with the motion of the visual dots, they both moves the same direction) and the other did not have 
any auditory stimuli. Congruency is defined by the authors as a relationship between, in this case, 
auditory and visual stimuli which is consistent with prior experience and in nature in general and 
will continue to be used with this definition in this work. An example could be the difference 
between matching voices to faces and matching beeps in different pitches to different objects. This 
means that the motion of the dots and perceived direction of sound in the trials were the same, for 
the group that had auditory stimuli. The researchers found that the subjects with congruent auditory 
stimuli were favored in terms of efficiency and, in a mild degree, top results. It should be noted that 
the groups were compared on a unisensory, visual task, without any auditory information. The 
auditory information was only during the training sessions (Seitz et. al, 2006). 

In addition, Kim, Seitz & Shams (2008) argues that while multisensory training is more beneficial 
in terms of efficiency in situations where it is applicable, the congruency between the multisensory 
stimuli is important for this heightened efficiency to take place. In their study, the experiment from 
2006 (Seitz et. al.) was remade but with slightly altered conditions. In this experiment there was 
both a congruent and incongruent group of subjects. The congruency in this case was between the 
stimuli from different sensory modalities directional patterns, meaning the congruent groups stimuli 
were perceived to move in the same direction whereas the incongruent groups stimuli were 
perceived to move in opposite directions. The results showed that the congruent group learned the 
visual search task more efficiently. Since the amount information available to both groups were 
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equal but the learning differed significantly, the authors concluded that it is likely that the 
differences between the groups originate from low-level perceptual differences and not higher-level 
cognitive differences. 

Another example of literature that suggests ways that perception can be influenced through 
audiovisual cues is Van Campen (2008), who explains that while children may not follow or 
understand more complex musical arrangement, the addition of synchronous visual stimuli can help 
the children to follow the music. Bahrich and Lickliter (2000) investigated evidence for the 
hypothesis “Intersensory redundancy” proposed in the paper. Intersensory redudancy refers to 
infants perceptual processing that is argued to divide more attention towards amodal information of 
multimodal events. Amodal properties are information that can be communicated redundantly using 
several modalities, for example rhythm, intensity and temporal synchrony. When consistent 
information is presented in several modalities, Bahrich, et. al. (2000) argues that infants attentions 
gets drawn to an amodal trait at the expense of other, unimodally presented or otherwise non 
sensory redundant events (i.e. infants perceive amodal properties as more salient when these are 
conveyed redundantly, supposedly). 

Bahrick et. al (2000) conducted three sub-experiments. In all experiments, the 5 month old infant 
subjects were seated in front of a TV with a speaker slightly underneath it. The stimuli were 
audiovisual rhythmic patterns that were synchronized. The experiment procedure was to habituate 
the subjects to one rhythm and then change the rhythm to see how the visual fixation percentage (on 
the TV-screen) changes. A significant change of attention towards the visual stimuli was interpreted 
as evidence of discrimination. The differences between the three different experiments were the 
stimuli. In the first experiment, audiovisual stimuli was presented in synchrony. In the second 
experiment, unimodal stimuli was presented. In the case of auditory only stimuli, there was still a 
still visual image which was used to measure fixation percentage. In the third experiment, 
audiovisual was presented again. However, in this case the stimuli was presented out of synchrony. 

The results from these trials showed that the 5-month-olds directed attention towards the visual 
stimuli at higher rates when presented which multimodal stimuli in synchrony. Further, when 
presented with intermodal redundancy, more attention was directed towards amodal traits of the 
stimuli such as for example rhythm. In the two other cases, no significant evidence of 
discrimination was found (Bahrick & Lickliter, 2000). 

1.2.1. Other influences on perceptual attention 
 
The previously mentioned studies all seem to address mechanisms in the human brain that helps us 
detect patterns and properties which in turn helps us direct attention in a stimulus driven way. 
Humans seem to be particularly sensitive to patterns or consistencies across modalities and are more 
likely to prioritize multimodal events over unimodal events, assuming there is consistency or 
redundancy between modalities. However, there are other mechanisms in the human brain that 
direct attention to consider. Wolfe and Horowitz (2004) puts together a list of attributes and 
components that guides the deployment of attention during a unimodal visual search. While this list 
also includes components that attract attention on a high level, for example when a person sees their 
own name written, the list contains attributes that are likely to attract low-level attention, such as 
color and motion patterns. For example, a large color contrast would attract the attention of most 
subjects. For the auditory domain, it is not as clear exactly what features perceived auditory 
saliency depends on. Though, it is widely accepted that high contrast or abrupt changes in a setting, 
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whether it be visual or auditory, is highly salient. However, as the different nuances of salience is 
beyond the scope of this study, this information is sufficient. 

1.3. Multimodal influence on attention in games 

As the understanding of multimodal perception is growing, these findings could be used in practice 
to create new types of interaction. As multimodal interactions seems to be so widespread in the 
human perceptual experience, it could be argued that it is possible that information conveyed using 
several senses would be perceived as more natural or the information would be received more 
effortlessly by the users since a large amount of interaction humans do in their everyday lives are 
based on cues in several modalities. Also, with the provided background new ways of interaction 
could be used in games in the future.  

As an example, consider a game where a player needs to steer a flying aircraft in first person mode. 
In these settings, difficulty often arrises when the player is trying to orient themselves and localize 
targets, for example enemy aircrafts. In a real fighter aircraft, the pilot has years of training, a range 
of instruments and potentially an extra set of eyes in form of a co-pilot. A player in a game 
generally does not have access to that kind of help, and still has to manage a variety of functions in 
a simulation. In these cases some kind of help is usually implemented, such as red arrows on the 
edges of the screen representing enemies moving outside the field of view, but navigating a 3D 
space with three degrees of freedom can still be a complex task to perform for a player. With 
multimodal cueing in this game scenario, the content creator could potentially give the player a feel 
for where the enemy aircrafts are located in relation to the player, keeping them immersed in the 
drama of the game rather than the technicalities of the flight simulator. 

1.4. Training 

In some of the studies treated above training has been present and in some it has not. What is the 
difference between using training and not using training in an experiment? What kind of 
information could be conveyed using multimodal cues without training, and vice versa? With 
training, experimenters has been shown to able to teach subjects certain associations. For example, 
in Kawahara’s study from 2007, subjects learned to associate certain speech-sounds to spatial 
locations and also to rely on the learned connection to complete a task faster. This requires learning 
because the subjects would have no reason to connect the heard syllables with a specific spatial 
location unless they have been exposed to the consistency many times. 

Examples of when training is not needed is when the information is amodal, i.e. being conveyed 
using several modalities redundantly. Bahrick et. al. (2000) suggests that intersensory redundant 
amodal information becomes more salient than information conveyed unimodally, which means that 
content creators could use the increased saliency to help perceivers solve tasks without them being 
trained by being exposed to the cue many times. However, the task’s design would then have to 
revolve around subtleness so that more salient targets would help subjects solve the task. 

1.5. Purpose and aim of the study 

The aim of this study is to examine how content creators could use multimodal cues in a game 
context to affect the player experience, specifically by helping players to direct attention in 
scenarios where the players are challenged with a visual search task. Is the kind of multimodal cue 
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presented here helpful for the players? What limits the usage of such effects in content creation? 
This research could be considered a natural step in content creation development, since many fields 
in game creation (for example graphics) strive for realism in many cases. Humans are already 
skilled at, and more inclined to, picking up information conveyed using several modalities rather 
than single modalities (Bahrick & Lickliter, 2000) There is also a growing evidence in the literature 
that subjects who are trained to use multimodal cues improves performance on search tasks. So 
there is an opportunity here to understand how these mechanics may work in the context of game 
design content that mimics reality, for example realistic games or VR application. In a game, 
however, we cannot demand that players participate in numerous training sessions. Also, because 
games are games and not life, we want to be able to use amodal cues that are not exactly realistic. 

With a further understanding of how players react to multimodal cues game designers could acquire 
a range of new tools to enhance the gamer experience, for example multimodal cues could be used 
to decrease the difficulty for players that are stuck on a level. To keep the pace of the game 
narrative, the game designer could choose to implement cues as clues that makes the target or goal 
in the game more salient so that the players that become stuck find it easier. Another area of usage 
could be to remove amodal information from events that are distracting the players, indirectly 
making the target more salient. Generally the increased understanding of multimodal cues could 
give game designers the tools to craft game environments that focus on leading the players on using 
perceptually driven cueing, which could lead to games that are much more nature-like with less 
explicit instructions from the game. This could increase the sounds role in game creation in the 
future and bring more close collaboration between sound and visual development in a game 
development scenario. 

2. Pilot Study 

To build on the perception literature, it was decided to base the game scenario around a visual 
search task, as the task had to be constructed so that a multimodal cue might be helpful. The search 
task needed to be subtle enough for the help to be desirable and the effects of it observable. A pilot 
test was run to test and refine a scenario, interaction and cue that could be used in the main 
experiment.  
 
The visual search task was put into a game context by placing the player in a medieval-type 
dungeon in the game. The players were then told that they were to be executed if they did not 
escape the dungeon. To escape, the subject had to pick one out of six doors that were placed along a 
wall. They were also given a drawing of a symbol that is referred to as a rune. Each door had 
several runes, though only one, on one door matched. The players were instructed to find the door 
with the correct rune. So, the subjects had to inspect each door carefully and compare the runes they 
saw to the drawing provided. When the door was opened, the trial was completed and the subjects 
won the game. The multimodal cue provided revolved around temporal synchrony and consisted of 
a light that was slipping out under each door, flickering in different speeds to reassemble flickering 
candles, and a pad-like sound that was modulated using level and low-pass filtering to simulate 
pulsating. In the trials where multimodal information was available, the sound and light flickering 
of the correct door was synchronized, and in the trials where no multimodal information was 
presented the light and sound was not synchronized. 

�8



The test included two groups that tested two different conditions, an asynchronous group that did 
not have any informative multimodal information and the synchronous group that had informative 
multimodal information. 

The main measurement taken was task completion time, which measured the time it took the 
subjects to complete the task. The synchronous group was predicted to have faster task completion 
times than the asynchronous group if the multimodal cue influenced their attention in such a way 
that it helped them with the search task. 

2.1 Method  

Participants: The participants of the study were 14 students from the Luleå University of 
Technology. All the subjects self-reportedly played games regularly. 

Visual stimuli: The visual target for the search task presented in the experiment consisted of twelve 
runes in different shapes placed on six identical doors, placed with equal distance from each other, 
along a straight wall. There were 10 unique runes in one trial, 9 distractors and 1 target. There were 
2 unique targets, one for each level. The distractors were rotated randomly in increments of 90 
degrees. The target were always presented in neutral rotation to avoid subject confusion. Also, light 
came out under each door that was created to reassemble candlelight. This light pulsated in different 
rates for each door and served as the visual part of the multimodal cue. The light’s pulsation rate 
was set to randomize in the range of 0,375 to 0,625 Hz. These rates were decided, based evaluation 
by the author, not to be unrealistically fast or slow. Both the light and the different runes on a door 
can be seen in figure 2.a. 

Auditory stimuli: The auditory stimuli was 
a synth-based pad sound made with 
Spectrasonics Omnisphere 2 (n.d) that was 
made to sound like a drone or an 
atmospheric sound. The sound was based on 
the patch “Child of the stars”. The sound 
was non-spatialized and automated using 
volume and low-pass filtering to simulate a 
pulsating feeling. The rate of the automated 
pulsation rate was either synchronous or 
asynchronous with the pulsating light of the 
correct door. In the asynchronous trials, the 
automation rate was randomized inside the 
game engine. Other sounds were also 
present in the game level, but these were 
only added to add realism, believability and 
ecological validity as a game environment. 
Examples of such sounds were footsteps, 
looping fire sounds and ambience sounds. 

In-game env ironment: The game 
environment was created using Unreal 
Engine 4 (Epic Games, n.d.). The game 
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Figure 2.a. One of the six doors presented to the subjects. 
The twelve runes can be seen on the left side of the door. 
The pulsating light can be seen slipping through the 
cracks and underneath the door.



level was designed to look like a dungeon where the player was trapped. The level was quite dark, 
only to be lit up by torches and candles. This was used to build the game setting, making the level 
feel more like a game and not an experiment. Most of the assets used was a part of the Infinity 
Blade: Fire Lands asset package that is provided for free by Epic Games for Unreal Engine 4 (Epic 
Games, 2015).  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Figure 2.b. The instruction room. This is where the player starts. Behind the bars on the far end there is 
some prison interior. On the table is the letter with instructions. Behind the subjects is the entrance to the 
experiment room.

Figure 2.c. The experiment room. This is the view from the entrance to the experiment room. The subject is 
presented with six doors that all have pulsating lights underneath them, pulsating at different rates. Other 
than a few braziers and the doors, the room is empty.



 
The game level consisted of two main rooms, an instruction room which can be seen in figure 2.b 
and an experiment room which can be seen in figure 2.c. In the instruction room, the letter with 
instructions was placed on a wooden table. Otherwise, the instruction room interior was designed to 
look like a dungeon or a prison. The experiment room was designed in the same style, but aimed to 
be as clutter free from interesting objects as possible to avoid the subjects examine the interior of 
the room too closely, as this could. The experiment contained a few rocks, four braziers and the 
doors which acted as visual stimuli. 

Essential game logic: To measure task completion time, a timer was constructed using logic in the 
game engine. A float value was updated each frame by adding the duration of the previous frame to 
the current float value. This way, any frame-rate fluctuations’ effects on time measurement were 
negated. The measurements started as the subjects traversed a trigger box that were located in the 
rift between the instruction room and experiment room and the measurements ended when the 
subjects opened the correct door. 

The light pulsating was done using stationary lights behind each door. In the game engine, the 
intensity of these were continuously modulated using a sine-wave. The intensity value of the correct 
door in the synchronous trials were then also normalized to the range of 0-100 and then used to feed 
a Real Time Parameter Control (RTPC) node used by Wwise (Audiokinetic, 2017). In Wwise, the 
RTPC value were then used to synch the auditory modulation with the pulsating light of the correct 
door. In the asynchronous trials, the same procedure were done. However, the RTPC-value was not 
fed from the intensity of the correct door but rather a modulation of the same type but with a 
randomized rate, unrelated to the correct door. 

The randomization of the doors and runes were done using placeholders and arrays inside Unreal 
Engine 4. In the map, there were 6 holes in the wall where the doors was supposed to be spawned. 
In each hole, a placeholder was placed and these were later added to the same array. There was two 
different objects that could be spawned at each hole, the correct door or a false door. There can only 
be one correct door, so when the correct door is spawned all the rest will be false doors. The game 
engine then spawned a door at each hole with a 50% chance of it becoming the correct door. 
Further, the order in which it spawned the doors had to be randomized or the correct door would be 
more likely to spawn at the hole in the wall that the game engine spawns first than the hole in the 
wall that the game engine spawns last. To do this, the placeholders at the holes in the wall were 
added to an array that was randomized using the shuffle-node in Unreal Engine 4 every time the 
game was started. With this logic, the correct door will always be more likely to spawn at the first 
location selected but since this is also randomized, the doors position will not have a clear pattern 
which is sufficient for this experiment. Also, if the first five doors are false the last will be a correct 
door. There was always one correct door and five false ones. 

To spawn the runes, a similar approach was used. There was twelve placeholders placed on each 
door used to set the spawning locations of the runes. The runes were placed on the doors in a similar 
fashion as the doors were placed in the world. For the correct door, the spawning order was 
randomized in order to prevent the correct rune to be placed more frequently in one spot on the 
door. In this case there was logic to prevent that none of the 12 runes on the correct door were the 
correct one. 

�11



Experiment procedure: The subjects played one trial each, all with the same target rune. All 
subjects started at the same position and were prompted to move forward to read the instructions 
explaining the game. The instruction were on a letter on a table, and stated as follows: 

“Greetings friend  
 
This is your friend, the Wizard. Read this letter closely, it will most likely save your life. I 
know you have helped me numerous times in the past, and so I will do my best to aid you in 
this.. sticky situation. As you very well know, you are to be be executed at dawn. 
Unfortunately for your captors, I prefer my friends alive. As you might have noticed, I have 
blown a hole in the wall behind you. Honestly, I am not sure how you could sleep through 
that.. but anyway, go through the rift and into the following room.In there, you will face an 
ancient arcane challenge we in the wizard community like to call Antikus Dörrus 
Utmaningus. It is a fun little challenge where I have hidden your salvation, a portal key, 
behind one of the doors and you have to figure out which one. However, the doors are quite 
noisy, so you do not want to open the wrong one in case the guards hear you… Normally I 
would just let you interpret the arcane runes on the doors to find the portal key, but since 
you probably will be dead before you have a time to do so I will help you. On the back of 
this paper, I have drawn the shape of the rune that indicates the correct door. All you have 
to do is to compare the rune on the backside of this paper with the ones on the doors. The 
door with the rune that corresponds with the one drawn will be the door that hides your way 
out.  
 
Press “R” to pick up the paper and put it down. Press “TAB”  to inspect the backside of this 
paper.” 

After that, the subjects played until the task was completed. Following the trial, the subjects were 
asked to answer a questionnaire. Five questions were asked on the questionnaire, all deriving from 
the task load index (TLX) scales (Hart, 2006). The included questions, or categories which the 
subjects were asked to rate, were the following: 

• Mental demand 
• Temporal demand 
• Effort 
• Performance 
• Frustration level  

The only question from the TLX-scales that was not included on the questionnaire was the question 
about physical demand, as this is not relevant for the task. Definitions for these terms can be found 
below and have been used directly from Hart (2006). The subjects were not given these full 
definitions, but very concise versions in order to avoid cluttering of the questionnaire. The shorter 
versions of the definitions were taken directly from NASA’s official website (Hart & Staveland, 
n.d.). These can be found on the questionnaire, available in appendix F. To make up for the potential 
loss of understanding, subjects were told to ask if anything needed further clarification.  
 
Mental demand: “How much mental and perceptual activity was required (for example thinking, 
deciding, remembering)? The scale was divided into 20 steps where 1 indicated very low mental 
demand and 20 indicated very high mental demand.” (Hart, 2006, p. 5) 
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Temporal demand: “How much time pressure did you feel due to the rate or pace at which the task 
occurred? The scale was divided into 20 steps where 1 indicated very low temporal demand and 20 
indicated very high temporal demand.” (Hart, 2006, p. 5) 

Effort: “How hard did you have to work to accomplish your level of performance? The scale was 
divided into 20 steps where 1 indicated very low effort and 20 indicated very high effort.” (Hart, 
2006, p. 5) 

Performance: “How successful do you think you were in accomplishing the goals of the task set by 
the experimenter (or yourself)? How satisfied were you with your performance in accomplishing 
these goals. The scale was divided into 20 steps where 1 indicated perfect performance and 20 
indicated complete failure” (Hart, 2006, p. 5) 

Frustration level: “How insecure, discouraged, irritated, stressed and annoyed versus secure, 
gratified, content, relaxed and complacent did you feel during the task? The scale was divided into 
20 steps where 1 indicated very low frustration and 20 indicated very high frustration.” (Hart, 2006, 
p. 5) 

Qualitative feedback: In addition to the 14 subjects of the pilot study, an additional 3 subjects were 
also asked to evaluate the detectability of the multimodal cue. This was done by informing the 
subjects about the relationship between sound and pulsating light (the multimodal cue) and then 
asking them to identify the correct door only based on this as quickly as possible. The speed of the 
pulses were then changed in three increments: same as the larger pilot study, slower and faster. The 
subjects were then simply asked which were easier to detect. They were also asked what they think 
would have made it easier to detect the multimodal cue, if informed about the connection. Each 
subject got to play the synchronous trials as many times as they liked and gave individual feedback. 
Afterwards, the three subjects and the experimenter discussed the points brought up. 

2.2 Results 

Player understanding: The results from the pilot study showed that the instructions were 
understandable by most of the subjects. However, some did not understand important mechanics 
such as the ability to view the letter from the wizard (which had the drawing of the correct rune on 
it) by pressing a key on the keyboard. Therefore, the instructions were changed slightly to improve 
clarity and understandability of these vital mechanics. Specifically, this meant another line was 
added to the end of the instructions clarify that the players could toggle visibility of the piece of 
paper: 

 “Tip: If you forget what the rune looks like, you can always press “TAB” to show it again.” 

Some subject did not understand that the door they had opened was the incorrect one when there 
was nothing except some smashed crates in the room behind the door. These subjects were found to 
linger in the room behind the door, seemingly confused with the game level. To prevent this, 
floating 3d text was placed in every room, explicitly telling the subject wether the room was the 
right or the wrong one. The following line were used in the game:  
 
 “This is the portal key! Quickly, approach to teleport to safety!” 
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and also: 

 “You opened the wrong door! Quickly, find the right one!” 
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Figure 2.d. Histogram over the recorded task completion times from the asynchronous group. Presented in 
seconds.
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Figure 2.e. Histogram over the recorded task completion times from the synchronous group. Presented in 
seconds.



Task completion time: One subject was eliminated in the remaining statistical testing due having 
excessive problems with understanding the game mechanics, to the extent that it required 
experimenter interference to get the subject to finish the trial. To analyze the task completion time, a 
two-tailed independent t-test was used. As shown in figure 2.d and 2.e, the data reassembles a 
normal distribution and thus a t-test is a meaningful analysis method. All t-tests in this study was 
calculated with GraphPad’s online t-test calculator (2017). The t-test returned not significant with 
p=0.657018 (t=0.45635, df=11, α=0.05). This means that it doesn’t seem to be a difference in how 
fast the two groups completed the trial. One thing to note is that the spread of performance is fairly 
large. While there is a possibility that the multimodal cue does not help the subjects in terms of 
search speed, there is also a possibility that the spread of the two groups is large enough to obscure 
any possible effect of the multimodal cue. 

Player task load: To compare the two groups perceived task load, the answers were coded into 
numbers 1-20 (there were 20 steps on the scale). The assessed scores can be seen by each sub-scale 
in figure 2.f for the synchronous group and 2.g for the asynchronous group. It can be seen that the 
task load of the synchronous were higher than the task load of the asynchronous group in many of 
the sub-scales. Some differences were minor, but the most notable differences were that mental 
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Figure 2.f. The synchronous groups assessed task load by each sub scale. A higher score means higher 
perceived load.



demand and performance went up for the synchronous group. However, an independent two tailed 
t-test showed that the difference in mental demand between the two group can not be considered 
significant with p=0.0817 (t=1.9162, df=11, α=0.05). A similar t-test was run on the values of 
effort. That test also returned not significant results with p=0.0831 (t=1.9063, df=11, α=0.05). 
Considering these were the greatest differences, the other differences are assumed to be not 
statistically significant either. Also, it should be noted that the spread in some of the sub-scales 
assessments does not reassemble a normal distribution, i.e. the mean did not represent the collection 
of data well, and thus a t-test would not have been an accurate analysis method for these. However, 
for mental demand and effort the mean seems to be representative for the data collected. 

Light pulsation rates: All the three subjects that were asked to evaluate how easy it was to detect 
the multimodal cue while informed about it responded that a faster time was more easily detectable. 
Using the slower rates, it took the subjects longer time and more effort to distinguish which door 
was the correct between several doors that happened to have one or a few light pulses synchronized. 
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Figure 2.g. The asynchronous groups assessed task load by each sub scale. A higher score means higher 
perceived load.



Auditory stimuli: The three subjects that gave qualitative feedback regarding the detectability of 
the multimodal cue also mentioned that the auditory cue was very subtle as in they perceived it as a 
part of the ambience of the scene and did not pay much attention to it. They suggested that if the 
cue would be more distinct, they would likely notice it more. The multimodal cue was designed to 
be subtle, but it is crucial that the subjects can distinguish the sound from the ambience in order for 
the subjects to be able to perceive the multimodal cue as intended. 

2.3. Discussion 

The results of the pilot study gave many insights into how to change the experiment for a more clear 
observation in the main experiment. The recorded task completion times showed no significant 
difference between the two groups, but also a quite wide variation. It seems like there is such big 
variance in the gamer population, that even if there was an effect it would not be observable with 
the current sample size. Therefore, the methodology for the main experiment was altered. Instead of 
examining the two independent groups towards each other, every subject got to play two trials 
instead of one and then examine the changes in task completion time.  

As for the changed detectability of the multimodal cue with a different rate at which the pulses play, 
this is an interesting addition to the understanding of what boundaries that limits the usage of 
multimodal cues. In the current literature, there seems to be two main boundaries; congruency (Kim 
et. al. 2008) and recognizability of the stimuli (Kawahara, 2007). Simply put, if we do not see the 
pattern we are not going to be effected by it. Since the cue did not show to be effective in these 
trials, either the congruency of the stimuli was not detectable or the stimuli was not recognizable 
enough. As the three informed subjects did comment that the auditory was very subtle, it seemed 
likely that the subject simply did not recognize the pattern because they did not note the auditory 
cue. Therefore, the auditory stimulus was altered to include more high frequency content. The high 
frequency content in the cue would provide larger contrast against the ambiences of the level and 
thus being more salient and distinct to the players. As shown by Eysenck as well as Wolters & 
Verduin, more distinct stimuli can be expected to be more recognizable (as cited in Kawahara, 
2007). 

Also, although there were no statistical significance between the groups assessments on the TLX 
scales, the synchronous group showed higher task load on all sub-scales. This could be indicative 
that the subjects in the synchronous group is playing the game differently than the asynchronous 
group, and by doing so affecting their playing experience into becoming more overall demanding of 
the player. However, the said differences are quite small and could be the result of a specific type of 
player being placed more frequently in the synchronous group for this sample. 

3. Main Study 

3.1. Method  
 
The method of the main study was similar to the method of the pilot study with the exception of the 
following: 

• One subject runs two trials instead of one to have the experiment compare the difference in 
performance of each individual, as the populations big variance in performance in the game seems 
to be large enough that the planned subject pool of 20 will not be enough to observe the any 
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possible effect.  

• Faster pulses in the multimodal cue, as this was found to possibly have a connection to how easy it 
is for subject to detect the multimodal cue. The rate was changed to a randomized value between 
0.425 and 0.75 Hz. 

• Elements were added to the game environment to keep subjects from making simple mistakes 
such as lingering in the wrong room without knowing it is the wrong room or not knowing how to 
view the image of the correct rune. 

• Altered the auditory stimuli, as the informed subjects found the auditory stimuli not salient and 
found it difficult to recognize the temporal synchrony between auditory and visual stimuli, even 
after being informed about it’s presence. Therefore, an iteration of the auditory stimuli was made by 
layering the original pad sound with a pitched up version of the same sound. 

3.2. Results 

Task completion time: The time for three subjects, subject A8, S4 and S6, were adjusted to 
compensate for flaws in the game engine logic built by the experimenter. In two of the cases, the 
timer was accidentally triggered before the subject had read the instructions resulting in very long, 
non-informative completion times. In one case, the subject did not trigger the end timer as intended 
when the subject approached the open correct door. The game executed the logic as intended in all 
other cases. These adjustments of the time were made using the recorded video material of the play 
through. 

To see wether the multimodal cue is beneficial in terms of search speed, a two-tailed paired t-test 
was used to determine if there was a significant improvement between the two trials. In figure 3.a, 
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Figure 3.a. Box plot of the task completion time difference for the two groups. Negative 
difference indicates worsened performance on trial 2.



3.b and 3.c is a visual representation of the data to see wether the data reassembles a normal 
distribution as well as getting a general view of the data. As seen in figure 3.b and 3.c, the data 
seems to reassemble a normal distribution and such t-tests is a valid analysis method. The paired 
two-tailed t-test for the asynchronous group returned not significant results with p=0.472 (t=0.7506, 
df=9, α=0.05) while the paired two tailed t-test for the synchronous group returned significant 
results with p=0.008477 (t=3.353414, df=9, α=0.05). This indicates that there was a significant 
improvement in the synchronous group while there were no improvement in the asynchronous 
group. However, the asynchronous group contained subjects that were on the far negative side of 
the task completion difference (meaning they were much slower the second trial). To be sure that 
these subjects did not skew the t-test into returning a not significant result when the result might 
actually be significant, a paired t-test was run without the two most extreme subjects in the negative 
direction. The two-tailed, paired t-test returned no significant difference between task completion 
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Figure 3.c. The difference in task completion time between the first and the second trial for the 
asynchronous group, plotted in increments of 25 seconds.

Figure 3.b. The difference in task completion time between the first and the second trial for the 
synchronous group, plotted in increments of 25 seconds. Values directly on the bounds of each bracket 
are included in the plotting of the interval to the right (e.g. the value 0 would be included in the plotting 
of the interval 0-25). This also applies for fig. 3.c.
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times between trial 1 and 2 for the asynchronous group, even without the two most negative 
subjects, with p=0.2804 (t=1.1698, df=7, α=0.05). 

Players’ search behaviors: The only learning in the game was that the players got the chance to 
familiarize themselves with the in-game environment and task, which has been indicated to be a 
minor effect considering the difference of task completion time in the asynchronous group. 
Therefore, this cannot have been the cause of the improvement seen in the synchronous groups 
performance. However, another possibility of the difference in performance may be different search 
strategies. Therefore, the recorded video material was analyzed to categorize different types of 
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search strategies that the subjects executed. The subjects search strategies was divided into six 
categories. One subject can be placed in several categories if they seem to change strategy or 
combine several of the strategies described. The categories that were observed in the material was 
systematic search movement, semi-structured search movement, random search movement, 
uncertainty, opening random doors/guessing and confusion/ignoring game task. These are defined 
below. 

Systematic search movement: The subject has a systematic approach to the task. They choose one of 
the doors on either end and continues the search on the next door in line until they have searched all 
the doors or found the sign that indicates the right door. 

Semi-structured search movement: The subject moves similarly to the systematic search movement 
in the sense that they choose the next door in line when they search. The difference between this 
strategy and the systematic search movement is that the subject might start somewhere in the 
middle of the line of the doors and search one side, then return to the middle and search the other 
side. Also, some subjects that were placed in this category skipped one or several doors for no 
apparent reason in the middle of the search, and then returning to these later. 

Random search movement: The subject does not seem to have a pattern in their search. A subject 
placed in this category might choose doors to search seemingly at random and also skipping doors 
closer to them without apparent reason. 

Uncertainty: Subjects placed in this category finds the correct sign on the correct door and confirms 
it by placing the crosshair(middle of the screen) on top of it. But instead of opening the door and 
completing the trial, they continue to search doors they have not looked at yet. 

Opening random doors/guessing: The subject opens doors without examining the symbols on the 
front. Some subjects fall back on guessing after searching without finding with the previously 
mentioned search strategies. Note that what differs this term from Random search movement is that 
the subject is opening doors seemingly without inspection, while the random search movement only 
implies that the subject searches doors in a seemingly random order or unstructured way. 

Confusion/ignoring game task: The subject does not fully grasp the challenge or the subject ignores 
the presented challenge to do something else in the game environment. 

In figure 3.d, the number of subjects that used the three main search strategies is plotted. A complete 
breakdown of the coded video is can be found in appendix A. When studying figure 3.d, it is 
revealed that the most noticeable difference between the search strategies of the two groups is that a 
lot fewer subjects in the synchronous group chose to use a random search movement and fewer 
chose to guess. As seen in figure 3.e, the subjects that chose to use random search movement scored 
slightly faster times in general compared to the other groups. To see wether this difference was 
significant, a two-tailed independent t-test was used to rule out that there were no significant 
differences between the random search movement and the systematic search movement strategies. 
The systematic search movement was chosen in the comparison due to it being the most frequently 
used search strategy. The test returned not significant results with p=0.440803 (t=0.78237, α=0.05). 
This indicates that the search strategies can be treated equally. 
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Player task load: In order to see if the subjects in either group perceived the task as more or less 
demanding, the answers from the questionnaire was coded into numerical values for analysis. 
Notice that the weighting process of the original NASA-Task Load Index (NASA-TLX) procedure 
has been eliminated in this study due to increased simplicity. Non-weighted TLX measuring is 
referred to as Raw TLX (RTLX) (Hart, 2006).  The assessments of the TLX sub scales can be found 
in figure 3.f for the synchronous group and 3.g for the asynchronous group plotted as box plots. 

Some scales, such as mental demand and frustration, remained largely unchanged between the 
groups. The other scales were visibly changed though. It seems that when temporal demand for the 
synchronous group went up, the amount of general effort went down and the subjects felt slightly 
more satisfied with their performance. To check if the difference in temporal demand between the 
groups, which is the most prominent change from the visual inspection of the data, is significant. 
This is done using an independent, two tailed t-test between the assessed valued of the two groups. 
The test showed that the synchronous groups assessed temporal demand values were significantly 
larger than the asynchronous with p=0.013545 (t=2.73692, df=9, α=0.05). As the results showed 
there was a significant difference, the assessed values for effort were also compared between the 
two groups with an independent, two-tailed t-test. The test showed that there was no significant 
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Figure 3.f. The assessed values of the different TLX sub scales for the synchronous group.
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Figure 3.g. The assessed values of the different TLX sub scales for the asynchronous group.

Figure 3.h. Task completion time difference plotted against temporal demand. Two subjects that were 
located far on the negative X-scale were excluded in favor of resolution.



difference between the assessed values of effort between the groups with p=0.070783 (t=1.92049, 
df=10, α=0.05). Since the difference in assessed performance is deemed to be as small or smaller 
than the change in effort, this test is not carried out but is assumed to be non-significant.  
 
As temporal demand showed to be the only sub scale where a difference was found, this was cross 
referenced with the task completion time to see wether any connection could be found. In figure 3.h 
the assessed temporal demand is plotted against the task completion time for both groups. The two 
groups seems to be very vaguely connected in that those subjects that had a bigger task completion 
time improvement also seemed to rank the temporal demand somewhat higher. It should be noted 
that this sample size is fairly small and a bit too small to determine trends. However, the graph can 
serve as a vague indication of general connection between the two parameters. 

3.3. Discussion 

The statistical analysis to note are the t-tests that tests significance within the both groups. The in-
group analysis of the asynchronous group indicated no significance while the in-group analysis of 
the synchronous group did show a significant increase in performance. This indicates that the 
introduced condition for the synchronous group, a multimodally synchronous cue, had a positive 
effect on the task completion times for this group of subjects. However, as the systematic search 
movement was the most frequently used search strategy the results does not seem to indicate that 
the multimodal cue is so salient that the subjects immediately notice and act on, as in changing their 
search movement strategy to prioritize the door with the multimodal cue. An explanation to how the 
multimodal cue still can be effective could be that the effect in this particular use is subconscious or 
that it had other effects on the subjects that were not picked up by the methodology of this 
experiment. Since the subject were not asked for qualitative data other than from the few that 
provided feedback regarding the detectability of the multimodal cue it is not possible to tell. 

An important aspect of this experiment to notice is the experiment design. As the question is 
whether the existing understanding about multimodal perception can be utilized in a game context, 
in an ecologically valid way, we cannot conclude that it can or cannot be done but the design 
choices made for this game did not provide strong evidence for how. In part, this is a result of the 
many variables in game design, but also, this is an issue of experimental control. To make the game 
ecologically valid meant let go of control in the experimental design, which made it harder to find 
clear patterns in the results. For example, the instructions for the level is quite vague. The 
instructions do include certain cues that is supposed to provoke a reaction from the subjects in form 
of a feeling, like for example that the fact that the player is supposedly being executed soon is 
included to signal that the time is limited. It might seem like the natural choice to just declare to the 
subjects that they are under time pressure and that the task should completed as fast as possible. The 
problem is that games are games and they are not completely clear in all cases, nor do content 
creators want to be forced to rely on directly telling players what they are supposed to do but rather 
cue it in ways that feel realistic, believable and convincing. In this case, a good question would be 
wether the subject comprehended the cue provided in the instructions and how different subjects 
perceived the time pressure. As seen by the possible connection between task completion time 
difference and temporal demand, the different understanding of the sense of urgency provided by 
the instructions might be a contributing factor to the large spread seen in task completion time 
difference. The nature of the possible connection, that subjects who perceive a higher temporal 
demand also seems to be faster, may seem somewhat counter intuitive in the sense that people who 
score fast times would perceive the task as easy and signal low demand. However, this might reflect 
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back on player understanding of the instructions. Players that got the sense of urgency could have 
been more likely to focus on solving the task faster than the players that assumed they had no time 
limit.  
 
What should be noted is that while this could potentially be an explanation to the data seen, the 
assessed temporal demand still differed significantly between groups. At this point, it is unclear how 
this would be connected to the performance increase of the synchronous group, but as the subjects 
search faster with the multimodal cue they might also perceive the pace of the task as higher. On the 
other hand, it could be the distribution of different types of players that happened to skew the 
statistics. 

4. General Discussion 

A standing problem in this research of effectivity of multimodal cues has been the variety of 
players’ skill and performance on the presented task. This is a problem that should be acknowledged  
because it represents a problem that is very present for practicing content creators of interactive 
media. When creating a game, it is virtually impossible to predict how players will play the game 
and any attempt to direct the player behaviors requires trade-offs in terms of player freedom and 
other related attributes depending on game scenario. The solution for this problem in this research 
was to use individual comparison to observe every subjects change in performance, but this mainly 
reveals another level of the same issue; players’ understandings of the game context’s objective also 
seems to vary heavily. In previous research, testing with multimodal cues has included high 
amounts of training (Seitz et. al., 2006; Kawahara, 2007). This kind of experimental design choice 
results in the subjects performance and skill levels to be normalized as training progresses, which 
lets the experimenter to more easily observe the effects. In a game context, training is not available 
in the same extent, which is also why this study did not include training. Elements of training could 
of course be included in some game, but this would require players to play the game for an 
extended amount of time and the game scenario to be repetitive enough for there to be meaningful 
to learn players multimodal associations.  

In the previous literature it was suggested that amodal information, such as rhythm, tempo or 
intensity, could be conveyed successfully using redundant multimodal cues without training 
(Bahrick & Lickliter, 2000). The outcome of this experiment seems to be consistent with this 
finding and shows that humans are sensitive to amodal information conveyed congruently 
bimodally. Even when the cues are subtle, the subject does not seem to be consciously aware of the 
cue and the subject is in an environment where they might not be prepared for multimodal 
information to be informative. 

In the pilot study, the few subjects that were asked about the detectability of the multimodal cue 
noted that the cue in this experiment was quite subtle. While the auditory cue was slightly altered in 
the main experiment to be more prominent, the subtleness of the multimodal cue should be noted. 
The relatively small increase in performance of the synchronous group could be attributed to the 
subtleness of the cue and poses the question wether a less subtle cue would have increased the 
effect seen? The results from this experiment points to that it is possible, but why was not a less 
subtle cue chosen in the first place? This leads to another issue of ecological validity; is the cue 
presented here one that could be used in a real game? Using obvious multimodal cues with the 
intent of attracting the attention of players could be a good option, but the important part is that the 
cue is well matched to the task. The task presented here is perceptually demanding visually for the 
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player, they have to examine the different symbols carefully. Since the challenge of this game level, 
and possibly the fun if this was a concept idea for a real game, lies in the subtleness an obvious cue 
would probably be very helpful but not very appropriate to the game task and narrative. 

The same argument can be applied to the game task. Why was not the search task in this experiment 
replaced so that the subject, instead of searching for a known target, just had to guess which door 
was the right one? While there certainly are many games that relies on chance, many of these would 
not be very fun if the element of randomness would be removed and the players were given a way 
to consistently predict the outcome or “guess” correctly. Instead, the multimodal cue could be used 
to simplify elements of tasks that would otherwise obstruct the interaction sought after by the game 
designer. An example could be the theoretical investigator game proposed earlier. A carefully 
created perceptual cue could allow the game designer to exclude otherwise obvious help that would 
normally be required to help the player in the right direction, leading to a new level of realism for 
this realistic investigator game. 

While ecological validity was often prioritized in this study, some aspects of the experiment design 
was kept simplified to retain control over variables vital to the observation. An example of this was 
that in the early stages of experiment design, music was considered as an auditory cue. As the 
conveyed properties in this experiment were intensity and temporal synchrony, music seemed 
suitable since intensity is a fundamental property of music. However, it is reasonable to assume that 
music could trigger a range of different associations among the players and the changes in intensity 
could potentially effect players performance even more. In a real game, music is used and could 
probably be utilized to convey information multimodally but for the sake of observation it reduces 
the amount of variables to exclude music. In further experimentation, researchers could take 
possible differences in how players perceive music into account to see how game content creators 
could craft informative interactive music that forms multimodal redundancy with other game 
elements to send cues to the player. 

Another thing to notice in this experiment is how the multimodal cue helped the subjects complete 
the task. The multimodal cue is designed to lead the subjects to the correct door but it is not 
believed to aid in the visual search itself. This is an interesting distinction because the earlier studies 
presented here has mainly focused on auditory stimuli directly facilitating the detection of subtle 
visual cues (Seitz et. al, 2006; Kawahara, 2007). In the present study, the multimodal cue presented 
is informative about where the visual target point is but is more detached from the task than earlier 
experiments in the sense that in earlier studies, the experimenters found that subjects focused on 
visual target points more easily if redundant information was presented in another sensory modality. 
In other words, the visual target point was also the visual portion of the audiovisual cue. This is an 
interesting distinction that provides more detail to the result of the experiment, like for example 
would a multimodal cue that were directly related to the visual target point, as used in previous 
studies, have been more effective? As the multimodal cue provided in the present study showed to 
be effective, this is informative for content creators. When using multimodal cues, or at least 
audiovisual cues, in visual searches the cue does not seem to have to be directly informative of the 
location of the target.  

Experiment design critique: For further in-game experiments, a more sophisticated time 
measuring system needs to be created. In this experiment there was simply a trigger that triggered 
the start of the timer and a trigger that stopped the timer. The problem that arose was that players in 
general familiarized themselves with the environment and this varied a lot among players. Some 
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players would walk around and inspect trivial elements of the scene for a couple of seconds while 
others tried to solve the task as efficiently as possible. This has not effected results drastically, since 
the players’ who did take a few seconds to review the environment would be completely random as 
the order of the subjects was randomized and also none of the t-tests run were particularly close in 
terms of significance testing. However, the experimenter should strive for as accurate results as 
possible, especially when measuring such a concrete parameter as time. A possible approach to this 
problem would be to have a timer that measures the time the subject is in a searching area near the 
doors. The experimenter would then need to determine a reasonable distance at which the time 
starts counting and place any props outside this zone to let the players familiarize themselves with 
the game level without measuring this time.  
 
As for the different player strategies, these are in this experiment treated as equally efficient since 
no significant difference could be found. However, this could be due to the crudeness of the analysis 
method that included a trial in a category if they displayed a certain behavior even for a short time. 
For this study, this information is sufficient as it is focusing on the gamer population as a whole but 
it should be noted that the different player behaviors could be a factor in the large variance seen in 
the gamer population, which was the main reason this study used paired testing. The methodology 
in this study could likely not have done more than acknowledge the variance and account for it, as 
has been done. For further testing, though, it could be interesting to study what mindset, previous 
experience and more that makes different players use different strategies in games. Using this 
information, different player groups could potentially be identified and studied for more specific 
research in game environments.  

Instead of using task completion time as a measurement of efficiency and performance, other types 
of measurements could also be used. An alternative approach could be to only give the subjects a 
single guess, which means they get eliminated (as in they get caught in-game or similar) if they 
guess wrongly, and then measure the number of correct trials. However, this approach is better 
suited a task that relies on chance, like for example the same task of finding the correct door but 
without the runes that lets the player identify the correct door before opening it. Just as the 
multimodal cue needs to be carefully matched to the task, the measurement of it’s efficiency also 
needs to be matched to what kind of improvement is expected, or desired in a game scenario, from 
the created multimodal cue. 

Another thing that could have provided a more in-depth analysis would have been to collect 
demographic information about the subjects as well as more data wether they perceived a difference 
between the two trials, apart from the changing of the symbols. In the present study, the only 
demographic information collected was that the subjects had to consider themselves as gamers or at 
least a part of the gaming population, since it is this population that the game content creators target 
when creating games. What would be interesting to know is how many hours a week subjects play 
to make a comparison to how much each subject improved to see wether there were any correlation. 
Since the questionnaire in the present study already was very brief, this would probably not be a 
problem in terms of subject exhaustion either. Asking the subjects if they perceived a difference 
between the two levels would be informative to know if the subjects in the synchronous group 
noticed that something had changed in the synchronous level, if they could explicitly name the 
connection between auditory and visual stimuli or if they simply did not notice a difference at all. 
The results form this could be used to form more informed conclusion regarding how multimodal 
cues like the one presented here effects players.  
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As the analysis of the players’ search movement indicated that players given the multimodal cue did 
not change their search behavior based on the presumed increased saliency of the correct door, it 
would be interesting to, in future studies, look at how the subtle multimodal cue presented here 
affected the players’ gameplay experience and how some of the players were aided by the 
multimodal cue. Examples of techniques that could prove useful would be to use recording of the 
screen and subject simultaneously, eye tracking or even a more extensive questionnaire or interview 
where the subject can elaborate on what they perceived. 

One last design aspect that could be problematic is the rate of the light’s pulsation rate. As each 
door had a light that pulsated behind it and each door had a randomized value, it is possible in the 
current experiment that two doors happened to be synchronous by chance. This is suspected to be 
the underlying motivation behind the informed subjects feedback to increase the pulsation rate. 
They felt the need to distinguish which one out of several doors that were actually synchronized 
with the audio. However, as the informed subjects reported on it becoming easier to distinguish 
after the rate had been changed, this is expected not to have a significant impact on the test results. 
After all, it is very unlikely for two doors to have synchronized pulsation cycles over a longer 
period of time as both the pulsation rate and the starting point of each door’s wave cycle was 
randomized. 

Lessons about research of multimodal cues in games: In this section, the most important lessons 
for multimodal cues, game design and further research that has been researched in the present study 
is listed. 

• Multimodal cues can help players with visual search tasks, but the task and the cue needs to 
be matched carefully. The results found in this study is consistent with previous literature in that 
when certain properties are conveyed redundantly using two modalities, players seem to be 
affected by it. The assumption is that the multimodal cue recruits attention of the perceiver 
(Bahrick & Lickliter, 2000) but players given the multimodal cue did not seem to change their 
search pattern in favor of searching the correct door, which means it is not clear how they utilized 
the information. Instead, the multimodal cue likely affects players in other ways not studied here 
but that still improved their search times. 

• Multimodal cues not directly related to the task seemed to help some players. The 
multimodal cue in the study was not directly tied to visual search target as in the visual search 
target did not convey any properties redundantly conveyed through another modality. Despite 
this, the multimodal cue seems to have helped subjects in the synchronous group. This is 
interpreted as evidence for that multimodal cues can be used to guide players, even if the 
multimodal cue is not what the players has been explicitly asked to look for in a game task. 

• The gamer population is tremendously varied. The population of gamers is extremely spread 
because it is very including. To run experiments in a game environment with gamer subjects, it is 
vital to consider how the spread in performance effects the observed data. In this case, a paired 
test was run to be able to look at each subject individually. Other methods of narrowing down the 
population could be to only look at players that play games on a regular basis, a certain amount of 
hours per week, specializes in one type of game or gamers that consider themselves genre less. 
The spread can also be controlled by the game design. For example, can the player go anywhere 
within the game or just between certain points? What mechanics are important for the subjects to 
understand? Must the subjects play a tutorial before testing? There are many ways for 
experimenters to control the spread of the population, the most important part is to consider how 
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the chosen method shapes the observation.  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Main study search movement analysis
Subjects Systematic search 

movement
Uncertainty Random Search 

movement
Semi-structured 

search
Opening random 
doors/Guessing

Confusion/Ignoring 
game task

Task 
Completion 
Time

A 1 Trial 1 X X 92.936516

A 1 Trial 2 X X 69.875778

A 2 Trial 1 X X 57.98119

A 2 Trial 2 X 24.772877

A 3 Trial 1 X X X 93.079712

A 3 Trial 2 X X 53.839092

A 4 Trial 1 X X 36.101433

A 4 Trial 2 X 146.270004

A 5 Trial 1 X 40.839359

A 5 Trial 2 X X 52.887817

A 6 Trial 1 X 102.15461

A 6 Trial 2 X 91.86837

A 7 Trial 1 X X X 162.331497

A 7 Trial 2 X X 310.54776

A 8 Trial 1 X X X 22.50

A 8 Trial 2 X X 25.447151

A 9 Trial 1 X 48.057991

A 9 Trial 2 X 89.447899

A 10 Trial 1 X 92.934868

A 10 Trial 2 X 41.1437

S 1 Trial 1 X 65.13515

S 1 Trial 2 X 45.491315

S 2 Trial 1 X X 54.422367

S 2 Trial 2 X X 58.341003

S 3 Trial 1 X 48.054123

S 3 Trial 2 X 30.566925

S 4 Trial 1 X 57.0

S 4 Trial 2 X X 30.278748

S 5 Trial 1 X 71.134407

S 5 Trial 2 X 57.419109

S 6 Trial 1 X 65.017647

S 6 Trial 2 X X 67.0

S 7 Trial 1 X 124.198456

S 7 Trial 2 X 77.39357

S 8 Trial 1 X X 51.986073

S 8 Trial 2 X 33.16354

S 9 Trial 1 X 108.997978

S 9 Trial 2 X 67.20533

S 10 Trial 1 X X 75.60231

S 10 Trial 2 X 73.520378



Appendix B 

Subjects Completion time trial 1 
(s)

Completion time trial 2 
(s)

Difference between 
trial 1 and 2 (s)

Asynchronous 1 (A1) 92.936516 69.875778 23.060738

Asynchronous 2 (A2) 57.98119 24.772877 33.208313

Asynchronous 3 (A3) 93.079712 53.839092 39.24062

Asynchronous 4 (A4) 36.101433 146.270004 −110.168571

Asynchronous 5 (A5) 40.839359 52.887817 −12.048458

Asynchronous 6 (A6) 102.15461 91.86837 10.28624

Asynchronous 7 (A7) 162.331497 310.54776 −148.216263

Asynchronous 8 (A8) 22.5 25.447151 −2.947151

Asynchronous 9 (A9) 48.057991 89.447899 −41.389908

Asynchronous 10 (A10) 92.934868 41.1437 51.791168

Synchronous 1 (S1) 65.13515 45.491315 19.643835

Synchronous 2 (S2) 54.422367 58.341003 −3.918636

Synchronous 3 (S3) 48.054123 30.566925 17.487198

Synchronous 4 (S4) 57.0 30.278748 26.721252

Synchronous 5 (S5) 71.134407 57.419109 13.715298

Synchronous 6 (S6) 65.017647 67.0 −1.982353

Synchronous 7 (S7) 124.198456 77.39357 46.804886

Synchronous 8 (S8) 51.986073 33.16354 18.822533

Synchronous 9 (S9) 108.997978 67.20533 41.792648

Synchronous 10 (S10) 75.60231 73.520378 2.081932
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Appendix C 

* A higher value indicates higher assessed task load.  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Main study Task Load Index questionnaire answers
Subjects Mental 

Demand
Temporal 
Demand

Performan
ce

Effort Frustration Total Task 
Load

A 1 12 1 1 10 1 25

A 2 5 7 2 1 1 16

A 3 7 9 10 9 6 41

A 4 10 7 14 13 11 55

A 5 4 6 1 10 1 22

A 6 2 9 1 3 8 23

A 7 19 1 20 14 17 71

A 8 4 3 4 4 11 26

A 9 1 4 4 11 5 25

A 10 10 7 1 4 4 26

S 1 5 13 1 6 13 38

S 2 5 9 1 3 3 21

S 3 11 16 7 8 16 58

S 4 5 14 1 2 9 31

S 5 2 3 1 2 1 9

S 6 7 6 9 7 5 34

S 7 12 9 8 8 10 47

S 8 10 11 16 3 7 47

S 9 2 13 1 5 6 27

S 10 9 5 3 4 1 22



Appendix D 

Subject Measured task completion time

A1 145.464462

A2 93.149666

A3 98.30407

A4 31.406467

A5 63.591717

A6 69.463936

A7 71.676834

S1 59.634445

S2 131.504517

S3 66.129036

S4 96.159729

S5 94.948288

S6 361.996735

S7 90.67428
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Appendix E 

* A higher value indicates higher assessed task load.  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Pilot study Task Load Index questionnaire answers
Subjects Mental 

Demand
Temporal 
Demand

Performan
ce

Effort Frustratio
n

Total Task 
Load

A 1 7 4 16 10 17 54

A 2 5 1 1 1 1 9

A 3 2 2 1 2 2 9

A 4 9 11 1 7 8 36

A 5 8 5 2 3 3 21

A 6 4 5 1 2 1 13

A 7 5 4 1 9 11 30

S 1 7 1 1 6 5 20

S 2 14 2 1 14 3 34

S 3 14 16 19 18 19 86

S 4 6 1 1 15 6 29

S 5 4 6 3 4 8 25

S 6 11 8 1 4 8 32
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