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Abstract 

The interactive and non-linear aspects of video games bring forth the problem of repetition. 

In game sound, dialogue is particularly susceptible to repetition because of our hearing’s 

sensitivity to human speech. The most common way to avoid repetition in game dialogue is 

to record multiple takes of every phrase as to have several naturally varied samples, whereas 

this study explores the possibility to create these natural variations by manipulation of pitch 

and/or time of one recorded phrase using a readily available software. A listening test was 

conducted where 23 subjects rated the variation, naturalness and artifacts of a recorded 

spoken phrase where three altered versions manipulated by altering the pitch, timing and both 

pitch and timing where compared to the original recording, examining which manipulation 

type yielded the most variation while also considering the naturalness and artifacts. A 

repeated measures factorial ANOVA and pairwise comparisons showed a significant 

difference between all manipulation types regarding the three dependent variables. The 

results show that the pitch manipulated sample had the best compromise between perceived 

variation, naturalness and artifacts, and would therefore be the recommended method for 

creating variation of recorded dialogue. 
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1. Introduction 

Repetition in game audio is often considered unavoidable because of the players 

freedom to repeat the same actions multiple times, for example if the player pushes a button 

several times, a sound is played for each push. One important aspect of repetition concerns 

dialogue, where methods of automatic modulations often used in for example, footstep sound 

effects does not translate well to dialogue due to it being a transposition of the general pitch. 

This study explores if using software that is readily available to sound designers could be 

used to create variation in recorded dialogue through manipulation of intonation pattern 

(pitch and timing), while still retaining the naturalness of the voice and avoiding noticeable 

artifacts. 

1.1 Dialogue in Games – Problems & Potential Solutions 

Initially game sound design was primarily limited in both processing power and 

storage space leading to a small number of incorporated synthesized sounds in games. These 

limitations meant that games had a repetitive quality in gameplay, visuals and audio, thus 

lowering the expectations on sounds compared to film and TV. With the advancement of 

technology, more processing power and storage space became available allowing better 

visuals aimed towards realism, thus creating a demand for higher quality audio in 

resemblance to film and TV. The main difference when comparing game sound to film and 

TV is the fact that games are non-linear which poses the problem of not knowing how often 

or how many times a sound is played. 

When games were repetitive in all aspects the tolerance for repetition was a lot higher 

and because the main demographic for games at the time were children who in general 

tolerate a higher grade of repetition the problem was not as serious. With the higher quality 

and greater storage space expectations for variation grew which affected many different 

aspects of game sound. The biggest obstacle in game sound is that there is no way of 
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predicting or controlling the number of times or how often a certain sound is played, this is 

determined by how the player interacts in the virtual environment. This means that a sound 

can be played many times over a short period which might be perceived as repetitive, 

affecting the experience of the game negatively. Three main categories in game sound that are 

subject to repetition in different ways, these include sound effects, music and dialogue. 

Dialogue being the most important aspect when considering the narrative and progression of 

the story and characters (Vachon, 2009). 

The narrative of a game was previously established mainly in the form of text but as 

the possibility for CD quality audio became available the opportunity to replace the text-

based narrative with recorded dialogue was presented. When creating narrative dialogue 

every spoken line by every character must be recorded which results in many audio files, 

depending on the size of the game, which needs to be processed and implemented. Even 

though a large number of unique lines of dialogue is recorded, the movement and interaction 

of the player can trigger the same dialogue to be played many times. For example, a game 

where the player is able to interact with a salesman can become repetitive if the salesman 

only has a couple of lines of dialogue that are randomized. The simplest solution to this 

problem is to record every phrase multiple times to get a wide variety of intonation patterns 

for each phrase. The intonation pattern refers to the rise and fall of pitch and the different 

timing within a spoken phrase, for example, a question is most often ended with a rise in 

pitch and could have several different rhythmic patterns. However, in a game that has a 

playtime of around 100 hours the lines are bound to be repeated several times during a 

playthrough which might be perceived as repetitive. 

There are different ways of dealing with repetition in game dialogue, Vachon (2009) 

suggests text to speech software to generate the dialogue, although this method is not yet 

advanced enough to avoid creating noticeable artifacts. In the future this technique might be 
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useful if it is further developed to create clean dialogue without artifacts. Making alterations 

on already recorded speech is another solution that has the potential to create variation from 

one single audio file. By altering, for example, the intonation of the spoken phrase the listener 

might perceive it as different utterance even though it is the same words from the same 

recording. This technique might work better in the sense that it already is a natural recording 

of a human being and that the possible artifacts from the alterations might be small enough to 

go unnoticed. It might still be perceived as repetitive seeing as it is the same phrase, but it 

might be varied enough to be acceptable. Another way of creating variation could be made 

through manipulation of the voice timbre, for example changing the age or sex of the voice, 

although this would not create a believable variation for one character and will therefore not 

be examined in this study. To understand how to make these alterations in a natural way we 

must first highlight which parameters of the human speech to alter and how these parameters 

change during speech production. 

1.2 Speech Production 

Human speech is a complex sound originating from our most necessary function of 

breathing, which gives us the possibility of communicating with each other in a seemingly 

simple way. Human speech is constantly changing and even though a speaker utters the same 

words, the acoustic signal of the words will never be exactly the same as the previous, this is 

called physical variability (Morton & Tatham, 2011). This variability in sound is the key 

aspect to be considered in the creation of synthesized alterations of dialogue while still 

retaining the humanness. While trying to create more variations from the same phrase these 

small alterations can help prevent the perceived feeling of repetitiveness. 

1.2.1 Physiology 

To be able to break down these alterations into different sonic parameters an 

understanding of how speech production works is key. The vocal tract is often divided into 
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two airway systems, the upper and lower airway system, which plays different roles in the 

creation of human speech. These are divided from the placement of the larynx (voice box) 

where the upper airway system consists of the pharynx (throat), oral and nasal cavities and 

the lower consisting of the trachea (windpipe), bronchial tubes and lungs (Morton & Tatham, 

2011). The laryngeal system, situated between the upper and lower airway system, consists of 

the vocal cords which main function is to be able to block solid food from entering the lungs. 

By tensioning the vocal cord, the trachea can be closed off or by adjusting the tension to let 

airflow pass, the edges of the vocal cord can start to vibrate which creates modulations in the 

airflow which after further modification by the upper airway system, can be interpreted as 

speech. These differences in tension can create a vast variety of sounds which is used to 

produce the different sounds that make up different languages but may also convey more 

subtle variations which can be interpreted as a difference in mood or emotion also known as 

voice quality. Differences in voice quality includes for example, a breathy sound which are 

often associated with older people or a person who is sick, because of a lighter tension in the 

vocal cord, more air leaks through which generates this characteristic. When considering 

voices, the voice quality often includes different timber-related aspects such as dark, bright, 

rich etc. (Farner, Rodet, & Röbel, 2009). 

These are some of the basic functions that make up human speech, although there are 

many more factors in the creation of speech such as lip and tongue position, open or closed 

mouth, nasal or oral sounds etc. All these factors play a role in how the acoustic signal is 

generated and alter the frequency content and amplitude of the signal which is the measurable 

aspect of human speech (Morton & Tatham, 2011). In this study the focus lies on altering the 

intonation patterns and will not consider manipulation of the voice quality. The intonation 

patterns consist of different pitch contours and rhythms where for example a questioning 
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pattern would have a pitch contour with a rise at the end and a different rhythm than a tired or 

happy intonation pattern. 

1.2.2 Acoustic signal measurement 

The most basic way of measuring the acoustic signal is by measuring time, frequency 

and amplitude, these three parameters give a good overview of the signal’s duration, 

frequency content and acoustic level. The best way of displaying all three parameters are in 

the form of a spectrogram which shows time on the x-axis and frequency on the y-axis while 

also displaying the amplitude at different frequencies either in different colors or different 

shades of gray, where a darker color shows higher amplitude. In the case of altering speech 

all three parameters play different roles, altering time makes a phrase longer or shorter, which 

can be perceived as the speaker’s energy level i.e. happy, tired etc., by altering pitch a 

statement can be made in to a question and altering amplitude of different syllables can 

change the emphasis of different words. 

The more complex parameters of speech include fundamental frequency, resonance 

and formants, these are smaller changes which humans have adapted to detect to be able to 

interpret and recognize for example, intention of a spoken phrase, who the speaker is and 

accents. 

The fundamental frequency is considered as the lowest measurable frequency of a 

sound and in speech mirrors the rate of the vocal cords vibration and is an important part of 

speech in the sense of voice pitch. A change in fundamental frequency can determine if the 

spoken phrase is a question or a statement. For example, a rise in pitch at the end of a phrase 

is most often interpreted as a question while a lowering in pitch at the end often interprets as 

a statement, this is also known in phonology as intonation (Morton & Tatham, 2011). 

Because intonation is the perception of fundamental frequency the actual measurable aspect 

of intonation is the physical equivalent of fundamental frequency. While intonation can 
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describe the fundamental frequency, it can also include the rhythmical aspects of speech. 

Iseli, Shue and Alwan (2007) found the mean of the fundamental frequency in male and 

females ranging from 8 to 39 years, where the fundamental frequency for boys are about 250 

Hz down to about 125 Hz for adult males. While for girls the mean of the fundamental 

frequency is about 270 Hz descending to about 230 Hz for adult females. This aspect of 

speech is important when considering altering recorded dialogue to create variation because 

every spoken phrase never sound exactly the same and by altering the fundamental frequency 

the repetitive aspect of the spoken phrase may be affected. 

The acoustic signal generated from the vibrations of the vocal cord is further 

modulated when passing through the resonant nasal and oral cavities, depending on the size 

and shape of the cavities the signal is modulated in different ways. When the signal passes 

through the cavities they act as filters which alter the frequency content of the signal by 

amplifying and attenuating different frequencies, these amplified frequencies are also known 

as formants. The formants can be altered by forming the mouth in different ways to for 

example produce different vowel such as “AH” or “E” while still retaining the same 

fundamental frequency. Peterson and Barney (1952) measured the fundamental frequency 

and first three formants of ten English vowels of 76 people (men, women and children). By 

calculating the average of all the vowels and respective formants a set of guidelines for 

fundamental frequency and formants can be used in the alterations of speech, shown in table 

1. Here we see that the measured fundamental frequency from Iseli et al. (2007) matches 

those of Peterson and Barney (1952) quite closely. When considering speech alteration, 

formants are closely linked with the fundamental frequencies, and by altering the formants in 

combination with the fundamental frequency the natural resonance of the speaker’s voice can 

be preserved. Also, by altering the formants the ability to change the characteristics of the 

voice is presented. 
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Table 1: Fundamental frequency and formants averages. 

 Male Female Child 

 Fundamental Frequency 132 Hz 232 Hz 272 Hz 

 First formant 502 Hz 575 Hz 671 Hz 

Second formant 1420 Hz 1694 Hz 1928 Hz 

Third formant 2386 Hz 2783 Hz 3266 Hz 

Note. Figures from the results of Peterson and Barney (1952)       

 

These features of speech production make it possible for humans to produce and 

perceive speech in a quite complex way which if altered might not be perceived as natural. 

This is probably the main problem with altering dialogue. What parameters are to be altered 

to be able to create variations of the same phrase without sacrificing the natural sounding 

human voice. 

1.3 Processing and Synthesis – Tests 

Different attempts of voice transformations have been made with the goal of making 

it sound as natural and humanlike as possible. Farner et al. (2009) and Mayor, Bonada and 

Janer (2009) has made attempts to transform recorded speech into different target voices 

where both studies aimed at mainly transforming age and sex of the voices. Farner et al. 

(2009) initiated the study by recording actors who portrayed different vocal qualities 

including soft, old person, nasal, lisping etc., and compared them to their normal voice to 

gather information about the spectral differences in voice quality. These qualities were then 

divided into three categories consisting of physical characteristics (size, sex and age), voice 

quality (breathy, whispering, tense etc.) and speech style (speech rate, liveliness etc.). 

Both studies use different techniques in transforming the voices. Franer et al. (2009) 

made a pre-study where they tested different methods to try to find which method was most 

appropriate. The methods tested in the pre-study were harmonic plus noise method (HNM) 

and the phase vocoder where the phase vocoder was improved regarding certain aspects, 

including the effect of phasiness that normally is introduced. These methods where chosen 
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because of their ability to perform transposition and time stretching as well as finer 

modification in the frequency domain. The pre-study showed that the improved phase 

vocoder, called superVP, gave a more pleasant result in an informal listening test. 

The phase vocoder can be explained as a set of band filters, consisting of short-time 

fourier transforms (STFTs), that break down the signal into amplitudes and phases 

represented in a time-frequency grid. The controllable parameters include the fast fourier 

transform (FFT) window, the STFT size and duration between the STFTs. This enables high 

quality time stretching as well as pitch transposition and amplitude modification. 

 Mayor et al. (2009) on the other hand chose to use a method called wide-band 

harmonic sinusoidal modeling (WBHSM) which operates by analyzing on a single period of 

the signal. Both harmonic and noisy components are represented in the frequency domain as 

a set of sinusoids which allows each harmonic to be independently controlled. This technique 

takes advantage of some of the benefits of time and frequency domain methods while 

avoiding some of its disadvantages. 

Listening tests were made in both studies where Farner et al. (2009) conducted a test 

via an internet page where 31 subjects participated in the study. The results of the test showed 

that the mean percentage of the transformed voices which were correctly identified as the 

target voice were 29±28% for men and 43±32% for women. This indicates that the 

transformation of the women’s voices was more often correctly identified, although important 

to notice is that a number of wrong identifications of the original voices were frequently 

made by the subjects. This could be due to the ambiguous nature of the persons voice which 

highlights the difficulties of both transformation and identification of voices. 

Mayor et al. (2009) also conducted a listening test although provide very little 

information about it. Four speakers were recorded reading English phrases recommended by 

ITU-T (P.800) which were evaluated on a 5-point MOS scale. Every phrase was recorded in 



   

13 

 

three pitches: low, mid and high, and twice per pitch, although why the recordings were made 

in different pitches is not argued. The questionnaire provided to the subjects considered only 

naturalness as opposed to Farner et al. (2009) where they were asked to identify the target 

transformations age, sex and artifacts. No apparent results are presented, although it is stated 

that the evaluations indicate the technology is ready to be used in a professional environment. 

The lack of in-depth information about the test and results does not give the reader the ability 

to agree or disagree with this statement. 

These two methods of transforming voices show that it is possible to create new 

speech from already recorded speech. By using methods altering in both the time and 

frequency domain a target voice can be achieved. In both cases naturalness was an important 

factor and the ability to create a natural sounding transformed voice depends a great deal on 

the source and the target voice. While these methods focused on altering spoken phrases to 

pass as different sex or age, the techniques used could be applied in situations were smaller 

alterations are desired for example, trying to fight repetitive dialogue in games. 

1.4 Possibilities for Games 

Although the studies described in the previous section made quite radical 

transformations of speech these methods might be used to create more variations in shorter 

segments of dialogue in games. By altering fundamental frequency, formants or rhythm of the 

spoken phrase in different combinations and depth, these could be made to sound as actual 

different recordings instead of just playing the exact same recording. Because the human 

speech perception is able to detect small differences in for example, intonation or timbre, 

these altered phrases might be perceived as less repetitive. No prior studies were found on 

this type of more subtle alterations, but it could be a helpful tool in the content creators’ 

ability to battle repetition in game dialogue. 
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1.5 Aim/Purpose 

The purpose of this study is to explore the possibility for video game sound designers 

to expand the variability of game dialogue by altering intonation. By manipulating a recorded 

piece of dialogue using software that is readily available, the sound designer might be able to 

avoid the perceived repetitiveness that comes from the same recording being played multiple 

times in a row. In this study the focus lies on manipulating pitch and timing (i.e. intonation 

pattern) of the recording using Revoice Pro 4 (Synchroarts, 2019) to create new samples that 

might be perceived as varied in relation to the original recording. In the pitch manipulation 

process in Revoice Pro 4 the formants are also somewhat altered but the focus in this study 

lies on the pitch and time manipulation and therefore the formants will be of less importance. 

In addition to exploring how the manipulated recordings are perceived in variation, two more 

factors, naturalness and artifacts, are to be consider, seeing if the process will be sufficiently 

natural sounding as to not disrupt the game experience. The manipulated recordings will have 

to be perceived as natural and with as few artifacts as possible to be able to use them as 

separate recordings for an in-game character. The independent variables are intonation pattern 

with four levels (happy, questioning, stressful and tired) and manipulation type with three 

levels (pitch, time and pitch and time). The dependent variables are similarity, naturalness 

and artifacts rated on a scale of 0-100.  If the experiment proves to be successful, the method 

used in this study might be a valuable tool for sound designers to be able to create a more 

varied sample bank of character dialogue where the perceived repetitiveness of the player 

will be lowered which could in turn lead to a better gaming experience. 
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1.6 Research Question 

The questions of this study are: 

• Is it possible to create perceptible variation in a single piece of recorded 

dialogue using Revoice Pro 4 (Synchroarts, 2019) to alter intonation (via 

pitch, timing or both)? 

• Does it affect the naturalness of the voice? 

• Does it create noticeable artifacts? 

2. Method 

In this study a modified MUSHRA listening test was conducted where subjects rated a 

recorded speech samples that had been altered with three different types of manipulation 

(pitch, time and both pitch and time). A spoken phrase with a neutral intonation pattern (i.e. 

monotonously performed) was manipulated to resemble the intonation pattern (henceforth 

referred to as pattern) of four recordings of the same phrase with a happy, questioning, 

stressful and tired pattern. These four patterns were chosen because they differ from each 

other in both pitch and time, for example, the stressful pattern is shorter and more condensed 

than the tired pattern, and the happy and questioning patterns differ in terms of pitch 

contours. This will give a variety of both pitch and timing within the different patterns. 

Revoice Pro 4 (Synchroarts, 2019) was used to manipulate pitch, time and both pitch and 

time of the neutral recording to match each of the four patterns. The listening test assessed 

how much variation the different manipulated samples created compared to the neutral 

recording and which of the manipulation types that created the most variation. Each 

manipulation was performed for each of the four patterns to test the versatility of the different 

manipulations to see if the process could be used in a range of phrases or sentences. In 

addition to rating variation, the subjects rated the naturalness and artifacts of every sample to 

see which of the manipulation methods might be used in a game sound design context. 
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2.1 Stimuli 

The stimuli were recorded in a controlled studio environment using a Neumann U87 

microphone and pro tools PRE and HD interface. A male speaker was instructed to read eight 

different sentences in five different ways. For example, the speaker said “Hello! How are 

you?” in a neutral, happy, questioning, stressful and tired way. The neutral phrase was used as 

the base for manipulation (as it is neither happy, questioning etc.) and the four different 

versions were used as guide patterns. All sentences were recorded in Swedish because the 

speaker was a native Swedish speaker and the study was conducted at Luleå university of 

technology in Piteå, Sweden. One sentence, “Fint väder idag!”, was chosen to have the most 

natural pronunciations of the different variation patterns and was therefore used in the 

creation of the different manipulated samples. 

To create the manipulated samples in Revoice Pro 4 (Synchroarts, 2019) the neutral 

recording used the four guide patterns (i.e. happy, questioning etc.) as guide tracks and the 

software rendered a manipulated sample for each of the four patterns, where the ability to 

select which parameters should be altered and how great the resemblance to the guide pattern 

should be. For pitch, the setting called “tuning” was set to 100% to resemble the guide tracks 

pitch pattern as closely as possible (while also somewhat altering the formants). As for timing 

the setting called “tolerance” was set to 0 ms to stretch and time the audio to the guide track 

as closely as possible, and where both pitch and timing was manipulated the same settings 

were used for both parameters. 

To illustrate the manipulation of one of the samples the speech analysis software Praat 

(Boersma, P. & Weenink, D., 2019) was used. In figure 1 the original neutral recording that 

was used in all manipulations is shown in a spectrogram, also displaying its fundamental 

frequency and first three formants. As shown by the fundamental frequency the sentence is 

spoken quite monotonous as opposed to the first guide track (happy) shown in figure 2. Even 
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though the fundamental frequency differs between the neutral recording and the guide track 

the formants are similarly placed in the spectrum. Looking at figure 3, it is clear that the pitch 

manipulation performed on the neutral recording has created a fundamental frequency 

contour very similar to the one shown in figure 2, which shows that the process used in 

Revoice Pro 4 has created a sample that in analysis looks very similar to the guide track. 

 

Figure 1: Original recording of the neutral phrase “Fint väder idag” shown in a 

spectrogram with fundamental frequency shown in blue (between 75 Hz and 300 Hz) and first 

three formants shown in red (between 0 Hz and 5000 Hz) 
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Figure 2: Guide track phrase (happy version) of “Fint väder idag” shown in a spectrogram 

with fundamental frequency shown in blue (between 75 Hz and 300 Hz) and first three 

formants shown in red (between 0 Hz and 5000 Hz). This clearly shows a difference in 

intonation from the neutral recording where the fundamental frequency has a rise towards 

end. 

 

 

Figure 3: Original recording of “Fint väder idag” with pitch manipulation shown in a 

spectrogram with fundamental frequency shown in blue (between 75 Hz and 300 Hz) and first 

three formants shown in red (between 0 Hz and 5000 Hz). The same rise in pitch as shown in 

figure 2 reveals that the process has created a similar pitch pattern and only a slight change 

of formants. 

 

 

As stated above, three different samples for each of the four patterns were created in 

Revoice Pro 4, the first sample was manipulated regarding pitch where the pitch pattern of 

the neutral recording was altered to match the four different guide patterns. The same was 
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done for the timing to create the second sample, and lastly a sample was created where both 

pitch and timing were matched to the guide tracks. In total 12 samples were created as shown 

in table 2, and every sample was edited, exported and labeled to be used in the listening test 

software STEP (Audio Research Labs, 2009) 

 

Table 2: All 12 manipulated samples, three manipulated versions for each of the four 

patterns. 

    

Pattern Manipulation 

Happy (1) Pitch (P) Time (T) Pitch & Time (PT) 

Questioning (2) Pitch (P) Time (T) Pitch & Time (PT) 

Stressful (3) Pitch (P) Time (T) Pitch & Time (PT) 

Tired (4) Pitch (P) Time (T) Pitch & Time (PT) 

 

2.2 Listening Test 

The listening test was conducted as a modified MUSHRA test where a reference, 

hidden reference (no manipulation) and the three different manipulation types (pitch, timing 

and both pitch and timing) were evaluated for each of the four patterns. Each subject rated the 

different manipulated recordings relative to the reference and evaluated the similarity, 

naturalness and artifacts of every sample on a scale of 0-100. Table 3 shows the dependent 

and independent variables with each of their corresponding levels. All listening tests were 

conducted in a controlled listening environment at Luleå University of Technology in Piteå, 

Sweden. 

 

Table 3: Dependent and independent variables with corresponding levels. 

Dependent variable Independent variable 

(Manipulation) 

Independent variable 

(Pattern) 

Similarity No manipulation (HR) Pattern 1 (Happy) 

Naturalness Pitch (P) Pattern 2 (Questioning) 

Artifacts Time (T) Pattern 3 (Stressful) 

 Pitch & Time (PT) Pattern 4 (Tired) 
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2.2.1 Equipment 

Hardware: 

• Stationary PC 

• Interface: Digidesign Mbox 2 Mini 

• Headphones: Beyerdynamic DT 990 Pro 

Software: 

• OS: Windows XP 

• Listening test software: Audio Research Lab – STEP (Subjective Training and 

Evaluation Program) 1.09, (Audio Research Labs, 2009) 

2.2.2 Pilot test 

Before the main listening test was conducted, a pilot test was held to determine 

whether the instructions (Appendix 1) were relevant and easily understood. By letting the 

subjects read the instructions and repeat them to the researcher, it could be determined if the 

subjects had understood the instructions and how to proceed with the listening test. The pilot 

test proved successful, and all subjects had fully understood the instructions and process of 

the listening test which gave the researcher confidence that the process would be as similar 

for every test subject as possible, therefore no changes were made before the main listening 

test. 

2.2.3 Main listening test 

For the main listening test each subject got to read the instructions and repeat that 

they had understood the instructions and that they were free to pose questions if something 

was unclear. Each subject started by filling out the questionnaire regarding demographical 

data (Appendix 2), and then went on to proceed with a MUSHRA training trial to get to 

adjust the volume of the headphones and familiarize themselves with the listening-test 

software. The sounds played in the training trial was a recording of a different phrase, 
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although the same types of manipulation were used. The samples used in the training trial 

were not used in the actual test trials. When the subject felt satisfied with the level and had 

understood how the software worked the main listening test commenced. 

Each listening test consisted of four trials (one for each pattern) for each of the three 

dependent variables (similarity, naturalness and artifacts). In every trial the samples were 

presented in a randomized order, and every trial was also presented in a randomized order to 

prevent any order effect. Each trial consisted of five samples, one reference (REF), one 

hidden reference (HR), and three manipulated samples (pitch (P), time (T) and both pitch and 

time (PT)), which were all manipulated from the same pattern. The subject was prompted to 

identify the hidden reference and rate it at 100 and continue to rate the manipulated samples 

in comparison to the reference between 0-99. The hidden reference was used to be able to 

confirm that the subjects perceive the unmanipulated sample as the same as the reference. 

Each pattern had a separate trial with the corresponding manipulated samples, much like a 

traditional MUSHRA where different codecs (manipulation) are evaluated regarding different 

musical excerpts (patterns). 

2.3 Subjects 

23 subjects participated in the listening test and were all instructed to fill out the 

questionnaire regarding demographic data (Appendix 2) which consisted of four questions 

excluding the subject number. The information given by the subjects were if they had any 

hearing impairment, current occupation, if they considered themselves to be a critical listener 

and if they play videogames. The first three questions were mainly to be able to see if there is 

any difference in the groups in terms of hearing capability and experience, and the question 

about gaming habits were added to see if the sample included a spread of gamers and non-

gamers. As shown in figure 4 only one subject had an undiagnosed hearing impairment while 

all other subjects did not. Since the hearing impairment was undiagnosed and the subject had 
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the ability to adjust the listening level of the headphones, the impairment is not seen as an 

issue. In figure 5 it is clear that the majority of subjects are studying or have studied audio 

engineering and only five subjects had occupations not related to audio engineering. As for 

critical listeners, figure 6 shows that 18 of the 23 subjects considered themselves to be critical 

listeners while five did not. When looking at figure 7, it shows that 16 subjects play video 

games on a weekly basis, although in different quantities, which shows a spread sample 

between gamers and non-gamers. 

 

 

Figure 4: Chart displaying subjects’ with 

or without hearing impairment. 

 

 

Figure 5: Chart displaying subjects’ 

occupation. 

 

 

Figure 6: Chart displaying subjects’ that 

consider themselves a critical listener. 

 

 

Figure 7: Chart displaying subjects’ 

gaming habits. 

 

 

2.4 Method of Analysis 

To perform statistical analysis of the data from the listening tests a repeated measures 

factorial ANOVA was used. The test included two independent variables, pattern and 

manipulation, each consisting of four levels shown in table 4. Each of the subjects submitted 
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a rating between 0-100 for all 16 samples. With the repeated measures factorial ANOVA, the 

main effects of both independent variables can be analyzed while also seeing if there is any 

interaction effect between the different factors. Where significant main effects were detected 

a pairwise comparison was made between the levels of each factor with a Bonferroni 

adjustment method. The analysis was made using the statistical software; Statistical Package 

for the Social Sciences (SPSS) (IBM, 2017). Henceforth the abbreviations of pitch (P), Time 

(T) and pitch and time (PT) will be used. 

 

Table 4: The two factors shown with each of their four levels with their allowed range of 

rating (0-100). 

Pattern Manipulation 

 No manipulation (HR) Pitch (P) Time (T) 

1 (Happy) 0-100 0-100 0-100 

2 (Questioning) 0-100 0-100 0-100 

3 (Stressful) 0-100 0-100 0-100 

4 (Tired) 0-100 0-100 0-100 

 

3. Results & Analysis 

A separate repeated measures factorial ANOVA was conducted for each of the three 

dependent variables (similarity, naturalness and artifacts). A repeated measures factorial 

ANOVA was conducted to compare the main effect of the pattern and manipulation type and 

the interaction effect between pattern and manipulation type on the subjects’ ratings of 

similarity, naturalness and artifacts. For each ANOVA, a Mauchly’s significance test for 

sphericity was conducted and when significant, the Greenhouse-Geisser adjusted degrees of 

freedom and p-values are used when reporting the F-ratio. See Appendix 3 for Mauchly’s test 

tables and Appendix 4 for complete ANOVA tables. In this section the results and analysis are 

displayed in graphs and tables and explained in further detail. 
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3.1 Hidden Reference 

The hidden reference was used only to examine if the subjects in fact could 

differentiate between the stimuli. By looking at figure 8 it is apparent that the subjects were 

able to identify the hidden reference across all patterns and that there were only a few number 

of incorrect identifications which is shown in the small standard deviation, where the largest 

standard deviation was pattern 3 with 3.7, this standard deviation comes from one single 

rating at 69 while all other subjects rated the hidden reference for pattern 3 at 100. This 

means that the subjects could easily distinguish a difference between the manipulated 

samples and the hidden refence. 

 

Figure 8: The mean and standard deviation for hidden reference for each pattern. 

 

 

3.2 Similarity 

For similarity, a higher rating means that the sample is more similar to the reference, 

thus perceived as less varied. The repeated measures factorial ANOVA conducted on the 

similarity ratings show that all effects were statistically significant at the .05 significance 

level. The main effect for manipulation yielded a F ratio of F(1.371, 30.164) = 64.079, p < 

0.001, partial eta = 0.744 indicating a significant difference between the levels. The main 

effect for pattern yielded an F ratio of F(3, 66) = 16.358, p < 0.001, partial eta =0.426 
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indicating a significant difference between the levels. The interaction effect for similarity was 

significant, F(3.06, 67.33  = 5.813, p = 0.001, partial eta = 0.209. 

3.2.1 Manipulation type 

The statistically significant main effect of manipulation indicates that at least one 

manipulation type differs significantly from at least one of the others regarding similarity. 

Figure 9 shows that T (mean 69) differs from at least PT (mean 37), but to see all of the 

significantly different pairs, paired t-tests has been conducted for the three combinations 

shown in figure 10. All paired t-tests came out significant which shows that all three 

manipulation methods differ significantly in similarity compared to each other. This means T 

is the manipulation type that creates the least variation while PT creates the most. When only 

considering creating variation, PT manipulation would be the one that creates most varied 

samples, further consideration of naturalness and artifacts has to be taken into account to 

evaluate if this would be the best method for creating variation. 

 

Figure 9: The mean and standard deviation showing main effect for manipulation type for 

similarity. 
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Figure 10: Paired t-tests of manipulation, adjusted using Bonferroni method, significant 

comparisons highlighted in green. 

 

 

3.2.2 Pattern 

Because the main effect for pattern was significant, at least one of the patterns differs 

from at least one of the others significantly, and by looking at figure 11 it appears that pattern 

4 (mean 39) differs from the others which indicates that at least pattern 4 is significantly 

different. To examine which patterns that were significantly different from each other, paired 

t-tests has been conducted for all six pairs shown in figure 12. All patterns compared to 

pattern 4 showed statistically significant which corresponds to the observations from figure 

11. Only looking at the similarity ratings, pattern 4 gives the most variation while the other 

three patterns are not statistically different in terms of similarity. This means that the patterns 

have less importance when creating variation than if all patterns would significantly differ 

from each other. 
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Figure 11: The mean and standard deviation for similarity showing main effect of pattern 

without hidden reference ratings. 

 

 

Figure 12: Paired t-tests of patterns, adjusted using Bonferroni method, significant 

comparisons highlighted in green. 

 

 

3.3 Naturalness 

For naturalness, a higher rating means that the sample sounds more natural. The 

repeated measures factorial ANOVA conducted on the naturalness ratings show that all 

effects were statistically significant at the .05 significance level. The main effect for 

manipulation yielded a F ratio of F(1.268, 27.886) = 23.106, p < 0.001, partial eta = 0.512, 
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indicating a significant difference between the levels. The main effect for pattern yielded an F 

ratio of F(2.208, 48.566) = 46.854, p < 0.001, partial eta = 0.680, indicating a significant 

difference between the levels. The interaction effect for similarity was significant, F(3.845, 

84.601  = 7.051, p < 0.001, partial eta = 0.243. 

3.3.1 Manipulation type 

The statistically significant main effect of manipulation shows that at least one of the 

manipulation types differ significantly from at least one other in terms of naturalness, and by 

looking at figure 13, T (mean 64) seems to at least be rated as more natural compared to PT 

(mean 45). To be able to see which manipulation types differ significantly from each other, a 

paired sample t-test has been conducted for all three pairwise combinations, shown in figure 

14. The t-tests show that PT is significantly less natural compared to both P and T but there is 

no significant difference in naturalness between P and T, which means that in terms of 

naturalness both P and T will sound more natural than PT and the choice between P and T 

would not significantly affect the naturalness. 

 

Figure 13: The mean and standard deviation for showing main effect of manipulation type for 

naturalness. 
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Figure 14: Paired t-tests of manipulation, adjusted using Bonferroni method, significant 

comparisons highlighted in green. 

 

 

3.3.2 Pattern 

By looking at the main effect of pattern in more detail in figure 15 the indications of a 

significant difference for pattern 4 (mean 32) compared to the others, pattern 1 (mean 60) and 

pattern 2 (mean 60) Pattern 3 (mean 71), is apparent. To be able to see which patterns that 

differ from each other significantly, a paired sample t-test has been conducted for all six 

combinations, shown in figure 16. The paired t-tests show that all pairwise comparisons are 

statistically significant except pattern 1 paired with pattern 2. Pattern 4 is shown to be a lot 

less natural than the other patterns, which could be connected to pattern 4 being considered to 

have more artifacts (presented in the next section).   
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Figure 15: The mean and standard deviation for naturalness showing main effect of pattern 

without hidden reference ratings. 

 

 

Figure 16: Paired t-tests of patterns, adjusted using Bonferroni method, significant 

comparisons highlighted in green. 

 
 

3.4 Artifacts 

For artifacts, a higher rating means lower amount of artifacts. The repeated measures 

factorial ANOVA conducted on the naturalness ratings show that all effects were statistically 

significant at the .05 significance level. The main effect for manipulation yielded a F ratio of 

F(1.499, 32.973) = 40.007, p < 0.001, partial eta = 0.645, indicating a significant difference 
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between the levels. The main effect for pattern yielded an F ratio of F(3, 66) = 54.598, p < 

0.001, partial eta = 0.713, indicating a significant difference between the levels. The 

interaction effect for similarity was significant, F(3.799, 83.583)  = 11.738, p < 0.001, partial 

eta = 0.348. 

3.4.1 Manipulation type 

The significant main effect for manipulation shows that at least one manipulation type 

differs significantly compared to at least one other regarding artifacts. Figure 17 shows that T 

(mean 63) looks to have significantly less artifacts compared to PT (mean 40) and possibly P 

(mean 50). To see which manipulation types that differs significantly from each other, a 

paired sample t-test was conducted where all three pairwise comparisons were made, shown 

in figure 18. The results show that all comparisons where statistically significant which 

means T has the least amount of artifacts, and PT has the most. While PT was shown to give a 

greater variation, it was also rated as less natural and perceived to have more artifacts, while 

T was considered most natural and with the least amount of artifacts while also being rated to 

be the least varied manipulation type. 

 

Figure 17: The mean and standard deviation showing the main effect of manipulation type for 

artifacts. 
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Figure 18: Paired t-tests of manipulation, adjusted using Bonferroni method, significant 

comparisons highlighted in green. 

 

 

3.4.2 Pattern 

The significant main effect for pattern reveals that at least one of the patterns differ 

significantly compared to at least one other pattern. Looking at figure 19, it seems that pattern 

4 (mean 26) differs from the other, pattern 1 (mean 58), pattern 2 (mean 53) pattern 3 (mean 

67), significantly. To examine which patterns differ significantly from each other a paired 

sample t-test has been conducted on all six pairwise combinations, shown in figure 20. The t-

tests show that pattern 4 has statistically significantly more artifacts compared to all other 

patterns, and pattern 2 and pattern 3 differ significantly in terms of artifacts, where pattern 3 

is perceived to have less artifacts than pattern 2 and pattern 4. The ratings for artifacts match 

up with the ratings of naturalness as expected, and pattern 4 shows most artifacts which 

corresponds to the naturalness. The reason for pattern 4 being rated low in both naturalness 

and artifacts might be due to how the sentence was spoken and how the manipulation process 

handled that specific pattern, depending on how much manipulation is done pattern 4 might 

have had qualities that required more manipulation than the other three patterns which 

resulted in a less natural sound with more artifacts. 
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Figure 19: The mean and standard deviation for artifacts showing main effect of pattern 

without hidden reference ratings. 

 

 

Figure 20: Paired t-tests of patterns, adjusted using Bonferroni method, significant 

comparisons highlighted in green. 

 

 

3.5 Interaction Effect 

The interaction effects were statistically significant for all three dependent variables. 

Although these interactions could be of importance when considering what type of 

manipulation to be used on different types of patterns it will not be considered critical 

because of the large variation that can be used as source material for the different types of 
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manipulations. Every recording is unique, and this brings up the question of how many 

patterns should be tested for the interaction effect to be accurately considered. One reason for 

the statistically significant interaction effect could be due to the high statistical power of the 

analysis (low variance in rating). This means that some interactions showed up as significant 

but may not be important when considering their effects size. Therefore, the interaction 

effects of the dependent variables will only be showed and mentioned but will not be 

considered when discussing the findings and uses of this research because of the unknow 

reason for their occurrences. 

As shown in figure 21, the interaction effect for similarity is clear between pattern 4 

and T, which shows that the T manipulation was rated as more different from the reference 

for pattern 4 compared to the other patterns. In figure 22 the interaction effect between 

pattern 2 and T shows that the naturalness increases a lot for pattern 2 when T manipulation is 

used, which is not the case for the other patterns. Again, for artifacts shown in figure 23, 

pattern 4 and T show an interaction which means that for pattern 4 with T manipulation is not 

following the decrease in artifacts shown in the other patterns. Again, the reason for these 

interaction effects occurrences is unknown. 

 

 

 

 

 

 

 

 

 

 

 



   

35 

 

Figure 21: Line graph of similarity showing the main effects and interaction effect with 95% 

CI error bars. 

 

 

Figure 22: Line graph of naturalness showing the main effects and interaction effect with 

95% CI error bars. 
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Figure 23: Line graph of artifacts showing the main effects and interaction effect with 95% 

CI error bars. 

 

 

4. Discussion 

This study aimed to see if it is possible to use Revoice Pro 4 (Synchroarts, 2019) to 

create variation in recorded dialogue by changing the intonation pattern through pitch, timing 

or both pitch and timing, and to evaluate which type of manipulation create the most variation 

while also considering the naturalness and artifacts. The three types of manipulations were 

performed to resemble four different intonation patterns to examine if the different 

manipulations could be used on a wide range of expressions. 

4.1 Manipulation Type 

As shown in the results and analysis the manipulation type that yielded the most 

varied sample was pitch and time (PT) manipulation followed by pitch (P) and then time (T). 

Therefore, from this information a game sound designer aiming to create the most variation 

would want to use PT. But to only consider how varied the samples were perceived would not 

give any insight to whether any of the manipulation types would be usable to create variation 

of dialogue in a game context. To be able to assess if the varied samples are going to be able 
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to be used, the consideration of naturalness and artifacts must be taken into account because 

if the manipulated samples display too many artifacts the player would notice a reduction in 

audio quality. 

While PT was considered the most varied manipulation type it was at the same time 

considered to have the lowest rated perceived naturalness and the most artifacts, this might be 

due to the greater amount of manipulation made when altering both pitch and timing. Since 

there are many outside factors playing a role in how well the manipulation is made, for 

example, actors’ sex, language, mood, different patterns etc., the manipulation will most 

likely be different in every specific case which might result in a different manipulation type 

creating the best results. But for this particular study it is shown that using PT manipulation 

actually creates a highly varied sample, although it might be too unnatural and include too 

many artifacts to be used in an actual game context. Again, this is shown in these limited 

number of samples, and might show different results if for example a female actor is used, or 

if the method is applied to a different set of sentences with a different set of patterns. 

Both naturalness and artifacts were rated similarly, where T was rated most natural 

with the least amount of artifacts, and PT was rated least natural with most amount of 

artifacts, as expected, as these dependent variables both essentially describe the same thing. If 

the sample is considered unnatural it is most likely due to the artificiality that is introduced in 

the manipulation process and if it is considered to have a lot of artifacts it will most likely not 

be considered as natural. And seeing as the majority of the subjects were audio engineers, the 

distinction between naturalness and artifacts could be a problem if the subjects are used to 

listening and assessing artifacts and might therefore mix up the two concepts, whereas 

untrained listeners might be able to more easily distinguish between the naturalness of the 

intonation pattern and artifacts seeing as they have less experience in listening to, and judging 

artifacts. The goal of assessing naturalness was to get a sense if the subjects perceived the 
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phrase to be natural in terms of intonation regardless of the amount of artifacts, although 

these concept seem to have been mixed up by the subjects. This could possibly have been 

avoided if the question included a description of the term with examples of moods for 

example happy, questioning, etc., which would have guided the subjects to listen to the 

intonation pattern instead of the artifacts. A connection between the two dependent variables 

can therefore be made to describe the perceived audio quality when discussing the different 

manipulation types seen as the results from both naturalness and artifacts show similar 

ratings, indicating that the questions were interpreted the same way. 

So, by taking the naturalness and artifacts into account the best manipulation method 

for creating varied samples of recorded speech would be P manipulation which showed a 

great amount of variation while still being perceived as quite natural and with less artifacts 

than PT. 

Although the samples created might not sound identical to a real recording, they 

might still be acceptable to be used to create varied dialogue for an in-game character in a 

complete sound design environment with all elements included such as ambiences, sound 

effects etc. Or in the context of a game where a sound designer might process the dialogue 

heavily, for example an alien voice, the lower audio quality of the PT manipulation might be 

masked by this process and could possibly be used to create a greater variation. And in a 

more dialogue driven game where even P manipulation would exhibit noticeable decrease in 

audio quality the T manipulation could be used to create a small amount of variation while 

retaining a higher audio quality. This shows that creating varied samples of recorded dialogue 

using available software is possible, although this study only aimed to test the samples by 

themselves which does not prove if the method is usable in an ecologically valid game 

context, rather than as a proof of concept 
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The variations created using Revoice Pro 4 (Synchroarts, 2019) tried to match the 

intonation patterns of different recordings of the same phrase and while perceived variation 

was achieved, it is not apparent if the process accurately mimicked the intonation patterns of 

the guide patterns rather than exhibit Revoice Pro 4’s ability to create perceivable variation. 

4.2 Pattern 

The patterns were mainly used to see if the different manipulation methods would be 

transferrable to different ways of saying the same sentence, to be able to see if it is possible to 

use the manipulation methods in many different situations. The scope of this study used only 

four different patterns because of the limited timeframe. When looking at the results and 

analysis of the different patterns we see that only pattern 4 (tired) differs from the other in 

terms of similarity. This means that there is no difference in similarity between pattern 1 

(happy), 2 (questioning) and 3 (stressful), which shows that the manipulation process worked 

over a range of patterns but for some reason created more variation for pattern 4. When trying 

to create new varied samples from a recorded piece of dialogue, the vast amount of variation 

introduced only from what sentence is used and how it is said will affect the outcome of how 

the audio quality is degraded by the process. For example, if the original recording and the 

guide pattern have similar intonation pattern the induced artifacts will most likely be less than 

if they differ a lot. But since three out of four patterns did not differ significantly in terms of 

similarity, this might show that the manipulation process could be used in many different 

situations. The fact that pattern 4 (i.e. tired) was rated to have a greater amount of variation 

might be connected to the amount of processing made on that specific pattern, and if a larger 

number of different patterns would be used it might show that the majority is rated equally in 

terms of similarity. 

Again, we see the connection between the naturalness and artifacts, where all four 

patterns are rated similarly, which shows that these dependent variables are connected and 



   

40 

 

display the perceived rating of audio quality. The differences in audio quality between the 

patterns might be due to how much manipulation is applied to the different patterns. If one 

pattern has a pitch contour that resembles the neutral recording, the process will alter the 

sound less and in turn might induce less artifacts, while a pattern that is very different from 

the neutral recording will be more heavily processed and might exhibit more artifacts. 

4.3 Critique of Methodology 

The decision to only use four patterns was taken due to it fitting into the time fame 

and scope of this study, however it might be argued that the use of more patterns would show 

if the process would be applicable to a wider range of expressions in the spoken phrases and 

would give a greater insight to how well the process handles the manipulations on a broader 

scale. 

How the manipulated samples are created in Revoice Pro 4 (Synchroarts, 2019), as 

explained in section 2.1, explains only how the settings of the software are configured, it does 

not explain exactly how the process is done. Although the spectrograms in section 2.1 showed 

that both fundamental frequency and formants were altered but it is not clear as to what other 

manipulation has been done to create the manipulated samples. While this could be of interest 

in understanding what has been done to achieve these results, the focus of this study lies in 

how a sound designer might be able to use software that is available to prevent repetition in 

game dialogue. A typical sound designer is usually not interested in the underlying code and 

process as much as the results that they can achieve using the software. 

The fact that the majority of subjects studied or had studied audio engineering and 

considered themselves to be critical listeners could have affected the results whereas the 

average gamer is most likely not an audio engineer or consider themselves to be critical 

listeners. Therefore, it can be argued that a larger spread of subjects could be useful to see if 

there was any difference between the groups. If a larger sample size with more spread-out 
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occupation was used a comparison of groups with and without listening experience could 

have been done, although this would have been too big for the scope of this study. 

Lastly it can be argued that the subjects were allowed to adjust the level of the 

headphones could possibly have an impact on how they perceive the stimuli, which in turn 

could affect the results. This was considered when designing the listening test and a decision 

was taken to prioritize the comfort of the subjects with the knowledge that it could have an 

impact on the results. 

4.3.1 Choice of software 

To be able to manipulate these parameters two commercially available softwares were 

considered, Melodyne (Celemony, n.d.) and Revoice Pro 4 (Synchroarts, 2019). The reason 

for trying both softwares were to assess which software was able to recreate the patterns best 

regarding the naturalness and artifacts while also considering the aspect of how much time 

and effort the different methods needed to create the manipulated samples. Using Melodyne 

to recreate the different intonation patterns, every syllable had to be carefully sliced at the 

right place, and the manipulation of the pitch had to be done by pitching each syllable 

manually to match the guide pattern and the same process had to be done for the timing and 

length of each syllable. This resulted in a very time-consuming process which in the aspects 

of a game sound designer would not be reasonable. After evaluating the different samples, a 

decision to use the samples created in Revoice Pro 4 was taken due to the higher grade of 

naturalness and lower amount of artifacts, and the consideration of how much time it took to 

create the different samples. The process of using Revoice Pro 4 is dependent on using guide 

tracks to create the varied samples, this ensures that the manipulations is not performed at 

random and relies on the guide track being natural or having the sought characteristics in 

terms of intonation pattern. While other software such as Melodyne could be used, the 
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process of manually altering the pitch or timing in a natural recording is a lot harder and more 

time consuming. 

4.4 Conclusion 

This study has shown that it is possible to create variations of recorded dialogue using 

technology that is readily available to sound designers. Through manipulation of pitch and 

timing, new samples were created that were perceived to be varied (i.e. different from the 

original neutral recording). Although the quality of the manipulation might not be good 

enough to use in a game, the method might be refined to create samples that are natural 

enough and have an acceptable amount of artifacts. The manipulation process P showed the 

best balance between perceived variation and audio quality and would from the results of this 

study be the recommended manipulation type when trying to create variation in recorded 

dialogue. While this is a first step in the research for creating variation in game dialogue the 

success of the study could be used as a stepping stone to further research the area. 

4.5 Future Research 

This study has been a first step in exploring the possibility for game sound designers 

to expand the sample bank of a characters’ dialogue to try to avoid a repetitive experience for 

the players by altering intonation and rhythm. While this study only examined the sounds 

outside of a game environment the possibility for further research to conduct a playing 

listening test with more ecological validity would be of interest, to see if the manipulations 

performed on the recordings would be perceived as varied inside a game context and if the 

naturalness and artifacts would be acceptable. To further expand on the research the use of 

more sentences with more patterns could prove if the manipulation could be used on a wide 

range of dialogue content. 
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Appendices 

Appendix 1 – Listening Test Instructions 
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Appendix 2 – Questionnaire Regarding Demographical Data 
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Appendix 3 – Mauchly’s Test for Sphericity 
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Appendix 4 – ANOVA Tables 
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