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Abstract 
As a student in an audio production course we are taught the 
importance of an acoustically well treated room in order to 
accomplish a balanced mix. This brief explanation is suggesting that 
the sound’s behaviour in the room is now controlled. With the help 
of a good pair of high quality studio monitors the frequencies are 
presented in the way they are intended to be heard by the creator of 
the mix. But with speech, one also needs to understand what 
someone else is saying instead of solely hearing.  
This thesis is researching the relationship between the acoustic 
properties of a classroom and speech intelligibility. This possibly 
matters not only to me as an enthusiastic student but it could also 
affect all high schools existing. A good listening environment should 
be accessible for every student who is participating in a listening 
test, or is attending a lecture for that matter. This only to ensure that 
the grade the student scores is only depending on his own 
knowledge and concentration span, not on a bad monitoring device 
or bad acoustical characteristics of the room the students are in. 
Because this thesis is checking for a relation between acoustics and 
speech intelligibility also a speech intelligibility test has been 
conducted, a so called CVC test. 
In order to check for a possible relationship, the classrooms 
acoustical properties where the tests took place were researched to 
collect data. Three methods of data collection for this was being 
used: first the Sabine method, the second method was conducted 
with a measuring microphone and software, and the final method is 
capturing a short transient sound which is later analyzed in a DAW. 
All the tests and results are thoroughly explained in this thesis.  
The collected, analyzed, data from the rooms acoustical 
characteristics and CVC tests are placed into graphs and tables to 
check for a possible relationship. 
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Chapter I Introduction  

I. Research questions 

This major project is put together to find critical points where there 

are still a lot of undiscovered, unknown territories. Namely acoustics, 

how the human ear behaves and the perception of sound. It involves 

science, physics and human anatomy.  

The title of the major project is therefore ‘Acoustics and Grades’.  

After taking a deep breath and dove into the matter of acoustics, 

new questions came up to the surface. We, as students are always 

looking for answers to the questions we have. Some are easily 

answered and others are not.  

By researching topics related to the title of this project the aim is to 

find out if there is a relationship between acoustics and how high 

schoolers score on listening tests. 

E.g. a dictation from a list of words in the French language, an 

English listening test during exams or just regular class. The 

intelligibility of speech is of high importance in classrooms and 

schools itself. If the intelligibility of speech is bad, students will 

probably having a hard time 

understanding what is being 

said. See Table 9. 

�1
Table 9.  
STI Category label, Embedded acoustics (2014)
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Note that even at an STI of 1.00, speech quality may be perceived as 

far from perfect, according to Embedded Acoustics (2014). 

Could a result of this be that students are trying too hard to listen to 

what is being said and therefore can not follow what the teacher is 

trying to explain and lose concentration? 

Ever since the beginning of studying audio production courses, we 

were taught the importance of the room’s acoustics. That has always 

fascinated me because every room sounds different, according to 

Rational acoustics (2017).  We are aware of this phenomenon 

because we are thought several rules in physics. RT60 is a factor but 

also the noise floor of a room.  

The main question in this thesis is: “What is the relationship between 

classroom acoustics and grades children getting on listening tests, if 

there is a relationship?” 

 

First thing that needs be stated are the classrooms acoustic 

characteristics. 

Then conduct an experiment where I am trying to find out if there is 

an actual relationship between room acoustics, speech transmission 

and speech intelligibility.   
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Then a very important sub-question also is: “How does one measure 

acoustic properties of a room?”. The fact there are many different 

approaches to do this makes it harder to find one right way to do it. 

Prodi, Et al. (2007), Kumar, S. (2009), San Souci, Et al. (2006) 

Therefore several methods will be demonstrated that will hopefully 

show the reader a broader understanding of how this phenomenon 

can be put into numbers that will give definition to the intangible. 

 

A sub-question that follows up on that is to find out the relationship 

between room’s acoustics and how well or how bad, high schoolers 

score on listening tests is: “How does one measure speech 

intelligibility?”  

Again here are multiple options possible to reach a similar result. 

Embedded Acoustics (2014), NTI Audio (2017), Rational acoustics 

(2016). 

For this experiment the STIPA IR method is used in conjunction with 

Smaart v8 software. This method provides a lot of detailed 

information that contributes in finding a relation, if there is any at all. 
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II.    Objectives 

One of the objectives is to check importance to the philosophy that 

unwanted external factors should not interfere with the process and 

therefore have a negative outcome on the end result.  

This seems rather impossible but can be something to strive for.  

What also needs to be taken into consideration are two forms of 

distractions that are a potential variable during listening tests: 

Internal and external distractions. Internal distractions can be having 

the urge of using the bathroom, having a strong overpowering 

appetite, thirst or even a bad home situation can cause one’s 

thoughts to drift of during an important test at school and therefore 

could result in a bad score as stated in an article about the IELTS 

from Aehelp (2014).  

During the observation of the high schoolers when conducting the 

tests for this thesis, a few things were noticed. High schoolers 

nowadays do have mobile phones, even in class. There was a strong 

scent of perfume in the corner of the classroom where the girls were 

sitting and a lot of rumour close to the tables where the boys were 

sitting. Those small examples could all be a potential form of 

external distractions. 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Now, as I ideally want these high schoolers to be in a optimal 

listening environment during their tests, no one can forbid perfume, 

one can not simply change someones feelings about their home 

situation, but the opportunity can be given to them to go to the 

bathroom and to re-energize by giving the participants a small break 

before the actual test takes place. 

Also if the outside noise and noise floor are as low as possible, the 

easier it is for our ear to understand the signal as shown in Figure 1. 

In this case the received signal is the teacher talking or sound 

coming out of the speakers during a listening test and the noise 

floor, students talking, air-conditioning idling and or outside noise 

leaking in. 
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To sum up the objectives: 

1. Showing the reader the importance of the listening environment 

in schools where listening tests are taking place. 

2. Eliminate as much internal and external factors that can 

negatively influence the score on the listening test. 

3. The maximal SNR for the best received signal strength. 

What is an optimal listening environment? What is the optimal 

environment for speech intelligibility? Those are subjective 

questions that will not be answered in this thesis. But however if we 

can control the internal and external variables around this situation 

as well, we are getting closer to give answers on the earlier 

mentioned questions. 
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III. Significance of the study 

The findings of this study will contribute to a better learning 

environment for high schoolers and students. It will benefit most 

situations where there is the need for optimal acoustics that 

contribute to the best speech transmission and speech intelligibility 

possible. One way is to exterminate as much of the external factors 

that can have a negative impact on the results of listening tests. This 

can all help to set a certain value and requirement in the future for, 

hopefully, all schools where they will eventually meet the same 

criteria and standards. 

This thesis will also give a little more insight and understanding of 

the use of a teacher’s voice level. Research by Lambrecht (2012) 

shows that when people consistently talk to loud and thus using 

their voice the wrong way, this abuse can cause voice disorders such 

as dysphonia: unwanted drifting in pitch and or a harsh throat and 

also in the worst case, aphonia. This can be prevented by creating a 

well acoustically treated room where not that much effort is needed 

to speak and transfer important messages from one end of the room 

to the other, day in and day out. 
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If schools will apply the recommended approach this will benefit 

schools to offer a more relaxed listening environment for students 

and teachers. This study also tries to raise the awareness by the 

teachers in using their voice the right way. It might be a good idea to 

let one inform his or herself well in how to use their voice the right 

way when professionally using their voice.  And according to 

Lambrecht (2012) one can seek help for the right way to use their 

voice as a professional with the help of a speech and language 

therapist.  
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IV. Scope of the study  

The study focusses on STI, Speech Transmission Index in classrooms. 

Throughout the years there are several different methods developed 

to measure STI values such as the RASTI method but also STI, STIPA 

and STIPA-IR, Odeon (2014). RASTI is a method that is faster to 

execute but acquires only few points of a complete set of 

modulation indices (Horrall et al., 1985).  

SM-50 by embedded acoustics or the NXL-2 by NTI-Audio are ideal 

measurement tools to determine accurate STI values however this is 

was not accessible to use for this thesis because the devices needed 

for the measurement were way above the given budget. In this 

thesis the method of measurement used is the STIPA-IR in 

combination with Smaart v8, Rational Acoustics LLC (2017). The 

method that was last mentioned also gave the possibility to conduct 

other relevant experiments used for this thesis with the same 

equipment such as: RT60 calculation, noise measurements and free 

field and diffuse field measurement set ups. Because the Smaart v8 

software analyses from small recordings the collected data can later 

easily be processed, analyzed and recalled if necessary.  
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Although it is a cheaper variant, it is a valid and reliable method that 

is according to Rational Acoustics (2016), literally just a subset of the 

full STI measurement, calculated from exactly the same 

measurement data. 

 

Regular high school classes generally in the Netherlands can have 

up to around 22.4 students according to OECD (2011) in 2009, 

which are a lot of students in one classroom. The high school class 

that helped me to execute my experiments handles a lower number 

of total students per class. This is because they are following VMBO 

which is an abbreviation that stands for: “preparatory secondary 

vocational education” (EP-Nuffic, 2014). The total amount of students 

in the class were fourteen students.  

This also makes the framework of my experiment more relevant to a 

real life situation. The tests were held at a high school called:  

Stad & Esch, located in Meppel, The Netherlands. In total ten 

students participated. Seven boys and three girls. Teachers who 

teach at this level of education do not only give traditional lectures 

but are they are also functioning as a coach and supervisor of the 

students (Vereniging landelijk werkverband praktijkonderwijs, 2017). 
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To check for a relationship between acoustics and grades I needed 

to conduct an experiment to see how well students perform during 

a listening test in different rooms. In order to do that I used a CVC 

test was developed and tested by with TNO Steeneken, Geurtsen, 

Agterhuis (1990). 
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Chapter Ⅱ Literature Review, Conceptual Framework and 

Hypothesis 

I. Literature Review 

For every test and before any opinion was formed I first had to find 

out how to approach this matter and why that is the correct way. 

Finding existing resources is step one. Step two was to make sure 

they are academic sources only.  

In paragraph 1.2 from the book about qualitative research by Baarda 

et al. (2013) this is explained step by step. Here, also the validity of 

resources is pointed out which is important to validate a conclusion 

thus outcome of the experiments in case.  

Before starting researching subjects in this field of audio 

engineering I did not know much about speech transmission and 

how to measure such a phenomenon. 

After reading through many webpages, journals and books several 

ways to measure speech intelligibility were found.  

First a brief introduction about STI and the history of it. 

STI was first invented in the 1970’s by Herman Steeneken and 

Tammo Houtgast, both working at TNO in the Netherlands. 
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“They were inspired by the application of the so-called modulation 

transfer function as used in optics to express degradation of visual 

signals in optical pathways. The STI also utilizes modulation transfer 

functions, but in the acoustic domain” (Embedded acoustics, 2017). 

After the duo released a paper in 1980, more acoustical consultants 

and audio engineers read into the matter and started developing 

commercial products such as the Rapid Speech Transmission Index 

Meter as can be found online (Embedded Acoustics, 2014). 

In 1985  the Danish audio company called Brüel & Kjær developed a 

device to execute the RASTI method. Also here is the basis for the 

RASTI method, a measurement of the modulation transfer function 

between the transmitter (the speaker) and the receiver (the listener) 

(Horrall, et al.1985).   

Now since the invention of RASTI measuring devices, STI has 

become a widely used method to measure speech intelligibility.  

Van Wijngaarden (2014) mentioned that older speech transmission 

index variants are still specified by some standards, which are STITEL 

and RASTI. The downfall of the RASTI method is however that it is 

not equipped to deal with nonlinear distortion.  
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This means that in pure room acoustics this method works but not 

when electro acoustic devices are being used because they do 

introduce nonlinearities. Hence a microphones and speakers do not 

have a flat frequency response. 

Embedded acoustics (2017) states the following: “Since the 

introduction of STIPA (which is equally suitable for situations with or 

without electro-acoustic devices), RASTI is considered obsolete.”  

This means that for the experiment a different method is needed to 

measure speech intelligibility. The STITEL method is not being 

treated in this thesis since this method is nowhere mentioned or 

described as valuable for the purpose of the conducted 

experiments. It is valuable to mention since this was an applied 

measurement technique but it is now outdated and not complying 

to todays standards of objective rating of speech intelligibility by 

speech transmission index, BS EN 60268-16:2011, (2011).   

Begin (2015) writes in his tech note about measuring speech 

transmission index with APx audio analyzers that: “The FULL STI 

method requires 98 test signals to be applied sequentially, with each 

measurement taking about 10 seconds. The overall measurement 

time is approximately 15 minutes. FULL STI is considered to be the 

most accurate of the STI methods, but it is rarely used today because 

�14



Paul Fitz Verploegh AMS-505282 Acoustics and Grades

simplified methods which were subsequently developed are faster 

and more practical”. 

Thus STIPA is the method I am further devoting this thesis to since 

for my experiment I will use speakers (PA) as the signal source and 

microphone for calibration of the sound source. 

Table 1, that can be found in Appendix B, is made by the British 

standards institution. Here it shows an overview of the applicability 

of tests which helped me to decide which method works best for my 

experiment. BS EN 60268-16:2011 is the european standard and 

therefore applicable to my thesis. 

Before conducting any experiments in the classrooms, more 

information was needed about the classroom’s acoustic properties.  

During researching topics for this thesis a specific website caught 

the attention namely Spraak en gehoor, (2017). This website showed 

information about Rob Drullman who graduated at the University of 

Amsterdam and was connected for 15 years to TNO, Human Factors. 

He also collaborated with Tammo Houtgast and Herman Steeneken, 

the founders and creators of the STI as stated on the website Spraak 

en gehoor, (2017). Also on the webpage a CVC test menu was found 

but registration was required to gain access.  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In order to grant access and possibly use the CVC tests, I sent Mr. 

Drullman an e-mail explaining my intentions and asked what the 

possibilities are. 

In an email written back to me, Mr. Drullman also wrote that there 

are two main important factors when it comes down to speech 

intelligibility, RT60 and Noise (Drullman, 2017). 

To calculate RT60 I used the information from the tutors handout 

Frewen (2015) about the Sabine method. In which is explained how 

to handle certain variables in the given formula that results into a 

number that can be used to calculate the RT60.  

 

Rational Acoustic’s Smaart v8 helped me to give an insight in the 

acoustic properties of the classrooms acoustics. Beckman (2017) 

pointed out in his lecture to me and a co-student that when one is 

getting signal into the software it should not exceed the “green” 

zone when recording into Smaart v8. This is important to prevent a 

distorted signal which could temper the final result. In every 

classroom from the high school where the experiment took place, 

there were 3 measurements taken. The microphone positioned on 

the left, centre and right side of the classroom. 
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The third and final method I used, is well explained in a video that 

can be found online on Youtube (Courtney, 2013). This is a rather 

easier way to find out the general RT60 value of a room which is not 

specified to a given frequency. This method however needs a lot of 

different measurements at different positions in the room and 

averaging before any conclusions can be made. 

The definition of RT60 according to NTI (2017) is, the standard 

reverberation time measurement and is defined as the time it takes 

for the sound pressure level to reduce by 60 dB, measured from the 

moment the generated test signal is abruptly ended.  

Referring back to what Drullman (2017) said in the e-mail mentioned 

before, there are two leading factors when it comes to speech 

intelligibility, noise and RT60. 

Because RT60 alone does not offer enough data about the rooms 

acoustic properties therefore I also measured the room’s noise floor 

with the use of Smaart v8 which will be explained thoroughly in 

chapter Ⅲ . Now that I have written about which theory will be used 

to determine the STI and how to measure the rooms acoustics, next 

there will be theory and literature used for the actual experiment 

itself, the CVC test. 
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Ⅰ. A. Literature Review CVC  

The CVC test that has been used to conduct this experiment has 

been developed and scientifically tested by TNO (Drullman,2017). 

The original recordings were made on digital audio tape (DAT). The 

recorded speech material was specified with respect to speech 

levels, spectra and level stability Steeneken et al., (1990). 

I contacted a professional speech therapist form my network and 

asked her the question if she could possibly provide me with 

literature about the subject of my thesis and, or any related articles. 

In a Facebook chat Postma Zanting (2017) informed me that she will 

ask if anyone form her professional network, which are all speech 

therapists, could provide me with more information about the thesis 

subject. She forwarded an e-mail address from a speech therapist 

named Nina Osterloh who works for the VUmc with children who are 

hearing impaired. Osterloh (2017) mentioned in her email to me 

that she doubted the outcome of the CVC test because she thought 

that all students will get a 100% score since all of the students hear 

well.  

That is in contradiction of what Steeneken mentioned in Steeneken 

et al. (1990, p. 17). which is the following: “Actual intelligibility 

measurements require extensive training of new listeners.  
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Since the measuring session may extend over many days, any effect 

of learning on the task should be monitored.”  

This means that if a group of tested people already participated in 

the same test versus a group that has never participated, the first 

group could have learned some of the words. And thus 

memorization becomes more of a factor instead of speech 

intelligibility in correctly answering the questions. 

 

For the experiment that has been conducted for this thesis, there 

was no room to train the new listeners and monitor any effects of 

learning. I wanted the opposite to happen. To realize this last given 

factor, for every test in each different classroom, different CVC lists 

were used. I.E. different CVC words in different carrier sentences and 

in a different order.  

This was done specifically to prevent the students from learning the 

words and therefore recognizing the words in the tests following 

and thus keeping the experiment as objective as possible since the 

main objective is only to find out if there is a relationship between 

acoustics and the final score on listening tests. 
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II.Conceptual Framework 

In order to avoid interference of any other external factors which 

could have a negative effect on student’s results, this is an important 

thesis to me.  

If at one hand we can prove and show benefits in having optimal 

listening environments for schools this will hopefully improve the 

entire educational system in the Netherlands and other countries. 

Of course we need to take budgeting into consideration, but in this 

major project there are no details in the financial aspects of 

acoustical treatment and on how to approach home made acoustical 

treatment and building and or installing such. 

I am a sole proprietor in the audio industry and own a small 

company that makes custom acoustical treatment for home studios 

and cinemas, this could also attract new potential clients if the 

demand will increase due to a positive outcome of the experiments. 
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III.Hypothesis 

The title of the thesis can be redefined into the following hypothesis: 

“There is a relationship between the classroom’s acoustics and the 

speech intelligibility which can influence the students performance 

when listening tests are taken place and thus influence the final 

score.”  

In chapter Ⅲ the research methodology will be thoroughly explained 

in order to prove or disprove the above stated hypothesis. 
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Chapter Ⅲ Research Methodology 

I. Specific Research Purpose and Research Questions  

The purpose of this research is to contribute to a better learning 

environment for students. The concept that students possibly can 

perform better when the room they are in is optimized for listening 

tests, is my area of concern. So questions as stated in chapter Ⅰ are 

for me to find out in this chapter. The outcome or result rather from 

the answers of these questions should lead me to the conclusion of 

this major project. Which if it has a positive outcome it could mean 

that there is evidence that students perform better in a acoustic 

optimized classroom. 

A.  How does one measure acoustic properties of a room? 

B.  How to conduct a CVC test? 

C.    How does one measure speech intelligibility? 
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II. Research Method 

A.   How does one measure acoustic properties of a room? 

Acoustic properties of a room can be calculated in various ways. 

One can measure the delay time measurement, reflection analysis, 

RT60, EDT, early to late energy ratios and speech intelligibility 

modelling (Rational Acoustics, 2016). 

Since Drullman (2017) stated that the 2 leading factors which 

influence the outcome of STI are RT60  and noise, the focus will be at 

measuring those two factors. 

RT60 values in the three classrooms were obtained in three different 

ways: 

 

  1. Sabine calculation 

  2. Impulse response measurement in Smaart v8  

  (Rational Acoustics LLC, 2017) 

  3. Recording a short transient sound and process it in a  

  DAW. 
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See Table 3,5,7 in Appendix B which shows the results from the 

classroom Sabine calculations. The measured Smaart v8 RT60 values 

are shown in Figure 16,20,24,28,32,36,40,44,48 in Appendix A.  

As for the third method by which the RT60 values of the classrooms 

were measured, the dissected wave files and Audacity project files 

are on the CD-ROM (Only included in the hardcopy version of this 

thesis) in Appendix F. The total RT60 times from the three methods 

are shown in Table 8 below, in seconds. 
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Total RT60 in Seconds

Sabine Smaart v8 DAW

Classroom A 3.14 0.468 0.673 0.543

Classroom A 0.30 1.19 0.863 0.981

Gymnasium 2.29 2.578 1.93

Table 8.  
Total RT60 In Seconds (Self-elaborated, 2017)



Paul Fitz Verploegh AMS-505282 Acoustics and Grades

III.Research Procedure 

1. Sabine calculation (Metric system) 

For the most accurate calculation, every object and material in the 

room needs to be taken into consideration as for the surface area 

and absorption coefficient to determine the final result. Due to time 

restrictions only the materials with large surface areas were listed in 

the data sheet I.e. the walls, floors, ceiling, chairs, glass etc. 

Excluding: lightbulbs, light switches, nuts and bolts, door handles 

etc. These small elements do all have an impact on the final RT60 

but these variables make such a relative insignificant difference and 

thus are not adding value to the purpose of why the rooms were 

measured in the first place.  

Sources used for the calculations of Sabine values are absorption 

coefficients gathered from several websites and academic journals 

which got their information from the ISO 354:2003. To obtain this 

particular source was out of budget for this project therefore I used 

secondary sources as a reference: Sengpiel (2014), CDS (No date), 

Acoustic (No date), Clasroom Acoustics (2000), JCW Acoustic 

Supplies (2014) and Harris, C.M. (1966).  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Below there is an outline of the method that has been used to create 

the tables as shown in Table 2, 4 and 6 which can be found in 

Appendix B. The resulting RT60 values can be found in Table 3, 5 

and 7 in Appendix B. 

 1. Calculate surface area (LxW) of each material in the   

 room. 

 2. Calculate Sabines for each material.  

 3. To acquire sabines follow the next formula.  

 (Sabines (SA) = Surface area x Absorption coefficient 

 4. Total Sabines per frequency.  

 5. Plug Sabine totals into the next formula. 

 RT60 = 0.161V/SA  

 Where V is Room volume in cubic meters (LxWxH)  

 Where SA is Sabines (Surface area x Absorption coefficient) 

The above calculations can be found online Sengpiel, (2014) and in 

my personal lecture notes from studying at Recording Arts Canada 

Frewen,(2015). 
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2. Impulse response measurement in Smaart v8 

According to Rational Acoustics (2015) in the most basic terms, an 

impulse response (IR) can be defined as the time domain (time vs 

amplitude) response of a system under test (SUT) to an impulsive 

stimulus. SUT in this case will be the classrooms acoustics. 

In order for this method to properly work one needs a transmitter 

and a receiver. A measuring microphone (as shown in Figure 2 and 

11 which can be found in Appendix A) and a speaker setup (as 

shown in Figure 12 which can be found in Appendix A) was used in 

order to record and measure a short burst of sound and its 

respective decay in the room.  

The software Smaart v8 does the RT60 calculations itself, if the 

measurements are correctly executed and the parameters are set 

right.  

First, the microphone needs a reference point when gain from the 

pre amp is applied to it. In order to do so, a lab tested sound 

calibrator is being put over the measuring microphone which sends 

a 1KHz tone at 94dB or 110dB, with minimal deviation as shown in 

the lab results see, Figure 49 and 50 in Appendix A. Then gain is 

applied to the microphone and set to exactly 94dB or 110dB 

(depending on the application) which can be monitored on the SPL 
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window in Smaart v8. See Figure 14 in Appendix A for the SPL 

window, located at the top right corner, currently set to 0.0. Now we 

need to generate a short loud blast of sound in order to capture the 

decay of that sound to determine the RT60. In this setup the sound 

was generated by popping regular balloons, this because every 

blast was between 1KHz and 2KHz.  

See Figure 17,21,25,29,33,37,41,45,49, Appendix A.  

The explosion is in a rather constant frequency range and therefore  

a reliable source for measurement.  

As stated in Rational acoustics (2017) manual, most rooms have 

significant background noise levels called noise floor, therefore a full 

60dB decay range is not always available. There is a workaround for 

those situations. The decay slope is then measured over a 30dB 

range and then doubled to work out the RT60. 

Thus the reverberation time RT60 (T20) is calculated as 3 * (time to 

decay by 20 dB) and RT60 (T30) is calculated as 2 * (time to decay 

by 30 dB) NTI (2017). 

So finally the RT60 time was calculated by Smart v8 however, 

according to Rational Acoustics (2015) the results from each 

measurement position should be averaged together, octave band 

by octave band to get an average decay time for each octave.  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Smart v8 does not do that part. Therefore I imported all the 

measurement data into Apple’s Numbers and calculated an average. 

This was done for all the three methods see Table 8, Appendix B. 

3. Recording a short transient sound and process it in a DAW. 

In this last method a receiver and transmitter setup was used. The 

receiver was the iSEMcon EMX-7150 measuring microphone, see 

Figure 2 in Appendix A and transmitter, the Dynaudio BM12-A as 

shown in Figure 53 Appendix A. 

In all three classrooms, three different impulses were recorded. 

Right, centre and left in the room. A diffuse field recording technique 

as seen on Figure 56 in Appendix A was applied because there are 

many reflecting surfaces so that the sound waves arrive from all 

directions according to the application notes found in iSEMcon, 

(2017). 

Also with this measuring technique there were regular balloons 

used to generate a short, loud burst of sound which was captured by 

the measuring microphone.  

This short wave file was imported in Audacity software, Audacity 

Team (2017). The audio file was normalized to 0.0dB so that the 

highest peak of that clip was set to 0.0dB.  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Then the audio track’s view was changed from regular waveform 

view to waveform dB view see Figure 55 in Appendix A. Here is the 

decay of the sound shown and also a grid with lines and their 

corresponding dB scale. Now we can determine when the signal 

drops below 60dB, if at that crossing point we make a selection or 

marker, the corresponding time in seconds is then given thus giving 

the RT60 time. If it was not possible to make recordings with at least 

60dB of headroom, the formulae can be applied as explained in 

method 2 from chapter Ⅲ. 

Noise Floor 

Smaart v8 was used to measure the noise floor and was captured 

with the use of the same microphone as in the other previous 

explained tests, the iSEMcon EMX-7150 see Figure 2 in Appendix A. 

Once the measuring microphone is calibrated to either 94dB or 

110dB with the sound calibrator, listed in Figure 51 and 52 in 

Appendix A depending on the application, the noise floor can be 

easily read from the realtime analysis window and saved. 
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B.   How to conduct a CVC test? 

In an e-mail from Drullman, R. (2017) I received links to a section for 

registered users only, where information can be found about the 

CVC test developed by TNO, which is used for this experiment. The 

explanation is very clear and condensed. A few things are worth 

mentioning before going any further into the research procedure. 

During a CVC test listeners need to understand short words from the 

type CVC (Consonant - Vowel - Consonant = CVC) Drullman 

Spraak&Gehoor (2016). The CVC words are placed in between other 

words that together form a sentence. The sentences without the 

CVC word are called carrier phrases according to Steeneken, H.J.M., 

Geurtsen, F.W.M., Agterhuis, E. (1990).  There are two ways of 

offering the test, through speakers or a with headphones according 

to Drullman Spraak&Gehoor (2016). In this experiment a speaker 

setup was used as shown on Figure 13 and 53 which can de found in 

Appendix A. In a normal CVC test listeners need to repeat the CVC 

word. Because this method was not feasible the participants wrote 

the words down see Figure 58 Appendix A. In the Dutch language 

some words can be written in different ways. I.E. “Slechter” and 

“Slegter” are pronounced the same way however only the first word 

is grammatically correctly written.  

�31



Paul Fitz Verploegh AMS-505282 Acoustics and Grades

Because the question here is not about the writing skills or 

grammatical knowledge of the tested high schoolers, but solely to 

find out how well they are capable of understanding speech and 

therefore understand what is being said, I did not marked these 

answers as wrong. 

Every test had three different lists of words and three difficulty 

stages. Row one had no noise introduced to it, row two had soft 

background noise: 15dB SNR lower than the average speaking 

volume and row three had average to loud background noise : 5dB 

SNR lower than the average speaking volume Drullman 

Spraak&Gehoor (2016).  

According to the technical Committee on Architectural Acoustics of 

the Acoustical Society of America (2000) the average speaking 

range loudness is between 50-70dB SPL see figure 59, Appendix A. 

Therefore the volume during the test was set at 58 to 62 dB, 

measured from the listening position. 
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C.    How does one measure speech intelligibility? 

Two ways of measuring speech intelligibility came up after searching 

through various resources which are:  

  1. A STIPA Analyzer NTI Audio (2017),  

  van Wijngaarden, Dr. S.J., Verhave, J.A., (2014)  

  2. Smaart v8 Rational Acoustics LLC (2017) 

1. STIPA Analyzer. 

Unfortunately this method is not being used or treated in this thesis. 

Explanation of this method and thorough examination of this device 

is beyond the scope of this study. Since the budget was not allowing 

purchase of this instrument, the method of choice in this thesis is 

using Smaart v8. 
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2.  Smaart v8 

As found in the user guide (Rational acoustics, 2016) in Smaart, we 

measure STI indirectly from the Impulse response and the full STI 

measurement takes no longer to perform than a typical direct 

measurement of STIPA. The same technique to calculate RT60 was 

used for the measurement of STI as explained in section 2 from 

paragraph Ⅲ of chapter Ⅲ. 

Next a recording was made that met the IEC standard on STI BS EN 

60268-16:2011, (2011). The research team of Rational Acoustic, 

(2015) experimented and found that 5 seconds was a sweet spot, 

producing data points very close to all of the STI modulation 

frequencies. Therefore all the recorded wave files have a duration 

longer than 5 seconds just so that it does meet the criteria thus an 

objective outcome. 

Smaart does provide figures for both STI and STIPA however STIPA 

in our case is more properly termed STIPA IR, since it is based on IR 

data rather than measured directly. 

Only in this situation the All Bands button in impulse mode is being 

pressed. This action brings up a new window where every acoustical 

quantity that Smaart can calculate, is shown, as this information can 

be found in the IR guide Rational Acoustics (2015). 
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Ⅳ. Students and Sample. 

The initial plan was to have 5 girls and 5 boys participating in the 

experiment. It ended up to be 7 boys and 3 girls. Varying from 13 to 

15 years old. No participant had an average score below a 5 on the 

scale from 1 to 10 on the subject Dutch Language. All the 

participants had average grades.  

Before starting the first experiment a few requirements needed to 

be followed up in order to continue. 

Turn of any mobile device, if they needed to go to the bathroom, 

they were given the possibility. They were also given the freedom to 

have a snack or a quick stretch to make them feel comfortable and 

not have the participants to think about anything other than the test 

that was about to start. There could also be factors potentially 

tempering with the score such as a bad home situation or their 

attention drifting because of numerous reasons. The last called 

variables were not controllable nor taken into consideration for this 

test. 

In Orfus’s article about the effect test anxiety and time pressure on 

performance (2008) she states that time pressure is a component of 

test anxiety.  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Time pressure can be defined as a state of being compressed. It is a 

constraining force or influence that can psychologically persuade 

some to behave and think differently. 

This is very critical in an experimental environment like this.  

The results demonstrated that test anxiety together with time 

pressure does asset performance on a cognitive task according to 

Orfus, (2008). 

In the last test, that was at the gymnasium, the high schoolers are 

taught physical education. When the participants entered the 

gymnasium and saw a ball laying on the floor, they immediately  

started playing with it, which was allowed for a couple of minutes. 

After that the ball was put in the storage unit and was closed. The 

group was calm again and sat down to start the final test. 

�36



Paul Fitz Verploegh AMS-505282 Acoustics and Grades

Ⅴ. Data Collection Instrument And Technique  

Collecting data which contained RT60 information and noise floor 

levels is explained in chapter Ⅲ, paragraph Ⅱ. In further processing 

and notating the information in an orderly way the computer 

program Numbers has been used by Apple Inc. (2015).  

Data about room’s dimensions were measured and obtained with 

the use of a laser measuring device by Bosch, (No date). This laser 

measuring device meets the criteria as stated in ISO 16331-1 which 

is a document made by the International Organization for 

Standardization about optics and optical instruments ISO, (2017). 

The distance from the transmitter to the receiver that were used for 

the CVC test was measured, but also the distance from the 

transmitter to the listening position see Figure 62 in Appendix A. 

Finally after the 3 tests, there was a small questionnaire with 10 

questions that can be read in Figure 60 in Appendix A. The decision 

to have them to fill the questionnaire out after the experiments were 

done is also partially explained in paragraph Ⅳ Students and 

Sample. All in mind to not make the participants unnecessary 

nervous or scared, which could possibly put them in an emotional 

state that could cause them to perform differently.  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Ⅵ. Data Analysis Technique 

The questionnaire that was made for the participants, contained 

both qualitative and quantitative research questions. The qualitative 

questions were asked to gain an understanding of underlying 

reasons, opinions and motivations as Wyse, (2011) explains. Wyse, 

(2011) also states that quantitative research is used to quantify the 

problem by way of generating numerical data that can be 

transformed into usable statistics. The two methods of obtaining 

data were necessary in order to create an overview from different 

situations in the class that were going right and things that 

potentially might need more attention in the future.  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Ⅶ. Validity and Reliability 

When measuring db SPL with the use of a microphone that is going 

into a sound card to later be processed in software, you would need 

a calibrator. Because a lab tested,certified calibrator and 

microphone were used for the measurements, the resulting values 

have a very small deviation margin which is all found in the 

documentation of these devices as found in the list of tables. This 

way hardware used in similar experiments become very trustworthy 

and a reliable source. 

Also when the RT60 times were calculated for the different 

classrooms, three different methods were used to show various ways 

of collecting data. This way the results can be compared to see if 

they are similar or not. The results can be more accurate if there are 

more methods and points of measurement. 

However an outcome is inevitable after measurement and research, 

it is still hard to conclude any findings. 
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Chapter Ⅳ Practical part / Log book 

Ⅰ.Software 

The computer used during this entire research is an Apple laptop 

with OS X Yosemite 10.10.5. The programs to surf the internet, 

receive and sent emails are also from Apple which are Safari (Apple 

Inc., 2017) and Mail (Apple Inc., 2015).  

In preparation of the room measurements , CVC test, questionnaire, 

confidentiality agreement, tables, handouts and other text based 

documents were made in Numbers by Apple, (2015) and Pages by 

Apple, (2015). Examples of the wordlist and answer sheet can be 

found in Appendix A, Figure 64 and 65, other documents can be 

found in the appendices. 

The STIPA IR, RT60 and other acoustical measurements were 

recorded and processed in Smaart v8 by Rational Acoustics LLC, 

(2017) and Audacity developed by the Audacity Team, (2017). 
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Ⅱ. Hardware 

As mentioned in paragraph Ⅰ the computer used, is an Apple laptop. 

Hardware specifications can be found in Appendix A, Figure 63. The 

microphone used is made by company iSEMcon. Specifications of 

the microphone can be found in Appendix A, Figure 2 to 11. In 

order for proper microphone calibration, a sound calibrator was 

used as shown in Figure 49 to 52, Appendix A. The speaker used is a 

single Dynaudio monitor see Figure 53 and 54, Appendix A. 

 

Because the captured audio signal needed to be processed by the 

computer. Therefore a Focusrite audio interface was used for the 

AD/DA conversion, gain staging for the measuring microphone and 

sending signal to the Dynaudio monitor for the CVC test. Hardware 

specifications of the used model can be found in Appendix A Figure 

66 to 70. 
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Ⅲ.Logbook 

This document that has a global overview of the time spent on the 

thesis. The hours of doing research, traveling, conducting the actual 

experiments, writing and editing etc. See Table 10 below. 
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Chapter Ⅴ Results: Data presentation / Analysis 
After the final tests, data collection and analysis data needs to be 

presented. As well sufficient details must be provided in such way 

that another person, if allowed to access the data, could replicate 

the results as according to Statistics Canada, (2015). The 

presentation of data is mainly done in tables and graphs.  

The following three tables show the correct answers per test, per 

classroom. In test one (see Table 11) the high schoolers had more 

correct answers in the third row than in the first although more 

background noise was introduced to the played signal. 
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In test number two (see Table 12) we can see the trend going down 

which means that in row one the high schoolers had more correct 

answers than in the final, third row. 

And in the final test at the gymnasium (Table 13) the total opposite 

of test one occurred. In row one the highest score of the test was the 

result and in the final, third row the score is at the lowest overall 

score from the test.  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Table 14 shows the overall average on the Dutch language subject 

from class LBK 2A. This includes, grammar, writing, listening tests, 

reading skills and presenting skills combined to one average grade. 

This information by itself is not included to support any arguments 

but is included for similar future studies that might need this 

information.  

This improves the accessibility because according to Statistics 

Canada (2015)  the product must be available to people for whom 

the research results would be useful. 
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In table 15 the results of the three tests are put into one graph to 

help making it more clear to the reader what the similarities and 

differences are in the end result. 
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Finally table 16 which is a graph where the results of the additional 

questionnaire are put together. 

Interesting is that eight out of ten do not have listening tests in the 

same room, although we can see a fluctuation in scores of the CVC 

tests in the different classrooms. Because this test measures speech 

intelligibility this could potentially be a factor which could influence 

the final results on other listening test. 
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Chapter Ⅵ Conclusions, limitations and recommendations 

After many days of researching, measuring, testing and writing, 

connections and conclusions were made from the analyzed data that 

have been obtained during the time period. 

As from the interpreted information we can state that the longer the 

RT60 in a room, the worse the tested high schoolers perform on the 

CVC test when more noise is introduced. This can be concluded 

from the data as shown in Table 15, Appendix B. 

The shorter the RT60, the tested high schoolers performed better on 

the CVC test while more noise was being introduced to the signal. 

This gives the conclusion that there is a relationship between the 

room’s acoustic character and how well high schoolers perform on a 

listening test. However this conclusion only counts for the rooms that 

were measured and for the group that was tested. The limitation 

would be the scale of this research. The tested group consisted of 

only ten students and three classrooms were measured. To state that 

the conclusion of this research is applicable to more high schools, 

an experiment on a larger scale should be executed. This would 

then be relevant to collect more data which can then be used to 

expand and elaborate on this subject even more. 
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Glossary 
 
AD/DA Analogue to Digital / Digital to Analogue 
CVC   Consonant Vowel Consonant 
EDT  Early Decay Time 
IEC  International Electrotechnical Commission  
IELTS The International English Language Testing System 
IR  Impulse Response 
ISO  International Organization for Standardization 
KHz  Kilo Hertz 
MTF  The extent to which the fluctuations in the original signal  
  are preserved in the signal reaching the listener. In the  
  field of Speech Intelligibility, the difference between the  
  original spectrum and the Reverberant spectrum. As   
  defined by Gracey & Associates (2017). 
PA  Public Address 
RASTI Room Acoustics Speech Transmission Index 
RT 60  The time it takes for a signal to decay by 60dB. 
SNR  Signal to Noise Ratio 
STI  Speech Transmission Index 
STIPA Speech Transmission Index for Public Address systems 
STIPA-IR Speech Transmission Index for Public Address systems  
  Impulse Response 
SPL  Sound Pressure Level 
SUT   System Under Test 
THD  Total Harmonic Distortion 
TNO  Netherlands Organization for Applied Scientific Research 
VA  Voice Announce 
VMBO Preparatory secondary vocational education 
VU  Vrije Universiteit 
VUmc Vrije Universiteit Medical Centre 
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Figure 1. Signal to Noise Ratio SNR, (2015) 

Figure 2. 
iSEMcon EMX-7150 Measuring 
Microphone (iSEMcon, 2016)
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Figure 3. 
iSEMcon EMX-7150 Specifications Values for 23℃ and 48V Phantom Power  
(iSEMcon, 2016)

Figure 4. 
iSEMcon EMX-7150 Frequency Response (iSEMcon, 2016)

Figure 5. 
iSEMcon EMX-7150 Isobars, typical (iSEMcon, 2016)
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Figure 6. 
iSEMcon EMX-7150 Polar patterns, typical (iSEMcon, 2016)

Figure 7. 
iSEMcon EMX-7150 THD V.S. SPL  
k2, k3 and THD (Blue/Red/Green) (iSEMcon, 2016) 

Figure 8. 
iSEMcon EMX-7150 THD V.S. SPL  
Equivalent Noise: FFT, 1/3 Octave, A-Weighted, ITU-R 468 RMS 
weighted (Magenta/Blue/Green/Red) (iSEMcon, 2016) 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Figure 9. 
iSEMcon EMX-7150  
Total Harmonic Distortion (iSEMcon, 2016) 

Figure 10. 
iSEMcon EMX-7150  
Frequency response V.S. IEC61672 Class1 and Class 2 Tolerance limits 
(iSemcon, 2016)  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Amplitude

10 -1,074

12,5 -0,706

Microphone Manufacturer: iSEMcon GmbH Model: EMX-7150 16 -0,384

Serial No.: 2231704 20 -0,153

25 -0,014

Measurement Date: 06.06.17  dd-mm-yy Temperature: 22,9 ° C / 73,22 ° F 31,5 0,076

Humidity: 41 %r.F. /  r.H. Pressure: 1005 mbar / 14,58 psi 40 0,137

50 0,170

63 0,189

80 0,201

100 0,206

125 0,202

160 0,198

200 0,188

250 0,176

315 0,161

400 0,137

500 0,113

630 0,087

800 0,057

1000 0,000

1250 -0,032

1600 -0,089

2000 -0,145

2500 -0,224

3150 -0,320

4000 -0,293

5000 -0,425

6300 -0,213

8000 0,148

10000 0,452

12500 0,603

16000 0,329

20000 -0,730

Phantom Power Microphone sensitivity: Reference microphone Brüel & Kjaer 4133

Supply voltage / Impedance mV @ 94dBspl,1kHz Sound calibrator Quest CA-22

Ref: P48/6,8k 7.20

7.00

Ref: P24/1,2k 6.72

6.72

6.37 Note: *1 calculated from P48/P24  

Microphone Frequency  Response 
Measurement Report

iSEMcon GmbH ● Zeppelinstr. 6 ● 68519 Viernheim Germany 
● www.iSEMcon.de ● sales@iSEMcon.de 

1/3 
Oktav-

Center-f

P24/2,4k *1

P12/1,2k *1

P12/0,68k *1

This document doesn' t represent a NIST (USA) or PTB (Germany) traceable calibration. 

Die dokumentierten Kalibrierdaten sind weder auf die NIST (USA) noch  auf die PTB (Germany) rückführbar.
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Figure 11.  
iSEMcon EMX-7150 (iSEMcon, 2016)
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Figure 12. 
Microphone setup (Self-elaborated, 2017)

Figure 13 
Speaker setup (Self-elaborated, 2017)
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Figure 14. 
IR Classroom A 3.14 Center D. 6.184 FREQ (Self-elaborated, 2017)

Figure 15. 
IR Classroom A 3.14 Center D. 6.184 HISTO (Self-elaborated, 2017)
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Figure 16. 
IR Classroom A 3.14 Center D. 6.184 LOG (Self-elaborated, 2017)

Figure 17. 
IR Classroom A 3.14 Center D. 6.184 SPEC (Self-elaborated, 2017)
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Figure 18. 
IR Classroom A 3.14 Left D.5.902 FREQ (Self-elaborated, 2017)

Figure 19. 
IR Classroom A 3.14 Left D.5.902 HISTO (Self-elaborated, 2017)
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Figure 20. 
IR Classroom A 3.14 Left D.5.902 LOG (Self-elaborated, 2017)

Figure 21. 
IR Classroom A 3.14 Left D.5.902 SPEC (Self-elaborated, 2017)
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Figure 22. 
IR Classroom A 3.14 Right D.6.12 FREQ (Self-elaborated, 2017)

Figure 23. 
IR Classroom A 3.14 Right D.6.12 HISTO (Self-elaborated, 2017)
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Figure 24. 
IR Classroom A 3.14 Right D.6.12 LOG (Self-elaborated, 2017)

Figure 25. 
IR Classroom A 3.14 Right D.6.12 SPEC (Self-elaborated, 2017)



Paul Fitz Verploegh AMS-505282 Acoustics and Grades

�70

Figure 26. 
Classroom A 0.30 Center D. 10.416 FREQ (Self-elaborated, 2017)

Figure 27. 
Classroom A 0.30 Center D. 10.416 HISTO (Self-elaborated, 2017)
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Figure 28. 
Classroom A 0.30 Center D. 10.416 LOG (Self-elaborated, 2017)

Figure 29. 
Classroom A 0.30 Center D. 10.416 SPEC (Self-elaborated, 2017)
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Figure 30. 
Classroom A 0.30 Left D 10.436 FREQ (Self-elaborated, 2017)

Figure 31. 
Classroom A 0.30 Left D 10.436 HISTO (Self-elaborated, 2017)
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Figure 32. 
Classroom A 0.30 Left D 10.436 LOG (Self-elaborated, 2017) 

Figure 33. 
Classroom A 0.30 Left D 10.436 SPEC (Self-elaborated, 2017)
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Figure 34. 
Classroom A 0.30 Right D 10.462 FREQ (Self-elaborated, 2017)

Figure 35. 
Classroom A 0.30 Right D 10.462 HISTO (Self-elaborated, 2017)
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Figure 36. 
Classroom A 0.30 Right D 10.462 LOG (Self-elaborated, 2017)

Figure 37. 
Classroom A 0.30 Right D 10.462 SPEC (Self-elaborated, 2017)
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Figure 38. 
Gymnasium Center D. 18.788 FREQ (Self-elaborated, 2017)

Figure 39. 
Gymnasium Center D. 18.788 HISTO (Self-elaborated, 2017)
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Figure 40. 
Gymnasium Center D. 18.788 LOG (Self-elaborated, 2017)

Figure 41. 
Gymnasium Center D. 18.788 SPEC (Self-elaborated, 2017)
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Figure 42. 
Gymnasium Left D. 19.324 FREQ (Self-elaborated, 2017)

Figure 43. 
Gymnasium Left D. 19.324 HISTO (Self-elaborated, 2017)
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Figure 44. 
Gymnasium Left D. 19.324 LOG (Self-elaborated, 2017)

Figure 45 
Gymnasium Left D. 19.324 SPEC (Self-elaborated, 2017)
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Figure 46. 
Gymnasium Right D 18.342 FREQ (Self-elaborated, 2017)

Figure 47. 
Gymnasium Right D 18.342 HISTO (Self-elaborated, 2017)
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Figure 48. 
Gymnasium Right D 18.342 LOG (Self-elaborated, 2017)

Figure 49. 
Gymnasium Right D 18.342 SPEC (Self-elaborated, 2017)
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Figure 50. 
Sound Calibrator SC-1 Specs 1 (iSEMcon, 2016) 
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Figure 51. 
Sound Calibrator SC-1 Specs 3 (iSEMcon, 2016) 
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Figure 52. 
Sound Calibrator SC-1 Specs 4 (iSEMcon, 2016) 
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Figure 53. 
BM 12-A Speaker  

Figure 54. 
BM 12-A Speaker Specifications (Dynaudio, No date)  

Figure 55. 
Audacity Waveform dB view. (Self-elaborated, 2017) 
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Figure 56. 
Diffuse field Measurements 
(iSEMcon, 2016) 

Figure 57. 
Free field Measurements  
(iSEMcon, 2016) 
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Figure 58. 
CVC test score Sanne (Self-elaborated, 2017) 

Figure 59. 
dB SPL  
(Technical Committee on Architectural Acoustics 
of the Acoustical Society of America, 2000) 
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Algemene Vragenlijst 
Heb je ooit meegedaan aan een gehoortest, CVC test, of een test gelijk aan deze?  
 
 
____________________________________________________________________________  
 

Heb je vaak harde muziek op? (volume in het oranje of rode gebied)  
Ja Af en toe Nee  

 
____________________________________________________________________________

Zijn er ooit gehoor problemen bij je vastgesteld, of heb je een gehoorapparaat?  
 
 
____________________________________________________________________________  
 

Ik heb moeite om me te concentreren op school en/of tijdens luistertoetsen?  
Ja Af en toe Nee  
 
____________________________________________________________________________  
 
 
Als je zenuwachtig bent voor een toets, denk je dat je hem dan beter maakt of juist slechter?  
 
 
____________________________________________________________________________

Ik heb soms het idee dat ik de leraar slecht versta tijdens de les.
Zeer oneens        oneens         neutraal                eens                  zeer mee eens 

____________________________________________________________________________
 

Heb je altijd in hetzelfde klaslokaal luistertoetsen?  
Ja Af en toe Nee  
 
____________________________________________________________________________
 
*In te vullen door docent*
Gemiddeld cijfer voor het vak Nederlands  
 
_________________________________

Figure 60. 
Questionnaire (Self-elaborated, 2017)

Figure 61. 
Bosch GLM 50C (Bosch, No date) 
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Figure 62. 
Bosch GLM 50C (Self-elaborated, (2017) 

Figure 63. 
Apple Laptop Specifications(Self-elaborated, 2017) 
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Figure 64. 
Wordlist CVC Classroom A 3.14 (Self-elaborated, 2017) 
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Figure 65. 
Answer sheet CVC Classroom A 3.14 (Self-elaborated, 2017) 
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Figure 66. 
Saffire PRO 40 Specifications 1 (Focusrite, No date) 

Figure 67. 
Saffire PRO 40 Specifications 2 (Focusrite, No date) 

Figure 68. 
Saffire PRO 40 Specifications 3 (Focusrite, No date) 
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Figure 69. 
Saffire PRO 40 Specifications 4 (Focusrite, No date) 

Figure 70. 
Saffire PRO 40 Specifications 5 (Focusrite, No date) 
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Table 1. 
BS EN 60268-16:2011 (ISO, 2011) 
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Table 2. 
Classroom A 3.14 Dimensions (Self-elaborated, 2017)
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Table 3. 
Classroom A 3.14 Sabine Calculation (Self-elaborated, 2017)
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Table 4. 
Classroom A 0.30 Dimensions (Self-elaborated, 2017) 
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Table 5. 
Classroom A 0.30 Sabine Calculation (Self-elaborated, 2017)



Paul Fitz Verploegh AMS-505282 Acoustics and Grades

�99

Table 6. 
Gymnasium Dimensions (Self-elaborated, 2017)
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Table 7.  
Gymnasium Sabine Calculation (Self-elaborated, 2017) 

Total RT60 in Seconds-1

Sabine Smaart v8 DAW

Classroom A 3.14 0.468 0.673 0.543

Classroom A 0.30 1.19 0.863 0.981

Gymnasium 2.29 2.578 1.93

Table 8.  
Total RT60 In Seconds (Self-elaborated, 2017)
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Table 9.  
STI Category label, Embedded acoustics (2014)

Table 10.  
Total hours spent on thesis. (Self-elaborated, 2017)
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Table 11. 
Test 1 Classroom A 3.14 CVC Score  (Self-elaborated, 2017)

Table 12. 
Test 2 Classroom A 0.30 CVC Score  (Self-elaborated, 2017)
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Table 13. 
Test  Gymnasium CVC Score  (Self-elaborated, 2017)

Table 14. 
Average grades year 2017 Dutch language class LBK 2A  (Self-elaborated, 2017)
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Table 15. 
Total correct answered words out of 200 (Self-elaborated, 2017)

Table 16. 
Additional questionnaire CVC test participants (Self-elaborated, 2017)
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Appendix C Additional Questionnaire 
Algemene Vragenlijst 
Heb je ooit meegedaan aan een gehoortest, CVC test, of een test gelijk aan deze?  
 
____________________________________________________________________________  
 

Heb je vaak harde muziek op? (volume in het oranje of rode gebied) 
Ja Af en toe Nee  

 
____________________________________________________________________________

Zijn er ooit gehoor problemen bij je vastgesteld, of heb je een gehoorapparaat?  
 
____________________________________________________________________________  
 

Ik heb moeite om me te concentreren op school en/of tijdens luistertoetsen?  
Ja Af en toe Nee  
 
____________________________________________________________________________  
 
 
Als je zenuwachtig bent voor een toets, denk je dat je hem dan beter maakt of juist slechter?  
 
_________________________________________________________________________

Ik heb soms het idee dat ik de leraar slecht versta tijdens de les.
Zeer oneens        oneens         neutraal                eens                  zeer mee eens 

____________________________________________________________________________
 

Heb je altijd in hetzelfde klaslokaal luistertoetsen?  
Ja Af en toe Nee  
 
____________________________________________________________________________
 
*In te vullen door docent*
Gemiddeld cijfer voor het vak Nederlands 
 
_________________________________
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Appendix D Confidentiality Agreement 

Geachte ouders / verzorgers van:______________________ 
 
Voor mijn afstudeeronderzoek aan het SAE te Amsterdam (Bachelor of Science) heb ik een 
experiment opgesteld naar de spraakverstaanbaarheid in klaslokalen.  
Mede vanwege de wet privacy heb ik uw akkoord nodig om dit onderzoek met minderjarige 
kinderen uit te mogen voeren. 
Als ex-leerling van Stad & Esch heb ik gekozen om mijn onderzoek hier te laten plaatsvinden 
met goedkeuring van de desbetreffende docent. 
Het betreft 3 luistertoetsen in 3 verschillende ruimten namelijk een klaslokaal, aula en 
gymzaal. 
Namen worden veranderd en de scholier is vrij om ten alle tijde te stoppen met de 
luistertoetsen. 
Voor verdere vragen kunt u altijd contact opnemen: 
✆  +316 3866 4546 
@   paulfitzwork@gmail.com 

Hierbij verklaar ik al het bovengenoemde naar waarheid te hebben ingevuld.  
 
 
 
________________________________________ 
 
 
Paul Michel Fitz Verploegh 

✂——————————————————————————————————————

Hierbij verklaar ik_____________________________Ouder / verzorger van ___________________________ 
akkoord te geven voor het anoniem verwerken van de naam en resultaten van de luistertoetsen. 

 

Handtekening _________________________________________________ 

 

Naam ouder / opvoeder_________________________________________ 
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Appendix E Questionnaire Teachers Stad & Esch 

Naam docent: ____________________________
 
Vak docent: ____________________________

Hoe lang bent u leerkracht?

____________________________________________________________________________

 
Met welk type voortgezet onderwijs heeft u gewerkt? (Praktijkonderwijs, VMBO, HAVO, VWO)
 
____________________________________________________________________________  
 
 
Heeft u in uw carrière te maken gehad met akoestische optimalisatie van klaslokalen of daar 
kennis van gekregen?  
Ja Af en toe Nee  
 
____________________________________________________________________________  
 

Hoe vaak moet u ongeveer zinnen herhalen omdat dat niet goed verstaan werd tijdens de les?  
Nooit = 0 keer      soms = 5 tot 10 keer      vaak = 5 tot 10 keer      heel vaak = boven de 15 keer 
 
____________________________________________________________________________

Heeft u de indruk dat in kleinere klaslokalen leerlingen u beter verstaan?
 
____________________________________________________________________________

Moet u vaak uw stem verheffen om duidelijk over te komen?  
 
____________________________________________________________________________
 
 
Heeft u de indruk dat een betere akoestiek de aandacht van leerlingen beter kan vasthouden?
 
____________________________________________________________________________  
 
 
Ik heb het idee dat beter articuleren de spraakverstaanbaarheid bevordert in plaats van harder 
te praten. 
Zeer oneens        oneens         neutraal                eens                  zeer mee eens 
 
____________________________________________________________________________
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Appendix F Acoustics and Grades Data CD-Rom 
Only available in hardcopy version. 
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