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Abstract 

 
Continuous Evaluation of Time Varying Speech Quality (CETVSQ) is a method of 
subjective assessment of transmitted speech quality for long speech sequences 
containing quality fluctuations in time. This method is modeled for continuous 
evaluation of long speech sequences based on two subjective tasks. First task is 
to assess the speech quality during the listening and second task is to assess the 
overall speech quality after listening to the speech sequences. The development 
of continuous evaluation of time varying speech quality was motivated by fact 
that speech quality degradations are often not constant and varies in time. In 
modern IP telephony and wireless networks, speech quality varies due to specific 
impairments such as packet loss, echo, handover in networks etc. Many other 
standard methods already exist, which are being used for subjective assessment 
of short speech sequences. These methods such as ITU-T Rec. P.800 are well 
suited for only time constant speech quality. 
 
In this thesis work, it was required to implement CETVSQ methodology, so that it 
could be possible to assess long speech sequences. An analog hardware slider 
is used for the continuous assessment of speech qualities, as well as for overall 
quality judgments. Instantaneous and overall quality judgments are being saved 
into Excel file. The results stored in the Excel file are analyzed by applying 
different statistical measures.  
 
In evaluation part of the thesis work, subjects’ scores are analyzed by applying 
statistical methods to identify several factors that have originated in the CETVSQ 
methodology. A subjective test had already been conducted according to P.800 
ACR method. The long speech sequences were divided into 8 seconds short 
sequences and then assessed using P.800 ACR method. In this study, the long 
speech sequences are assessed using CETVSQ methodology and comparison is 
conducted between P.800 ACR and CETVSQ results. It has been revealed that if 
long speech sequences are divided into short segments and evaluated using 
P.800 ACR, then P.800 ACR results will be different from the results obtained 
from CETVSQ methodology. The necessity of CETVSQ methodology is proved 
by this study.   
 
 
 
 
 
 
 
 
 
 
 



   

 Ericsson Confidential 
TECHNICAL REPORT 

 
4 (160) 

Prepared (also subject responsible if other) No. 

Hassani Syed Hassan Imam  
Approved Checked Date Rev Reference 

Valentin Kulyk  2009-03-09 PA1  
MEE09:62 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



   

 Ericsson Confidential 
TECHNICAL REPORT 

 
5 (160) 

Prepared (also subject responsible if other) No. 

Hassani Syed Hassan Imam  
Approved Checked Date Rev Reference 

Valentin Kulyk  2009-03-09 PA1  
MEE09:62 

 
Acknowledgement 
 
I am very thankful to my supervisor Valentin Kulyk for his great support and 
guidance towards the completion of this thesis work. His guidance, feedback and 
precious time for discussing problems and ideas made me able to produce 
required results. 
I would like to say thanks to the project manager Mats Folkesson and the 
manager Fredrik Jansson, who gave me the opportunity to work in a prestigious 
organization. I would also like to say thanks to all other members of audio 
technology group, Ericsson Research for providing a pleasant working 
environment.  
I am very grateful to my internal supervisor Magnus Nilsson at Blekinge Institute 
of Technology, his continuous support and guidance for report writing. 
  
In the end, I am very thankful to my family members, their support and constant 
encouragement for completing my master degree.  
    Hassan Hasani 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



   

 Ericsson Confidential 
TECHNICAL REPORT 

 
6 (160) 

Prepared (also subject responsible if other) No. 

Hassani Syed Hassan Imam  
Approved Checked Date Rev Reference 

Valentin Kulyk  2009-03-09 PA1  
MEE09:62 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



   

 Ericsson Confidential 
TECHNICAL REPORT 

 
7 (160) 

Prepared (also subject responsible if other) No. 

Hassani Syed Hassan Imam  
Approved Checked Date Rev Reference 

Valentin Kulyk  2009-03-09 PA1  
MEE09:62 

 
  Contents 
1     INTRODUCTION       13 

1.1  PROBLEM STATEMENT      13 
1.2  SCOPE OF THE THESIS WORK     13 
1.3  WHY WE USE SUBJECTIVE TESTING?     14 

2     BACKGROUND        17 
2.1 ORIGIN AND MOTIVATION OF P.880 RECOMMENDATION   17 
2.2  RELATIONSHIP BETWEEN INSTANTANEOUS AND OVERALL QUALITY JUDGMENTS  18 
    2.2.1 Experimental setup of the test       19 
    2.2.2 Experimental procedure       20 
    2.2.3 Conclusion        20 
2.3 INFLUENCE OF THE RECENCY EFFECT IN INSTANTANEOUS AND OVERALL SPEECH QUALITY      
ASSESSMENT       22 
   2.3.1 Recency effect        22 
   2.3.2 Experimental setup       22 
   2.3.3 Result        24 
   2.3.4 Conclusion        26 
2.4 ASSESSMENT OF VARYING SPEECH IN QUALITY: COMPARISON BETWEEN LISTENING SITUATION 
AND CONVERSATIONAL SITUATION     27 
   2.4.1Conversational-opinion test       27 
   2.4.2 Listening test         29 
   2.4.3 Comparison between listening and conversational situation     30 
   2.4.4 Conclusion        31 

3     IMPLEMENTATION OF P.880 METHODOLOGY     33 
3.1 DESIGN OF MOS TEST ENVIRONMENT (MOSTER)     34 
   3.1.1 Hardware used for P.880 methodology      34 
   3.1.2 Software used for P.880 methodology      35 
   3.1.3 MOSTER without P.880 methodology      37 
   3.1.4 MOSTER with P.880 methodology      38 
   3.1.5 Server’s GUI        40 
   3.1.6 MOS client’s GUI       41 

4     DATA ANALYSIS       45 
4.1 TEST PREPARATION      45 
   4.1.1 Speech sequences      45 
   4.1.2 Test Sessions        47 
   4.1.3 Test Subjects       47 
4.2 STATISTICAL ANALYSIS      48 
   4.2.1 MOS (Mean Opinion Scores) calculation     49 
   4.2.2 ANOVA calculation       50 
   4.2.3 Correlation calculation       51 
   4.2.4 Ranked and Unranked MOS       52 
   4.2.5 ANOVA calculation for overall MOS      52 

5     QUALITY PROFILES DESCRIPTION      53 
5.1 QUALITY PROFILE 1      53 
   5.1.1 General results       53 
   5.1.2 Screening subjects       54 
   5.1.3 ANOVA results       57 
   5.1.4 Correlation results       58 
   5.1.5 Overall MOS analysis       61 
5.2 QUALITY PROFILE 2        62 



   

 Ericsson Confidential 
TECHNICAL REPORT 

 
8 (160) 

Prepared (also subject responsible if other) No. 

Hassani Syed Hassan Imam  
Approved Checked Date Rev Reference 

Valentin Kulyk  2009-03-09 PA1  
MEE09:62 

   5.2.1 General results       62 
   5.2.2 Screening subjects       63 
   5.2.3 ANOVA results       66 
   5.2.4 Correlation results      67 
   5.2.5 Overall MOS analysis       69 
5.3 QUALITY PROFILE 3      70 
   5.3.1 General results      70 
   5.3.2 Screening subjects       71 
   5.3.3 ANOVA results       74 
   5.3.4 Correlation results      75 
   5.3.5 Overall MOS analysis        77 
5.4 QUALITY PROFILE 4      78 
   5.4.1 General results       78 
   5.4.2 Screening subjects       89 
   5.4.3 ANOVA results       82 
   5.4.4 Correlation results       83 
   5.4.5 Overall MOS analysis       86 
5.5 QUALITY PROFILE 5      86 
   5.5.1 General results       86 
   5.5.2 Screening subjects       88 
   5.5.3 ANOVA results       90 
   5.5.4 Correlation results       92 
   5.5.5 Overall MOS analysis       94 
5.6 QUALITY PROFILE 6       95 
   5.6.1 General results       95 
   5.6.2 Screening subjects       96 
   5.6.3 ANOVA results                             99 
   5.6.4 Correlation results                           100 
   5.6.5 Overall MOS analysis                           103 
5.7 QUALITY PROFILE 7                           104 
   5.7.1 General results                           104 
   5.7.2 Screening subjects                           105 
   5.7.3 ANOVA results                            108 
   5.7.4 Correlation results                           110 
   5.7.5 Overall MOS analysis                           112 
5.8 QUALITY PROFILE 8                          113 
   5.8.1 General results                           113 
   5.8.2 Screening subjects                           115 
   5.8.3 ANOVA results                           117 
   5.8.4 Correlation results                           118 
   5.8.5 Overall MOS analysis                           121 
5.9 QUALITY PROFILE 9                           121 
   5.9.1 General results                           121 
   5.9.2 Screening subjects                           123 
   5.9.3 ANOVA results                           126 
   5.9.4 Correlation results                          127 
   5.9.5 Overall MOS analysis                           129 
5.10 QUALITY PROFILE 10                           130 
   5.10.1 General results                           130 
   5.10.2 Screening subjects                           131 
   5.10.3 ANOVA results                           134 
   5.10.4 Correlation results                           136 



   

 Ericsson Confidential 
TECHNICAL REPORT 

 
9 (160) 

Prepared (also subject responsible if other) No. 

Hassani Syed Hassan Imam  
Approved Checked Date Rev Reference 

Valentin Kulyk  2009-03-09 PA1  
MEE09:62 

   5.10.5 Overall MOS analysis                          138 
6     RESULTS AND COMPARISON                           139 

6.1 COMPARISON BETWEEN P.880 AND P.800 ACR RESULTS                       139 
   6.1.1 Comparison between instantaneous MOS                         139 
   6.1.2 Comparison between overall MOS                         143 
6.2 COMPARISON OF P.880’S RESULT                        145 
   6.2.1 Comparison between P.880’s instantaneous and overall MOS                        145 
   6.2.2 Comparison between P.880’s overall MOS of both sessions                       148 
6.3 COMPARISON BETWEEN QUALITY PROFILES                       150 
   6.3.1 Comparison between quality profile 1 and quality profile 2                        150 
   6.3.2 Comparison between quality profile 3 and quality profile 4                        152 
   6.3.3 Comparison between quality profile 5 and quality profile 6                        152 
   6.3.4 Comparison between quality profile 7 and quality profile 8                        152 
   6.3.5 Comparison between quality profile 9 and quality profile 10                        154 
6.4 ANALYSIS OF DELAY IN SUBJECTS’ VOTING                       156 

7     CONCLUSIONS                            157 
8     FUTURE WORK                            159 
9     REFERENCE                            161 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



   

 Ericsson Confidential 
TECHNICAL REPORT 

 
10 (160) 

Prepared (also subject responsible if other) No. 

Hassani Syed Hassan Imam  
Approved Checked Date Rev Reference 

Valentin Kulyk  2009-03-09 PA1  
MEE09:62 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



   

 Ericsson Confidential 
TECHNICAL REPORT 

 
11 (160) 

Prepared (also subject responsible if other) No. 

Hassani Syed Hassan Imam  
Approved Checked Date Rev Reference 

Valentin Kulyk  2009-03-09 PA1  
MEE09:62 

 
Abbreviations 
 
AMR-NB        Adaptive Multi Rate Narrow Band 

API        Application Programming Interface 
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CETVSQ        Continuous Evaluation of Time Varying Speech Quality 
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SOA        Service Oriented Architecture  
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1 Introduction 

1.1 Problem Statement 

ITU-T Recommendation P.880 CETVSQ (Continuous Evaluation of Time Varying 
Speech Quality) defines a method for subjective assessment of transmitted 
speech quality of long speech sequences. These long speech sequences may 
contain some sort of noise, distortion or packet loss during the transmission. In 
this recommendation the long speech sequences are supposed to be rated 
continuously during play out in the test. When a speech sequence is played out 
and time for instantaneous quality judgments is finished, an overall quality 
judgment would be rated at the end of the speech sequence. 

Therefore, in addition to the measure of the overall perceived quality, test method 
provides a measure of the instantaneous perceived quality at any instant of a 
heard transmitted speech sequences [1]. 

Through this methodology it would be possible to analyze the effects of 
impairments in telephonic conversations. The impairments could be packet loss 
and handover in mobile network, etc. This subjective testing methodology can 
also be helpful towards the development and validation of the objective 
measurement tools. The objective measurement tools predict speech quality by 
detecting and analyzing different types of impairments present in the speech. The 
Continuous Evaluation of Time Varying Speech Quality method can provide 
instantaneous and overall judgment evaluation of the subjective quality for 
training or evaluation of an objective quality assessment algorithm. 

1.2 Scope of the Thesis Work 

First purpose of this project is to implement the functionality of CETVSQ 
methodology into an existing application.  

The existing application is already implementing different methods for audio, 
speech, video and audiovisual quality assessment. These implemented methods 
provide the functionality of assessment of different type of media and multimedia 
files containing audio, video or audio video. 
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To make the existing application enable to perform P.880 subjective test 
functionality, some hardware and software components should be used: A 
hardware slider should be used to rate the speech quality. The slider is 100mm 
long which together with Phidgets software library makes possible to record 
slider’s position from the range of 0 to 1000. The position of the slider 
corresponds to the speech quality perceived by a test subject. A Phidgets 
interface kit will also be used in this application that provides a bridge between 
hardware slider and test application. The Phidgets interface kit provides 
interfaces through which slider could be connected. The data (position of slider) 
will be collected by the test application. The Phidgets libraries provide many 
properties, event handlers and interfaces which could be implemented to achieve 
the required functionality from the Phidgets interface kit. MS Visual Studio should 
be used to write P.880 functionality. Windows Communication Foundation (WCF) 
is .Net framework which should be used for the communication between client 
and server applications. 

Secondly, it was the P.880 evaluation conducting subjective test and analyzing 
collected subjective results. The purpose of the analysis is to find out the 
statistical measure that can help to verify and describe the results from P.880 
test.  

A subjective test will be conducted in which subjects will participate to assess the 
quality of speech sequences. The results from this test will be compared to one 
old test results conducted according to P.800 ACR methodology. 

1.3 Why we use subjective testing? 

Modern telecommunication networks provide a wide range of array of voice 
services using different processing algorithms and transmission systems. 
Particularly, the rapid deployment of digital technologies has increased the need 
of evaluating the transmitted media characteristics of new transmission 
equipment. In many circumstances, it is necessary to determine the subjective 
effects of some new transport media processing algorithms. 

Subjective evaluation of telephone networks and speech codecs may be 
conducted using listening-only or conversational methods of subjective quality 
assessment. For practical reasons, listening-only tests are feasible method for 
subjective testing during development of speech codecs, when a real time 
implementation of the codec is not available. 



   

 Ericsson Confidential 
TECHNICAL REPORT 

 
15 (160) 

Prepared (also subject responsible if other) No. 

Hassani Syed Hassan Imam  
Approved Checked Date Rev Reference 

Valentin Kulyk  2009-03-09 PA1  
MEE09:62 

Subjective testing is basically an assessment of perceived quality of different 
media streams by the human beings. The purpose to conduct subjective testing 
is to get the benefits of human experiences in order to assess the quality of 
speech, audio, video and audiovisual streams. In subjective testing, human 
beings can use their real life experiences to examine the media quality after 
transmitting or compression. In P.880’s subjective listening test, the subjects are 
asked to listen to the speech sequences. During the play out they have to 
continuously rate the speech quality by moving a slider. Subjects are also 
required to assess the overall speech quality at the end of the sequences. The 
subjects rate the quality on predefined scales, which are usually described in 
ITU-T recommendations for each test method. 

Subjective perceptions of good or excellent media quality are the targets for all 
kind of media processing. Therefore, subjective quality assessment can be 
regarded as final evaluation of processing algorithms since they aimed to present 
signals for human beings. Objective quality assessment methods are not precise 
usually enough and some of them are develop using subjective test results i.e. 
trained on them. When ITU prepares a recommendation about what objective 
methods should be used for quality measurements a number of subjective tests 
are conducted evaluating competing objective methods. 

Furthermore in the background study, origin and motivation of the P.880 
methodology, similar work that has already been done such as ITU-T 
Recommended methods P.800, BT.500, P.862, P.835, P.910, P.911 will be 
elaborated. In design and implementation study, the requirements of P.880 
methodology, existing application functionalities, implementation of P.880, and 
hardware/software introduction required for P.880 will be discussed. 

In Data Analysis chapter, some statistical properties will be discussed which can 
be used for analyzing the subjective test results. Furthermore, subjective test 
preparation, quality profiles, comparison of different quality profiles, comparison 
of P.880 and P.800 ACR will also be discussed.  
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2 Background 

2.1 Origin and Motivation of P.880 Recommendation 

The development of the Continuous Evaluation of Time Varying Speech Quality 
(CETVSQ) method is motivated by the fact that the speech or voice quality of 
new networks varies, even during a single conversation, due to specific 
impairments like packet loss, handover in mobile network [1].  

During a communication, the speech quality can vary due to the special technical 
characteristics of the different networks such as mobile or IP networks. The 
communication on these networks can be impaired by different factors e.g. 
distortion due to packet loss or bit rate, side tone, echo, compression algorithm, 
etc which are very common. For the assessment of speech quality, ITU-T 
recommended subjective test methods are available but these methods such as 
P.800 use short speeches of ~8 seconds or ~16 seconds length. These methods 
are standardized and well suited for conditions when tested speech quality 
expected to be constant. If one wants to evaluate long speech sequence, he has 
to divide long speech sequences into short speech sequences of ~8 seconds or 
~16 seconds length. However, if one evaluates short speech sequences then 
they can not take into consideration any quality variations in time within tested 
speech sequence. The absence of such method which can be used to evaluate 
long speech sequences motivates P.880 recommendation.   

The overall quality judgment of long speech sequence can be different from the 
overall quality judgment of short speech sequence. The overall quality judgment 
of long speech sequence can be influenced by the speech quality at the end of 
the speech sequence. In long speech sequences, if the speech quality is bad at 
the beginning, subjects can forget it due to memory limitations. The bad speech 
quality in the beginning may not affect the overall quality judgment while the bad 
speech quality at the end of the speech sequences can affect the overall quality 
judgment considerably. So, it could be stated that the location of bad speech 
quality (degradation) in long speech sequences can affect the overall quality 
judgment, while it is easy for human to remember the speech quality of a short 
speech sequence. 

Therefore, to assess the impact of degradations on perceived quality and quality 
variations in time during a communication over IP or mobile networks requires 
longer speech sequences then those used in standard subjective methods 
(P.800, etc). Furthermore, with a method of continuous judgment, it would be 
possible to analyze the impact of transient degradations at any instant during the 
listening and on overall perceived quality at the end of the listening.  So P.880 
method was inspired by another method which is being used in video domain 
called Single Stimuli Continuous Quality Evaluation (SSCQE). 
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Before going into the implementation and evaluation of P.880 methodology, it 
would be interesting to investigate tests utilizing SSCQE method that have been 
used to evaluate varying speech quality. This is done in chapters 2.2, 2.3 and 
2.4. 

2.2 Relationship between instantaneous and overall quality judgments 

A test was conducted by France Telecom in July 1999. The purpose of the test 
was continuous assessment of speech quality containing quality variations in 
time and its relationship with overall subjective quality. 

In the test, IP telephonic speech sequences were assessed. The lengths of 
speech sequences were 190 seconds. The speech sequences were assessed 
continuously by the subjects according to (Single Stimuli Continuous Quality 
Evaluation (SSCQE) method recommended by ITU-R BT.500. Subjects also 
gave the overall speech quality judgment at the end of speech sequences 
according to ITU-T P.800. The quality assessments were done by using 5-item 
Absolute Category Rating (ACR) scale. So, for long speech sequences’ quality 
assessment, two different methods had been used. 

Results of relationship between instantaneous and overall subjective judgments 
are discussed here.  

New communication networks like internet and mobile telephony have brought 
other constraints that should be considered by the operators to provide quality to 
the subscribers. One of the important constraints is varying voice quality in time. 
As it is mentioned above that for assessing voice quality ITU-T P.800 method can 
be used but ITU-T P.800 subjective testing method uses short speech sequences 
of ~8 seconds or ~16 seconds duration. ITU-T P.800 method is well suited for 
constant speech quality network like PSTN. ITU-T P.800 method can not be used 
for varying quality that usually occurs in wireless and IP networks.  

In subjective listening test conducted by France Telecom, subjects were 
supposed to perform two tasks while listening to the speech sequences, 
instantaneous quality judgments and overall quality judgments. Instantaneous 
quality is the quality perceived by the subjects at any instant during the play out 
of the sequence whereas, overall quality is the single (scalar) judgment which 
subjects give after listening the whole speech sequence. After getting these two 
types of subjective judgments, it was analyzed whether instantaneous judgment 
can be used to predict overall quality.   
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“Previous work from AT&T has shown that overall quality might be predicted by a 
linear contribution of short (8 sec) sound-sequences MOS (Mean Opinion 
Scores) assessed independently. Although the model proposed by AT&T is 
useful, it does not take into consideration real instantaneous judgments and 
hypothesizes some integration of perceived quality over 8 s. Moreover, the model 
was derived from stimuli that did not contain real degradations representing those 
found in wireless or landline packet networks”. [2] 

The results showed that subjects’ responses were different for instantaneous 
degradation or improvements of the speech quality. Furthermore, a relationship 
between instantaneous and overall quality could established. 

2.2.1 Experimental setup of the test 

The speech sequences that were used for above listening test were obtained by 
transmitting them over IP telephony simulator. This packet loss simulator 
generated packet losses in speech sequences with the desired percentage. One 
8 seconds pair of sentence recorded in female voice and a 190s text recorded by 
another female speaker’s voice were transmitted through the system and 
recorded with these packet losses of 0, 2.5, 5, 7.5, 10, 12.5, 15, 17.5, 20, 25 and 
30 percent.  

 

   

Figure 2.1 Experimental setup [2] 

In a training test session, short sequences were played out to select relevant 
quality levels for long duration speech sequences. In training session, these 
eleven quality levels from 0 packet loss to 30 % packet loss were presented twice 
to 18 subjects in random order plus three training sequences. The subjects were 
asked to rate these 25 speech sequences (stimuli) on 5 item ACR scale (bad, 
poor, fair, good and excellent). Initial test results say that when packet loss 
percentage increases the perceived quality level decreases.  
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According to the initial test results it was decided to select five levels of the 
quality to generate long duration speech sequences, in which the speech quality 
could vary from 1 to 5 level of ACR scale. That’s why, five packet loss 
percentages were selected that would be rated with a MOS of 1 to 5. So, it was 
decided to select the five quality levels corresponding to packet loss of 0% (5 
MOS), 2.5% packet loss (4 MOS), packet loss 10% (3 MOS), packet loss 20% (2 
MOS) and packet loss 30% (1 MOS value). 10 quality profiles were created with 
packet losses mentioned above. 

2.2.2 Experiment procedure 

For a real test, 24 paid subjects were asked to rate the quality at any instant of 
the 10 sequences. 10 sequences were presented to them in random order in two 
sessions. The lengths of sessions were approximately 20 minutes. The rating 
was done by moving slider along a continuous scale labeled with a 5 items ACR 
scale. Subjects were also asked to rate the overall quality at the end of each 
sequence on the classic 5 item scale recommended by ITU-T P.800. In third 
session, subjects rated the instantaneous and overall qualities of the 5 original 
recordings of the 190 seconds duration’s text which were used to create 10 
quality profiles.  

2.2.3 Conclusion 

The tests purpose was to adapt SSCQE method, recommended by ITU-R 
BT.500 to assess the instantaneous perceived quality of IP telephony speech 
sequences. Subjective tests were conducted on short speech sequences of 8 
seconds duration and long 190 seconds’ duration sequences, in which subjects 
had to rate the overall quality for both short and long speech sequences and the 
instantaneous quality only for long speech sequences. 

Conclusion can be stated as: 

• Instantaneous subjective quality assessment with the help of ITU-R 
BT.500 recommended method (SSCQE) exposed high variations of 
perceived quality shorter than 8 seconds. Thus, standard methods which 
consider perceived quality as constant during 8 seconds are not sufficient 
for varying speech quality assessment. 

• A good agreement between the quality profiles presented to the subjects 
and subjects’ instantaneous scores is observed. 

• Mean matching error was calculated that is instantaneous MOS minus 
MOS of the instantaneous corrected profile. It is observed larger for high 
varying profiles than slow varying quality profiles. Also larger matching 
errors found for the best quality presented to subjects but no conclusion 
can be made.  
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• The larger mean matching error is found if sudden changes occur in the 
speech quality. Subjects over-rate low level of quality after a large sudden 
degradation and under-rate high level of quality after a large sudden 
improvement. 

• The reason of mean matching error is delay in reaction from the subjects 
when quality profiles were presented with large degradation or 
improvements in quality. It is also observed that subjects needed 20 to 30 
seconds to reach a high level after a large improvement of quality. 
Whereas 10 to 20 seconds are needed to reach a low level after large 
degradation. 

• A high correlation is found between overall MOS and instantaneous MOS.  

• When subjects were asked to give an overall judgment in quality, listeners 
also seem to take into account the criterion of variability of the quality of 
the sequence. It was found that for 2 speech sequences having the same 
time average of MOS, they were discriminated on such basis. The speech 
sequences which contained many fluctuations were rated very severely 
than the speech sequences which contained a few quality fluctuations. 

After this analysis many other perspectives are still uncovered and they are open 
to this work. One of these perspectives is to take into account large individual 
variations that were observed with time and quality dimensions. And the 
relationship of instantaneous and overall subjective qualities should be studied 
for large overall quality ranges. Additionally, the effects of position of 
improvements and degradation in specific time have to be investigated.  
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2.3 Influence of the recency effect in instantaneous and overall speech 
quality assessment 

A test was conducted by France Telecom in May 2000. The purpose was to 
study the influence of recency effect in speech sequences containing quality 
variations in time.  

2.3.1 Recency effect 

“A recency effect leading subjects to give more weight to the end of the 
sequences compared to the beginning when they formulate their overall opinion 
was hypothesized. Additionally, Hamberd and de Ridder [Hamberg and de 
Ridder, 1999] found a recency effect in video quality when using the same 
method. If existing in speech quality, such a recency effect has to be taken into 
account in objective models, as Hamberg and de Ridder did for video quality. 
This contribution shows that a clear recency effect exists in speech quality and 
has to be modeled in the future”. [3] 

Following is the information about test and quality profile preparation to identify 
recency effect. 

2.3.2 Experiment setup 

To analyze the recency effects in subjective testing 18 quality profiles were 
created through three experimental factors. Experimental factors are given 
below: 

Factor 1: In this factor, 2 levels of quality changes were introduced like 
degradations in sequences with good quality and improvements in sequence with 
bad quality. 

Factor 2: Quality changes (improvements or degradations) were introduced at 
different locations of the sequences; locations were beginning, middle and end of 
the sequence. 

Factor 3: The duration of the improvement or degradation was with three different 
levels. Quality changes are for 15 seconds, 30 seconds, and 60 seconds. 
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18 quality profiles were created with concatenation of 9.5 seconds excerpt of 190 
seconds recording containing 0% packet loss to 30% packet loss. In figure 2.2, 
different quality patterns are shown which were used in this test experiment. It 
was considered that only one quality changes had to be introduced in one 
speech sequence. The quality changes could be degradations from 0% packet 
loss to 30% packet loss in a good quality sequences shown as A, B and C 
pattern in figure 2.2. Secondly, Quality changes were introduced as 
improvements from 30% packet loss to 0% packet loss in bad quality sequences, 
as shown in D, E and F pattern in figure 2.2. These quality changes were located 
at the beginning of the sequences shown in A and D patterns, at the middle of 
the sequences shown in B and E pattern and at the end of the sequences shown 
in C and F patterns in figure 2.2. Duration of the quality changes was 13, 30 and 
60 seconds for each quality profiles. 

   

 

 

 

 

 

 

 

 

Figure 2.2: quality profiles with quality degradation and improvements [3] 

In the test, 24 subjects (12 female and 12 male) were asked to participate; all 
subjects were naïve (non experts) and aged from 18 to 35. These 24 subjects 
were randomly divided into 4 groups of 6 subjects. This test was consisted on 
three sessions, and duration of each session was approximately 25 minutes. In 
each session 6 quality profiles were presented to the subjects. Subjects had to 
rate the sequences continuously during the play out and globally at the end of the 
sequences and both rating were done by a same equipment. All quality profiles 
were presented in random order different order for each group. 
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2.3.3 Results 

The subjective judgments can be defined in different ways, like when sudden 
quality improvements were introduced than subjects took around 30 seconds to 
reach the MOS level that they would have to rate if the quality level had been 
presented alone. For sudden degradations, subjects took around 10 seconds to 
respond to the actual quality level.  It is also observed that quality profiles with 
less variations produced less mismatch between sequences and responses. And 
overall MOS are highly correlated with time averages of presented and perceived 
profiles.  

Analysis of degradation’s location and duration 

Figure 2.3 shows averaged overall score obtained from all sequences including 
the degradation duration of 15, 30 and 60 seconds at beginning, middle and at 
the end of the sequences. It is observed that if the duration of degradation is 
longer that resulting lower overall MOS. By considering all location, if the 
degradation time is from 15 seconds to 60 seconds, a significant fall of 0.65 MOS 
is observed. ANOVA (F (2, 48) = 30.793, p<0.000) has also revealed that 
duration’s effect is also very high. These results also support the fact that overall 
MOS can be predicted by instantaneous judgment average.  

It seems that if it would be a weighted average, subjects giving more weight to 
the last instants of the sequence that reflects a recency effect: if degradation is 
for 15 seconds and 60 seconds, than overall MOS falls when degradation moves 
from the beginning to the middle and then from the middle to the end of the 
sequence. Similarly for 30 seconds degradation, there was a recovery of overall 
score when degradation moved from the middle to the end of the sequence, but it 
is not significant. By considering all durations, and degradation’s moving from the 
beginning to the end of the sequence has shown significant fall of 0.41 MOS. 
This location’s effect is high and very significant it is also proved by ANOVA (F 
(2, 48) = 12.895, p<0.000), which indicates that the more recent the degradation, 
the more it influences the overall opinion on quality.  

It has also been observed that when degradation occurs from the beginning to 
the end with 15 seconds degradation the overall MOS fall is not significant and 
overall MOS stays at level 4. For 30 seconds degradation the overall MOS fall is 
significant only when degradation moves from beginning to the middle of the 
sequence. And for 60 seconds degradation, a recency effect has been observed. 
Thus, there is an interaction between duration and location of the degradation 
which is revealed by ANOVA (F (4, 96) = 2.882, p<0.0266). In the results, it could 
be stated that recency effect is observed but only when the degradation is for 30 
seconds of longer. 
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Figure 2.3: Effect of degradation’s location and duration on overall judgment [3] 

Analysis of improvement’s location and duration 

Figure 2.4 shows the average overall scores obtained from all speech sequences 
and the quality improvements duration is for 15, 30 and 60 seconds at beginning, 
middle and at the end of the sequences. The results say that if the quality 
improvement duration is longer, than overall scores are relatively higher. A 0.44 
MOS rise has been observed when improvement duration was extended from 15 
to 60 seconds, which is also revealed by ANOVA (F (2, 48) = 14.255, p<0.000). 

As a result, it appears that the quality improvements that occur at the end of the 
sequence causing higher overall scores from the subjects. By considering all 
duration levels, a significant rise in overall MOS of 1.09 is observed if the 
improvements occur from the beginning to the end of the sequence. This location 
significance effect is also approved by ANOVA (F (2, 48) = 12.333, p<0.000). 
But, for 15-sec improvement, overall score’s variations are not significant. For 30-
sec and 60-sec improvement, from the beginning to the end of the sequence 
exhibit a significant rise of the overall score. For quality improvement, there is 
also a global recency effect if improvements duration is longer than 30 seconds. 
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Figure 2.4: Effect of improvements’ location and duration on overall judgment [3] 

 

 

 

Table 1: MOS observed for each duration when improvement or degradation of 
speech quality is moved from beginning to the middle of the sequence (2nd 
column), from middle to the end (3rdcolumn) and from beginning to the end 
(4thcolumn) [3]. 

2.3.4 Conclusion 

Whatever the quality changes are e.g. improvements or degradations, quality 
changes that occur at the end of the sequence have more influence on the 
subjects overall opinions than those quality changes that occur at the beginning 
of the speech sequence. This effect reflects a recency effect which can be 
defined as a recall advantage for the most recently presented material and 
human memory can remember thing which occurs more recently.  

   

 

 MOS 
middle-beginning 

MOS 
end-middle 

MOS 
end-beginning 

15 sec 0,146 0,042 0,188 
30 sec 0,417 0,021 0,438 
60 sec 0,459 0,23 0,689 



   

 Ericsson Confidential 
TECHNICAL REPORT 

 
27 (160) 

Prepared (also subject responsible if other) No. 

Hassani Syed Hassan Imam  
Approved Checked Date Rev Reference 

Valentin Kulyk  2009-03-09 PA1  
MEE09:62 

2.4 Assessment of varying speech quality: Comparison between 
listening situation and conversational situation 

A test was conducted by France Telecom in December 2000. The test was for 
the assessment of varying speech quality and comparison between listening 
situation and conversational situation. 

“In this test, a varying speech quality in time is investigated in listening and 
conversational situations. Actually, previous experiments had been conducted in 
order to develop an assessment method for varying speech quality. A new 
experiment has been realized, combining two sets of tests: a conversation 
opinion quality perceived in the two contexts has been compared and it appears 
that the perceptive processes found previously are relevant in a conversation 
context”. [4] 

Depending on the results obtained with subjects in a listening situation, a 
listening situation is not equivalent to real situation of conversation. In order to 
evaluate the real perceived quality, it is advisable to place the subjects in a 
conversational context. Perceptive processes and therefore perceived quality 
may be different in a conversational context than in a listening one because of a 
different attention's share. Therefore, a conversation opinion test and than a 
listening test using speech materials recorded during the conversation was 
conducted. The description of both test are given below:  

2.4.1 Conversation-opinion test 

In conversation opinion test two subjects were seated in separate sound proof 
cabinets and they were asked to communicate through a system under 
evaluation. Some text was given to them such as ordering a pizza or making an 
appointment with a doctor, at the end of conversations, they had to assess the 
quality on five point category scale. 

  Experimental setup and results 

“Subjects communicated with an IP-telephony software (encoding G723.1 without 
VAD). The speech signal was degraded by means of the soft Netdisturb placed 
between the two terminals A and B”. [4] This soft Netdisturb is used to introduce 
degradation in a real communication between subjects according to pre defined 
and programmed scenarios called quality profiles. 
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The impairments which were introduced during the conversation, was packet 
losses at level of 0%, 10% and 30%, and second impairment was jitter, from 500 
to 800 ms according to an exponential law. The purpose of packet losses was to 
degrade the speaker’s voice where as jitter used to degrade interactivity between 
subjects. The conversations were recorded at sound card’s input and output to 
have voice from two sides, the local subject’s voice and distant subject’s voice. 
The experimental set for conversation is given in figure 2.5. 

                              
 

          

   Netdisturb

PC
 A

DAT

PC
 B

DAT

packet losses
jitter

 

                    

  Figure 2.5: Experimental setup for conversational test [4] 

For a conversational test, eighteen quality profiles were created by introducing 
packet loss and jitter according to experiment law. Twenty four subjects in which 
17 were females and 7 were male were asked to participate in conversational 
test. These 24 subjects were divided into 12 groups of two subjects. The whole 
test was divided into three sessions of 20 minutes duration for each session with 
6 conversations in each session.  

At the end of each conversation, the subjects had to rate the quality according to 
seven criterion on five point scale. The criterions were the global quality, the 
quality of speaker’s voice, the fidelity of speaker’s voice, the effort involved to 
understand the speaker, the perception of defaults such as cuts or interferences, 
the interactivity and effort involved to interrupt the speaker. The question 
appeared on a tactile screen. 

Through described experimental setup and criterions, results suggest that 
subjects can not distinguish among criterions whatever the level of degradation 
was introduced in conversation. If the overall quality is perceived as bad, all other 
criterions will be affected, even if only one aspect of quality is degraded (for 
example, the interactivity but not the quality of the interlocutor's voice, with jitter 
only). So this result questions the relevance of multi-criterion evaluation for this 
type of conversation tests. 
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In some profiles, percentage of packet losses and jitter has influenced the 
subjects’ opinion. Despite of this factor, a weak recency effect is also observed in 
the obtained results. According to the results, it seems that when quality is 
degraded from beginning to middle and then middle to the end of conversation, 
the mean opinion score tend to fall. More degradation located at the end of the 
conversation, resulting lower overall opinions from subjects.  

2.4.2 Listening Test 

In listening test, six quality profiles were selected among 18 quality profiles which 
were used in conversational test. In these quality profiles, only packet losses 
were introduced. For each quality profile, four conversations were retained 
among the eleven conversations recorded during the conversational test. 

For each of the twenty-four conversations retained (6 profiles x 4 conversations), 
there were two sequences (A and B) corresponding to the two stereophonic 
recordings realised during the conversational test, one for each terminal. And a 
third sequence (AB) was also created by mixing the two channels containing the 
transmitted voice, one in sequence A and other in sequence B. Thus, in total 
there were three sequences A, B and AB in 24 conversations and duration of 
each sequence was w minutes.  

Experiment and results 

Three tests were conducted for three sequences A, B and AB. The test names 
were Test A, Test B and Test AB. The procedure was the same like subjects 
were asked to continuously rate the quality during listening and after they were 
asked to give an overall opinion at the end of each sequence. A moving slider 
along with a 5 item scale was used for rating.   

Each test consisted in four 15-min sessions. In each session, six different 
sequences were presented to the subjects, and totally 24 sequences were 
presented to the group of subjects in random order. In this test, 45 naïve (non 
experts) listeners participate from age 18 to 50 in which, 25 listeners were 
females and 20 were male listeners.  

It was observed, sequences having same quality were rated in a similar way. The 
difference between sequences seems to be made on the basis of quality 
variations than on the basis of conversation. So the effect of quality profile seems 
to be stronger then the effect of communication, but communication for a same 
profile could be very different because of the verbal content and the time 
repartition of speech between speakers. In some quality profile a recency effect 
is also found: according to the results when degradation exists from beginning to 
the end of the sequence there is a significant fall in MOS with 0.9, 0.65 and 0.65 
MOS respectively for test A, B and AB. 
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2.4.3 Comparison between listening and conversational situation 

It was also observed that results are similar in both situations; the effect of factor 
situation was not significant. It is also confirmed by ANOVA (F (5, 810) = 58.027 
P<0, 0000). 
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Figure 2.6: Mean overall scores for profiles 1, 2, 7, 8, 9 and 15, in the two 
experimental situations (parameter) [4] 

However, recency effect seemed stronger in listening situation than in 
conversational situation. 
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Figure 2.7: Mean overall scores for degradation placed at the beginning, the 
middle and at the end of the sequence, in the two experimental situations 
(parameter) [4] 

2.4.4 Conclusion 

In listening situation, subjects were influenced by the factor quality profile, when 
they gave their overall judgments. Subjects considered an average of 
instantaneous qualities constituting the sequences, the "quantity of quality". So a 
strong quality profile effect is obvious here. Subjects overall judgments were also 
affected by the recency effect. If the degradations occurred at the end of the 
sequence, they rated the whole quality profile as bad quality profile.  

In the first experiment, some quality profiles were applied on only one sequence 
in which was same during all experiments. In listening experiment, the results of 
that sequence are different and it has varied during the experiment. 

Furthermore, no significant difference was found between quality perceived in 
listening and conversation test. Because of the subjects’ attention in both 
situations: in listening test subjects attention was only to listen and rate the 
quality whereas in conversation test the attention was partially used for act of 
communication. This could be a detriment of perception of quality and could 
cause of deteriorate the performance of the quality assessment.  

“Subjects seem to communicate and perceived quality in the same time without 
deteriorating any perceptive and cognitive processes involved in the two actions. 
Just memory processes seem to be a little impaired, they seem to less intervene 
in a conversational context since the recency effect is less important “. [4]  
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The purpose of this experiment was to investigate the relationship between two 
situations called listening and conversation. If perceived quality is same for both 
situation, as it is the case for IP telephony with only packet losses, so one can 
imagine to substitute conversation opinion test by listening test which are less 
expensive  in term of time and cost. It is important to know that what degree of 
realism is involved in conversation opinion test for measuring a real perceived 
quality.  
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3 Implementation of P.880 methodology 

Implementation of P.880 subjective testing methodology shall be capable to 
perform listening test according to ITU-T recommendation for Continuous 
Evaluation of Time Varying Speech Quality.  

This methodology is based on two tasks; instantaneous judgment and overall 
judgment. A hardware slider will be used to give both instantaneous and overall 
quality judgments for speech sequences. The first task of subjects is to listen to 
the speech sequences and give the instantaneous judgments. Instantaneous 
judgments are the slider positions recorded twice in a second during the play out 
of speech sequence. The next task is to rate the speech sequences at the end 
that is called overall quality judgment. This task should be done in five seconds 
given to the subjects. The slider position at the last second of five seconds voting 
period will be recorded as an overall quality judgment.  

In the existing application, an admin (Server) and maximum 8 clients (terminals) 
can communicate through WCF (Windows Communication Foundation).  

Speech sequences are played by the main application (server) through 
headphones for the test subjects. Several speech sequences can be played out 
in every test sessions. When speech sequences play out is started then subjects 
have to rate the speech quality by moving the slider according to their judgment 
of the perceived voice quality. For instantaneous quality judgments, slider 
position is recorded in every 500ms. After listening to the speech sequence they 
have to give an overall quality judgment in five seconds by placing the slider to 
the appropriate position. 

The scores of both instantaneous judgments (time point and scores) and overall 
judgment (scalar value) is transferred to the service whenever 5 seconds voting 
period is finished. When all speech sequences are played out and test is finished 
the collected scores from all terminals are saved into an Excel file. These scores, 
which are saved in Excel sheets, are evaluated later by applying different 
statistical analysis methods.  

It was required to embed P.880 method’s functionality into an existing application 
named as MOS Test Environment (MOSTER) that is developed and owned by 
Ericsson. This existing application is capable to perform different types of 
subjective tests according to ITU-T and ITU-R recommendations. In MOS Test 
Environment, methods like P.800, BT.500, P.835, P.910 and P.911 are already 
implemented.  These test methods have different functionalities defined in ITU 
recommendations, like P.800 method is used for subjective testing of constant 
speech quality. P.800 method uses short stimuli of from ~8 seconds to ~16 
seconds (for video) in subjective listening test. ITU-R‘s BT.500 method uses for 
assessing the video quality. 
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ITU-T P.835 Recommendation describes a methodology that is used for 
assessing the subjective quality of speech in noisy environment. In this 
methodology, the subjects listen to the same speech sequences for several times 
but judge different quality aspects every next time like speech, overall quality and 
background noise  (SOB) or speech, background noise and overall quality (SBO).  

“ITU-T Rec. P.910 describes non-interactive subjective assessment methods for 
evaluating the one-way overall video quality and ITU-T Rec. P.911 describes 
non-interactive subjective assessment methods for evaluating the one-way 
overall audiovisual quality for multimedia applications such as videoconferencing, 
storage, retrieval and telemedical application, etc. These methods can be used 
for several different purposes including, but not limited to, selection of algorithms, 
ranking of audiovisual system performance and evaluation of the quality level 
during an audiovisual connection“. [5] 

3.1 Design of MOS Test Environment (MOSTER) 

P.880 methodology is embedded in the existing application as mentioned above. 
The MOS Test Environment is consisting of Server and MOS Client modules that 
are written in C#. Windows Communication Foundation (WCF) is part of .Net 
framework that is used for communication between server and client modules. A 
service is implemented in MOS Test Environment which is named MOS Service. 
Some new methods are added and some existed methods are modified in the 
MOS service to achieve P.880’s functionality. A slider and Phidgets interface kit 
is also used for the implementation of P.880 methodology. 

3.1.1 Hardware used for P.880 methodology 

Some hardware devices were required to implement the P.880 methodology. The 
Phidgets interface kit as shown in Figure 3.1 is used. It provides 8 analog inputs, 
8 digital inputs and 8 digital outputs interfaces. The analog inputs can be used to 
measure the continuous quantities like temperature, position, etc. Digital inputs 
can be used to convey the state of push buttons, limit switches, etc. Digital 
outputs can be used to derive LEDs, transistors. A slider is used for analog input 
representing the position of the slider. An LED connects to one of its digital 
output.  

An event handler is used to get the slider position and to check whether right 
analog sensor is attached with the interface kit. Different functions make the 
application consistent in case if the interface kit is detached. Another function is 
used to turn on the LED, when client gets connected with the server and slider is 
ready to use. 
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Figure 3.1 Phidgets Interface Kit 8/8/8 [6] 

Slider shown in figure 3.2 is used to collect instantaneous and overall judgments 
from the subjects. Slider is an analog sensor that can be connected to one of 
Phidgets analog input interface. Its range is interpreted by Phidgets Interface 
from 0 to 1000 over the 60mm travel of the slider. But a slider with 100mm size is 
used for the implementation of P.880 into MOS Test Environment. 

 

Figure 3.2 Analog slider [7] 

3.1.2 Software used for P.880 methodology 

Software that is used for the implementation of P.880 methodology listed below: 

1. Microsoft Visual Studio 2005 

C#.Net is used to write the code to get the functionality of P.880 methodology. 
MS Visual Studio 2005 is used as an IDE. 

2. Microsoft Excel 2003 

Overall and instantaneous scores are saved in MS Excel. Excel provides the 
statistical analysis methods that are also used to analyze the collected data. 

3. Phidgets interface kit library 

To make Phidgets interface kit workable, Phidgets_2.1.5.20081023.msi API is 
required. This API provides many event handlers and methods which can be 
used as per the requirements. Some of the event handlers and methods are used 
to achieve P.880 methodology.   
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4. Windows Communication Foundation (WCF) 

WCF is a programming framework which is a part of .Net framework 3.0, and is 
used to build applications that communicate with each other. WCF is designed to 
fulfill the Service Oriented Architecture (SOA) to support distributed computing in 
which services can be consumed by multiple consumers. Clients (terminals) can 
consume multiple services and services can also be consumed by multiple 
clients. In SOA, the client that consumes the service does not need to know how 
the service has been implemented. WCF is unification of several other 
communication APIs like web service, COM+, .Net Remoting and Microsoft 
Messaging Queue (MSMQ). Main components of WCF and generic ideas are 
discussed below: 

WCF Service  

WCF service is a combination of three parts, a service class that implements the 
service that will be provided to the clients, a hosting environment that will host the 
service and endpoints to which clients will connect and use the services.  

Endpoints 

A WCF client communicates with WCF server through endpoints. Every service 
must expose its endpoints that could be one or more, through these endpoints 
service can be available for the clients. Each endpoint may expose a set of 
methods. Each endpoint consists of contract (what), address (where) and binding 
(how): and contract can be defined as agreement between two or more parties 
(Admin and Clients). It also describes what method (service), its parameters and 
return values are available for clients. Address defines that where services are 
located and binding determines how the services can be accessed. For example, 
a service is exposed that can be accessed using SOAP over HTTP or BINARY 
over TCP, so for each of these communications medium two separate bindings 
will be required. 

Service Hosting 

The services for clients can be available at run time by hosting them. Service 
host is a part of service model, which is responsible for creating a communication 
channel between the parties.  Any service comes into existence only when the 
object of Service Host class is created and service could be closed by calling 
close method of the Service Host class. 
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3.1.3 MOSTER without P.880 methodology 

Design of MOS Test Environment without the implementation of P.880 
methodology is shown in the following Figure 3.3. A MOS client, server and some 
commonly used methods are shown in the following figure. A MOS service is 
implemented on server which implements several methods. These methods are 
exposed to the MOS clients through end points. To use the methods, a MOS 
client has to connect to the MOS service by using proxy object. Proxy object is 
connected to the specified endpoint of the MOS service. MOS client uses voting 
terminal which is touch screen computer. Voting terminal can be used by test 
subjects to give overall quality judgments.  

A MOS client can participate in the communication by calling Join method. When 
MOS client is connected, a message “Listen” is sent from the server to MOS 
client. The message indicates that subject must listen to the speech sequence. 
When speech sequence is finished, another message “Vote” is sent to the MOS 
client, which tells the subject to give the vote for speech sequence. 5 seconds 
are given to the subjects for giving the vote.  

 

Figure 3.3 MOSTER without implementation of P.880 methodology 
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When voting time is finished, a message “Voting Time Ended” is sent to the MOS 
client, which indicates that voting time is finished. When voting time is finished, 
another method “Send Score” is called by MOS client. This method sends the 
subject’s score from MOS client to the server.  

The “Collect Score” method is called by MOS service, which is responsible for 
collecting the score which is sent from MOS client by using “Send Score” 
method. 

At the end of test run “Collect Score” method is called by MOS service. The 
“Save Score” method creates an Excel file and saves the collected score, speech 
sequence’s name, play order and MOS client’s name in it. 

3.1.4 MOSTER with P.880 methodology 

Design of MOS Test Environment with the implementation of P.880 methodology 
is shown in the following Figure 3.4. Some new methods are added (shown in red 
boxes) and some existed methods are modified (shown in green boxes) in MOS 
client. MOS client’s features are also modified which are also listed with red text 
in the following figure. It can be seen that a slider is attached to MOS client for 
voting. 

In MOS client module, a new method is added which connects and handles the 
slider with MOS client.  When a speech sequence is started, a method records 
the slider position every 500 milliseconds during the play out. When MOS client 
connects to server, a GUI appears on MOS client’s screen. This GUI is also 
modified for P.880 methodology, which now contains a 5 point scale with 
“Excellent”, “Good”, “Fair”, “Poor”, and “Bad”.  
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Figure 3.4 MOSTER with implementation of P.880 methodology 

 

Whenever a speech sequence starts, a newly added message “Instantaneous 
Voting Started” is sent from the server to MOS client. The purpose of this 
message is to indicate for the subject that time for instantaneous voting is 
started. During the instantaneous voting time, the subject is supposed to move 
the slider according to the perceived speech quality variations. When speech 
sequence finishes, a message “Overall Voting Started” is send to the MOS client. 
This message indicates for the subject that voting time for overall quality 
judgment is started. In 5 seconds, the subject can give the overall quality 
judgment by using the same slider.  
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After sending the overall score, MOS client invokes “Send Instant Scores” 
method to send the instantaneous scores. Another method “Wait For Scores” is 
called after “Send Instant Scores” method. “Wait For Scores” method is called by 
MOS service. The purpose of this method is to check whether all instantaneous 
scores are transferred from MOS client to the server. If the instantaneous scores 
are not completely transferred then “Wait For Scores” method insists the 
application to wait for maximum 3 seconds. If scores are still not completely 
transferred in 3 seconds than this method reports a time out message.   

“Collect Scores” method is modified for P.880 methodology. “Collect Scores” 
method is invoked by MOS service. This method is responsible for collecting the 
overall score as well as instantaneous scores. 

When test is finished, “Save Scores” method is called by MOS service. “Save 
Scores” method is also modified for P.880 methodology. The existing “Save 
Scores” method was creating an Excel file and saving overall scores in the file. 
After modification, “Save Scores” method creates separate Excel sheets for each 
speech sequence. The “Save Scores” method also sorts the Excel sheets in 
ascending order. 

The hierarchy of the methods’ call is repeated whenever a new speech sequence 
starts except “Join”, “Save Scores” and “Leave” methods. The “Join” method can 
be invoked by the MOS client to be connected with the server while “Leave” 
method can be invoked by server to abort the connection. “Save Scores” is called 
only when the test is finished. 

3.1.5 Server’s GUI 

The server application is consisting of many features, which can be used by test 
administrator. To run the test, administrator select the configuration file in which 
details for test are written such as, test type, speech sequences, speech 
sequences’ play order, etc. After selecting the configuration file, administrator 
makes MOS clients to connect by clicking on “Connect terminals” button. When 
MOS clients are connected to the server, names of subjects placed at the MOS 
terminals can be set through “Place subjects” button. The subjects’ names 
appear on the MOS terminals’ screens. 

The status of connected MOS clients appears on the server’s GUI. Server’s GUI 
consists of a list view, which has 9 columns; first column shows the number of 
the speech sequences that are played. 

In MOS Test Environment, maximum 8 MOS client can be connected to the 
server at a time. The other 8 columns of list view represent the connected MOS 
clients which participate in the test. Server can play the speech sequences by 
clicking on the “Start test” button. Then the subjects sitting at the MOS clients can 
listen to the speech sequences and can give their instantaneous and overall 
quality judgments.  
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Other features in which pause, exit server application, close terminals (MOS 
clients), end test and reload configuration file are included in server’s application. 
The running snippet of the server’s GUI is shown in the following Figure 3.5. 

                                       

 

                  Figure 3.5 Running server’s GUI snippet 

3.1.6 MOS Client’s GUI 

When MOS client starts up, it checks whether libraries for Phidgets interface kit 
are installed. If MOS client finds it as not installed then a message box is 
prompted with a message that libraries are not installed. 

When a connection is successfully established between MOS client and the 
server a GUI appears on the MOS client’s screen. This GUI contains some 
information such as methodology name (P.880), MOS client’s and subject’s 
names and a slider with 5 labels also appears as shown in Figure 3.6.  
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         Figure 3.6 Running MOS client’s snippet  

The slider shown on the screen is reflecting the position of the hardware slider. 
That means when subject moves the hardware slider the position of the slider on 
the screen also changes accordingly. 

The slider remains disabled until speech sequences are played out by the server. 
Once the speech sequences are played out, slider gets enabled and subjects 
have to use hardware slider to give quality judgments.  

If the speech sequences are started and subject does not move the slider for his 
instantaneous quality judgments, then default values will be recorded after every 
500 milliseconds. The default values are set to “-99”, that means slider was not 
moved by the subject. Once slider is moved, the actual slider’s position will be 
recorded until the speech sequence is finished.  
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When the speech sequence is finished and instantaneous voting time is ended, 
period for overall quality judgment starts. 5 seconds are given to the subjects for 
their overall quality judgment. A progress bar appears on the bottom of the 
screen as shown in Figure 3.6. Progress bar decreases after every second. The 
progress bar intimates the subject to give overall quality judgment by moving the 
slider. If subject does not move the sliders, then default value “-99” is recorded.  

Excel sheet showing overall MOS 

Following Figure 3.7 is showing overall scores in Excel sheet which are collected 
from the MOS clients. 

   

Figure 3.7 Excel sheet containing overall scores 

The above figure shows the overall scores collected from MOS client, and 
speech sequences’ information. In the first column, the speech sequence 
numbers are shown. In column B, names of the speech sequences and path of 
the speech sequences are shown. Column C and Column D are showing the 
name of connected MOS clients and their overall scores for speech sequences. 
In column D, “-99” are stored as overall scores for the speech sequence. The 
default scores represent that subject “RoomA, nr2: b” did not give his overall 
quality judgment for speech sequences. 
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Excel sheet showing instantaneous MOS 

Following Figure 3.8 is showing the instantaneous scores stored in Excel sheets 
which are collected from the two MOS clients. The first row of the excel sheet is 
containing the speech sequence name and its path. In the second row the name 
of the MOS clients are stored. Third row is consisting of instantaneous scores 
and time points in seconds. 

                                           

  Figure 3.8 Excel sheet containing instantaneous score and time points 

In the bottom of the Figure 3.8, three sheets with different names can be seen. 
The sheet names are set by “Save Scores” method of the MOS service. The 
sheet name consist the name of the speech sequence and the time when 
instantaneous scores are collected. The numbers of speech sequences are used 
to sort the sheets in ascending order.                      
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4 Data Analysis 

4.1 Test Preparation 

Detailed description of the subjective test is elaborated in the following sections.  

4.1.1 Speech sequences 

The test speech sequences were prepared some time ago when subjective test 
was conducted according to P.800 ACR method. One side conversations were 
split into 8 sec segments which were run through the radio channel simulator. 11 
quality profiles were created using combinations of the simulated 8 sec 
segments. All used test conditions were created for a call quality study 
“Estimation of ‘quality per call’ in modeled telephone conversation.”  

The speech sequences were run through Adaptive Multi-Rage (AMR) narrow 
band codec which uses codec mode 12.2 kbps. AMR is an audio compression 
scheme optimized for speech coding. AMR was adopted as a standard speech 
codec by 3GPP in October 1998 and is now widely used in GSM and UMTS. It 
uses link adaptation to select from one of eight different bit rates based on radio 
link conditions.  

In the subjective test that was conducted according to ITU-T Rec. P.880, the 
same speech sequences were used.  

A training quality profile was prepared for the training session of the test. In 
training quality profile, three telephonic speech sequences were played out with a 
short pause among them. Two speech sequences were in female voice and one 
was in male voice. The length of each speech sequence was 48 sec. So, the total 
length of training quality profile was 144 seconds. 

It has also been noticed that male’s voice tends to be rated high than female’s 
voice. Therefore, it was also expected that the difference between male and 
female’s voice will be observed in P.880 test results. All speech sequences were 
one sided which means that utterances of one talker from conversation were 
presented. 

Ten test quality profiles were prepared using simulated 8 sec segments of 
speech sequences. Two telephonic speech sequences were used to prepare 10 
quality profiles. Some quality profiles were prepared with constant quality at 
different levels, some of them were prepared with improvement or degradation in 
the speech sequences, and some quality profiles were prepared by introducing 
improvement or degradation in beginning, middle and in the end of speech 
sequences.  The durations of the improved and degraded parts were 8, 16 and 
32 seconds. 
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Therefore the test speech sequences are compositions of 12 segments with 8 
seconds duration with the total length is 96 seconds. During the 8 seconds 
segment the speech quality remains constant. Another quality levels could be 
deployed in other consequent segments. All quality profiles are shown in the 
following figures. The black vertical cells with label “MOS”, represent five quality 
levels. The horizontal black cells with label “8 seconds segments” represent the 
number of speech segment. Light gray cells represent quality levels of the 
speech segment of 8 seconds duration.   

 
     Quality profile1          Quality profile2      
 5                     1 1   5 1 1                     
 4                 1 1       4     1 1                 
MOS 3         1 1 1 1          MOS 3         1 1 1 1         
 2     1 1                   2                 1 1     
 1 1 1                       1                     1 1 
   1 2 3 4 5 6 7 8 9 10 11 12     1 2 3 4 5 6 7 8 9 10 11 12 
    8 second segments          8 second segments     

 
    Quality profile3           Quality profile4      
 5 1 1 1 1 1 1 1 1 1 1 1 1   5                         
 4                           4                         
MOS 3                          MOS 3 1 1 1 1 1 1 1 1 1 1 1 1 
 2                           2                         
 1                           1                         
   1 2 3 4 5 6 7 8 9 10 11 12     1 2 3 4 5 6 7 8 9 10 11 12 
    8 second segments          8 second segments     

 
    Quality profile5            Quality profile6     
 5                           5 1 1 1 1         1 1 1 1 
 4 1 1 1   1 1 1 1   1 1 1   4                         
MOS 3                          MOS 3         1 1 1 1         
 2                           2                         
 1       1         1         1                         
   1 2 3 4 5 6 7 8 9 10 11 12     1 2 3 4 5 6 7 8 9 10 11 12 
    8 second segments          8 second segments     

 
    Quality profile7           Quality profile8      
 5   1 1 1 1 1 1 1 1 1 1 1   5 1 1 1 1 1 1 1 1 1 1 1   
 4                           4                         
MOS 3                          MOS 3                         
 2                           2                         
 1 1                         1                       1 
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   1 2 3 4 5 6 7 8 9 10 11 12     1 2 3 4 5 6 7 8 9 10 11 12 
    8 second segments          8 second segments     

 
    Quality profile9           Quality profile10      
 5   1 1 1 1 1 1 1 1 1 1 1   5 1 1 1 1 1 1 1 1 1 1 1   
 4                           4                         
MOS 3 1                        MOS 3                       1 
 2                           2                         
 1                           1                         
   1 2 3 4 5 6 7 8 9 10 11 12     1 2 3 4 5 6 7 8 9 10 11 12 
    8 second segments          8 second segments     

  

4.1.2 Test sessions 

The test consisted of three sessions, one training session and two test sessions. 
The duration of training session was approximately 149 seconds (144 sec 
speech sequence and 5 sec overall quality voting period). The purpose of the 
training session was to familiarize the subjects with speech quality levels and 
voting procedure. If something would happen strange or would be unclear to the 
subjects they were supposed to ask about clarification after the training session.  

After a training session, the two test sessions were carried out. In first session, 
ten quality profiles were presented to the subjects in a specific play order. In 
second session, the same quality profiles were presented in different play order. 
There was 5 minutes pause between two test sessions and the length of each 
session was approximately 16 minutes.  Some times subjects rate the same 
quality profile differently in different sessions. One would expect that subjects’ 
scores in second session would be higher than in first sessions, which would 
mean that subjects learned from first session.  

As it is mentioned above the quality profiles were played out with different orders 
in two sessions. The reason was to identify whether play out orders will affect 
quality perception and assessment and produce different results for two test 
sessions e.g. the quality profiles which were played out after bad quality profiles, 
their scores could be expected to be rated with higher MOS values. 

4.1.3 Test subjects 

Totally 16 (15 male and 1 female) subjects participated in this test. All subjects 
were from Ericsson Research. 13 subjects were experts working at Ericsson and 
three subjects were master thesis students.  
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The test subjects were supposed to perform two tasks for each played test 
condition: “continuous quality assessment during the play by moving the voting 
slider along the continuous scale according to perceived voice quality. The 
subjective scores were recorded every 500ms. The subjects could position the 
voting slider anywhere on the scale and see their votes on slider depicted on the 
screen of MOS terminal and connected to the voting slider. Five labels were 
shown along the depicted slider on the MOS terminal screen, i.e. ‘Bad’, ‘Poor’, 
‘Fair’, ‘Good’ and ‘Excellent’ to help the subjects associate the slider position with 
suitable ranges of speech quality”. [1]  

“Secondly, at the end of each sequence, subjects were asked to rate its overall 
quality on the following 5-category listening quality scale”. [1] 

Quality of the speech Associate score 

Excellent  5 

Good  4 

Fair  3 

Poor  2 

Bad  1 

4.2 Statistical analysis  

The statistical analysis applied on the collected scores from the subjects will be 
discussed here. The properties used for analyzing the data are ANOVA (Analysis 
of Variance), Pearson correlations coefficient, mean, standard deviation and 95% 
confidence interval. These statistical properties help to answer the questions like, 
whether the collected data from subjects belong to the similar distribution, 
describe relations between mean opinion scores, and make easier comparison of 
subjective and objective e.g. PESQ (Perceptual Evaluation of Speech Quality) 
results, etc.  

PESQ was particularly developed to model subjective tests commonly used in 
telecommunication (e.g. ITU-T Rec. P.800) to assess voice quality by human 
beings. Consequently, PESQ employs true voice samples as test signals.  

The statistical analysis is done in several steps which are listed below: 

Step1: MOS calculation 

Step 2: ANOVA 

Step 2.1: ANOVA on instantaneous scores 
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Step 2.2: Subjects’ separation into small groups according to ANOVA 

Step 2.3: ANOVA on instantaneous MOS of both sessions 

Step 2.4: Subjects’ screening process  

Step 2.5: ANOVA on instantaneous MOS of both session after screening the 
subjects 

Step 3: Correlation Analysis 

Step 3.1: Pearson’s correlation coefficient calculation 

Step 3.2: 8 second instantaneous MOS average calculation 

Step 4: Ranking the instantaneous MOS in descending order 

Step 5: ANOVA on overall MOS 

 Each step is elaborated in the following sections: 

4.2.1 MOS (mean opinion scores) calculation 

As it is mentioned above that every quality profile’s length was 96 seconds. A 
score was recorded twice a second during the play out. A score is slider’s 
position and slider range was set from 0 to 100. So, 192 scores of each subject 
were collected for every quality profile. 

The instantaneous scores were converted into values from 1 to 5 by using a 
formula recommended by ITU-T Rec. P.880.  

S (t) = 1 + 4 (Slider position / maximum slider position) where S (t) is the 
instantaneous score. 

For each speech sequence, an instantaneous MOS is obtained by averaging 
individual instantaneous judgments over the subjects, at each instant (i.e. every 
500 ms). So, total 192 instantaneous MOS values were obtained for each quality 
profile. For each speech sequence, an overall MOS value is also obtained by 
averaging individual overall scores over the subjects. 

Standard deviation and 95% confidence interval were also calculated for each 
instantaneous MOS value. It was decided to calculate 95% confidence interval 
since it is commonly used by researchers.  
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4.2.2 ANOVA calculations 

Analysis of Variance (ANOVA) is used to test hypothesis about differences 
between two or more means. It is similar to the t-test which is based on the 
standard error of the difference between means and can only be used to test 
difference between two means. When there are more than two means, it is 
possible to compare each with each other mean using t-tests. However, 
conducting multiple t-tests can lead situation when a true null hypothesis can be 
incorrectly rejected. ANOVA can be used to test differences among several 
means for significance without increasing the type I error rate.  

In analysis of variance, a factor is an independent variable. A research study that 
involves only one independent variable called single factor design. In this study, 
single factor ANOVA is used for analysis of P.880 results. Quality profiles were 
taken as factor of ANOVA. 

ANOVA on instantaneous scores 

ANOVA with 95% confidence interval was conducted on instantaneous scores 
per session for each quality profile. The purpose was to identify that whether 
subjects’ instantaneous scores belong to a same data set. 

Subjects’ separation into small groups according to ANOVA 

After above calculations, the ANOVA was run to detect whether some subjects 
can be grouped according to any of the following factors like gender, level of 
expertise (e.g. audio or video experts), sessions when test was performed (e.g. 
before or after lunch). 

It was also noticed that, the subjects were not always the same in groups of both 
sessions. The number of subjects could also vary. In all quality profiles, a number 
of different subjects were detected who did not belong to any group. 

ANOVA on instantaneous MOS of both sessions 

For each quality profile, ANOVA was run on the instantaneous MOS of both 
sessions. The purpose was to identify whether instantaneous MOS of both 
sessions belong to a data set.   

Subjects’ screening process 

In this phase, a screening procedure was applied to the subjects’ results to be 
able to discard the subjects who voted very differently from the whole group of 
subjects. Therefore, we adopted ITU-T recommended way which  says that the 
scores from some subjects can be discarded if those subjects’ scores show high 
variations and appear from more than ~10% of the time out of the double subject 
standard deviation.  
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To find out the subjects who had shown high variations in their scores, double 
standard deviation at each instant was calculated per session. For each quality 
profile, Subjects’ scores were drawn into the graph of both sessions. 
Instantaneous MOS values with double standard deviation (2 * standard 
deviation) were also drawn on the same graph. 

ANOVA on instantaneous MOS after screening the subjects 

After discarding the subjects, instantaneous MOS values were again calculated 
per session for all quality profiles. For each quality profile, ANOVA was 
conducted on the instantaneous MOS of both sessions. The purpose was to 
check whether instantaneous MOS of both sessions belong to a same data set. 

4.2.3 Correlation calculation  

8 second’s instantaneous MOS average calculation 

In this part of analysis, averages of ~8 second’s instantaneous MOS were 
calculated for all quality profiles. The length of quality profiles were ~96 seconds. 
So, after calculating average of ~8 seconds’ instantaneous MOS, 12 averages of 
~8 seconds’ instantaneous MOS values were collected for each quality profile. 
Standard deviation and 95% confidence interval were also calculated. 

The reason to calculate ~8 seconds’ instantaneous MOS average was to make 
P.880 results comparable with results obtained from P.800 ACR which was done 
using speech sequences of ~8seconds duration.   

Pearson’s correlation coefficient calculation 

Pearson’s correlation coefficient was calculated between P.880 and P.800 ACR, 
between P.880 and symbolic scores and between P.800 ACR and symbolic 
scores. 

Pearson’s correlation was used to find out the nature and the strength of 
relationship between P.880, P.800 ACR and symbolic scores. The symbolic 
quality profile represents the expected speech quality to be perceived by the 
subjects. High correlation represents that P.880, P.800 ACR and symbolic scores 
are correlated with each other. If correlation is negative then results are 
correlated but in opposite direction e.g. one feature increases when other 
decreases. It can also be an indication about relations between two features. The 
low correlation e.g. below 0.7 (or it could be 0.9 which depends on the study 
task) would mean that features do no correlated and can be considered to be 
different. 
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4.2.4 Ranked and Unranked MOS 

For each quality profile, averages of 8 second’s instantaneous MOS were ranked 
in descending order. P.800 ACR’s instantaneous MOS were also ranked in 
descending order. The ranked instantaneous MOS values of P.880 and P.800 
were drawn on the graph to analyze differences in both methods.  

4.2.5 ANOVA calculation for overall MOS 

Another ANOVA was conducted on the overall MOS of both sessions of all 
quality profiles. The purpose was to check whether overall MOS of both sessions 
belong to same data set. 

The statistical properties were applied on the scores of every quality profile and 
will be discussed under respective chapter considering quality profile’s results. 
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5 Quality profiles description 

Following presented in this chapter each quality profile description, P.880 and 
P.800 ACR results comparison, statistical properties analysis such as 
Correlation, Analysis of Variance, standard deviation and confidence interval. 

5.1 Quality profile 1 

5.1.1 General results 

The speech sequence represented one female talker extracted from full 
telephony conversation. It was build of 8 sec speech segments run through radio 
channel simulator to create increasing speech quality conditions through entire 
speech sequence representing the phone call. Different quality levels 
corresponded to a radio transport channel conditions with different interference 
distortion. Expected speech qualities are denoted (see Figure 5.1 below) as MOS 
levels from 1 to 5 (from Bad to Excellent quality).  

Figure 5.1 shows two curves. Solid curve represents the instantaneous MOS 
values calculated for every time point when subjects’ scores were collected. 
Thick dotted curve represents the expected speech quality level to be perceived 
by subjects. This curve can be considered as symbolic description of the quality 
profile, which shows that the speech quality was bad at the starting and was 
continuously increased time by time up to level 5.  

It can also be seen that speech quality was expected to be at level 1 (Bad) during 
first 16 sec and increased for the next 16 sec (from 16 sec to 32 sec time points) 
to MOS level 2. After that it increased more to MOS level 3 for the next 32 sec 
with following quality improvements during the next two 16 sec periods up to level 
5. 
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Quality profile 1: P.880 and Symbolic MOS
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Figure 5.1 Curves showing expected and calculated instantaneous MOS 

It can be seen that instantaneous MOS values reflected speech quality conditions 
behaviors i.e. increasing speech quality even if the highest expected quality 
condition was rated with MOS lower than 5. This was expected since AMR NB 
codec can not produce listening speech quality level MOS = 5. The 95% 
confidence interval can be seen as vertical lines around thick MOS curve. 

The solid curve representing test results started from level 3 and getting down to 
level 1. It started at level 3 since subjects were instructed to move voting slider at 
the beginning of voting procedure.  

It is recommended in P.880 methodology to place the slider in the middle of the 
scale whenever a speech sequence starts. So, subjects instantaneous MOS 
show that when quality profile was played out the slider position was set to the 
middle of the scale and they moved the slider to the quality level when it was 
perceived.  

So, first 8 second’s segment does not show the real responses to the quality 
level changes. It is apparently time period when subjects were trying to set the 
slider position to MOS = 3 and build opinion about speech quality during the first 
8 sec. Therefore, the first 8 second’s period should be ignored as stabilization 
period for voting procedure.  

5.1.2 Screening Subjects 

At this moment a screening procedure was applied to the subjects’ results to be 
able to discard subjects that voted very differently from the whole group of 
subjects. Therefore, we adopted ITU-T’s recommended way to discard subjects.  
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Figures 5.2 and 5.3 show the subjects’ instantaneous scores from first and 
second sessions. Vertical lines represent the doubled standard deviation. A thick 
curve in Figure 5.2 represents a subject who is out of the range for ~10% of the 
time. Three subjects’ curves are out of the range in Figure 5.3. 
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Figure 5.2 Session1’s instantaneous scores with double standard deviation 
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Figure 5.3 Session 2’s instantaneous scores with double standard deviation 
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Figure 5.4 shows the dotted and thick solid instantaneous MOS curves from both 
sessions before discarding the subjects. It can be observed that subjects’ 
opinions are higher in session 2. The confidence intervals represented with 
vertical lines. They are overlapped which means that subjects’ response in both 
sessions are not much different. Therefore, it could also be stated that the 
instantaneous MOS in both sessions are close to each other and reflect the same 
quality levels.   
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Figure 5.4 MOS curves with confidence interval before discarding the subjects 

Figure 5.5 shows the instantaneous MOS curves after discarding the subjects 
that were out from the double standard deviation range. It can be seen that 
curves are getting closer to each other after discarding though not significantly. 
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Figure 5.5 MOS curves with confidence interval after discarding the subjects 
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5.1.3 ANOVA results 

First ANOVA was applied on subject’s instantaneous quality scores. 

ANOVA results showed that subjects' instantaneous scores for quality profiles 1 
are different significantly in both sessions. According to ANOVA if the F-ration is 
lesser than F-critical then it could be said that scores from all subject belong to 
the same data set.  

In first session the F-ratio (15, 3017) = 44.03 and F-critical = 1.67 which mean 
that subjects quality scores coming from different data sets (P < 0.00). In second 
session, the F-ratio (15, 3004) = 51.08 is also greater then F-critical. 

After above the ANOVA was run to detect whether some subjects can be 
grouped according to any of the following factors like gender, level of expertise 
(e.g. audio or video experts), day time when test was performed (e.g. before or 
after lunch). 

Totally, 3 groups were formalized in session1 and 14 subjects were lying in those 
three groups. These three groups were named by group1, group2 and group3. 
Group 1 was consisted of four subjects.  While group 2 and group 3 consisted of 
five subjects in each group. Two subjects did not belong to any group. ANOVA 
was conducted on each group and it proved that subjects in every group belong 
to the same date set. In session 2 only two groups were detected. 11 subjects 
belonged to these two groups. Group1 consisted of 8 subjects while group 2 was 
comprised 3 subjects and rest subjects (5 persons) did not belong to any group. 
Following tables are showing ANOVA results of the groups. 

The degree of freedom (df) can be defined as the total number of independent 
pieces of information that involve in the estimation of a parameter. There are two 
concepts in degree of freedom, within degree of freedom and between degree of 
freedom. Within degree of freedom can be described as the amount of variation 
within a group while between degree of freedom is amount of variation between 
groups. 

 
Session1      
 F-ratio P-value F-critical df(between) df(within) 
Group1 0.59 0.62 2.62 3 758 
Group2 1.39 0.24 2.38 4 942 
Group3 0.48 0.75 2.38 4 942 

Table 1: Subjects’ groups in Session 1 and ANOVA results 
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Session2      
 F-ratio P-value F-critical df(between) df(within) 
Group1 1.80 0.08 2.02 7 1499 
Group2 0.48 0.62 3.01 2 563 

Table 2: Subjects’ groups in Session 2 and ANOVA results 

By considering these results, it was not possible to find out a factor caused 
subjects separation into several groups. 

ANOVA was also conducted on the instantaneous MOS calculated for session 1 
and 2. It revealed comparatively less variations between instantaneous MOS of 
both sessions. F-ratio (1, 380) = 11.58 and f-critical = 3.87 (p < 0.00), showing 
that instantaneous MOS of both sessions can be considered as different 

 
 Average Variance F-ratio P-value F-critical df(between) df(within) 
        
Session1 MOS 2.32 0.49 11 .58 0.00 3.87 1 380 
Session2 MOS 2.58 0.62      

Table 3: ANOVA results before discarding the subjects 

ANOVA was again conducted on the instantaneous MOS of both sessions after 
discarding the subjects. It can be seen in the following table that F-ratio is still too 
large. The results describe that instantaneous MOS of both sessions can be 
considered as different. 

 
 Average Variance F-ratio P-value F-critical df(between) df(within) 
        
Session1 MOS 2.28 0.51 10.46 0.00 3.87 1 380 
Session2 MOS 2.54 0.67      

Table 4: ANOVA results after discarding the subjects 
 

So analysis performed above gives indication that session 1 and 2 can be 
regarded to produce significantly different results according to ANOVA results. 

5.1.4 Correlation results 

Pearson’s correlation coefficients were calculated between the 8 seconds 
instantaneous MOS averages of P.880, P.800 ACR and symbolic MOS. 8 
seconds instantaneous MOS averages are given in the following Table 5.  
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Time[sec] P.880 P.800 ACR SybmolicMOS 
8 2.02 1.23 1 
16 1.27 1.27 1 
24 1.54 2.15 2 
32 1.68 1.92 2 
40 1.95 2.81 3 
48 2.54 3.38 3 
56 2.89 3.50 3 
64 2.85 2.58 3 
72 2.83 2.96 4 
80 3.06 3.62 4 
86 3.31 4.31 5 
96 3.48 4.62 5 

Table 5: Eight second MOS averages of P.880, P.800 ACR and symbolic MOS 

 
 Quality profile 1 
Correlation (P.880,P.800 ACR) 0.91 
Correlation (P.880,SymbolicMOS) 0.89 
Correlation (P.800 ACR, SymbolicMOS) 0.95 

Table 6: Correlation results between P.880, P.800 ACR, and symbolic MOS. 

The correlation results are shown in Table 6. For quality profile 1, the correlation 
between P.880, P.800 ACR and symbolic MOS are greater than 0.89 which 
represents high correlation. Pearson’s correlation coefficient proves that P.880 
and P.800 ACR scores are highly correlated with each other even if their results 
are slightly different. 

Figure 5.6 shows the P.880’s instantaneous MOS average of 8 seconds and 
P.800 ACR MOS, and if discard first 8 seconds then it can be noticed that the 
solid curve is more smooth and continuously moving up without jumping between 
the quality levels. So, P.880 has given results differently than P.800 ACR 
method. 
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Quality profile 1: P.880 and P.800 ACR's 8 sec MOS average
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    Figure 5.6 Eight second averages of P.880 and P.800 ACR results                         

The 8 seconds instantaneous MOS averages of P.880 and P.800 ACR were also 
ranked in descending order to check difference in quality levels used during 
voting procedure for P.880 and P.800 ACR results.  

In Figure 5.7 the ranked instantaneous MOS of P.880 and P.800 ACR are drawn. 
It is very obvious in the figure that P.800 ACR results are higher in general than 
P.880 results. 
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Figure 5.7 P.880 and P.800 ACR results ranked in descending order. 
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5.1.5 Overall MOS analysis 

For quality profile 1, the value 2.56 was obtained as an overall MOS judgment in     
P.880 test. While 2.23 overall MOS value was obtained from P.800 ACR test 
method. In the following Figure 5.8, overall MOS values obtained from both 
methods are depicted. The 95% confidence interval can be seen as vertical lines 
on the top of the pipes. The vertical lines are overlapping which indicates that the 
overall MOS obtained from both methods are not significantly different. 
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Figure 5.8 Overall MOS of quality profile 1 

ANOVA was also used to check out the symmetry between the subjects overall 
MOS in both sessions. ANOVA proved that both sessions overall MOS belong to 
the same data set. No difference is found between two sessions. The ANOVA’s 
F-ratio (15, 16) = 0.68 which is lying under the F-critical = 2.35 (P < 0.77).  
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5.2 Quality profile 2 

5.2.1 General results 

This speech sequence was extracted from a telephony conversation of a male 
talker. This quality profile was also build of 8 sec speech segments run through 
radio channel simulator to create near to constantly decreasing speech quality 
through entire speech sequence. Quality levels corresponded to a radio transport 
channel condition with different interference distortion. In Figure 5.9, expected 
speech qualities are depicted with MOS level from 5 to 1 (Excellent to Bad).  

Figure 5.9 shows two curves. Solid curve represents the calculated 
instantaneous MOS for every time point collected from the subjects. Thick dotted 
curve represents the expected speech quality levels perceived by the subjects. 
This curve is considered as a symbolic description of quality profile 2. Dotted 
curve represents that speech quality level was 5 (Excellent) at starting and 
continuously decreased to level 1 (Bad).   
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Figure 5.9 Curves showing expected and calculated MOS 

When this quality profile was played out the slider position was placed in the 
middle of the scale that is level 3. It is recommended in P.880 methodology to 
place the slider in the middle of the scale whenever a speech sequence starts. 
So, subjects instantaneous MOS show that when quality profile was played out 
the slider position was set first to the middle of the rating scale and they moved 
the slider to the quality level when it was perceived.  
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In first 16 sec, the speech quality was expected at level 5 (Excellent). Quality 
decreased for next 16 sec to level 4 (Good). After 32 sec, speech quality was 
expected to be at level 3 (Good) for next 32 sec. The speech quality remained 
decreasing to level 1 (Bad). 

In this quality profile, it can also be seen that instantaneous MOS values reflected 
the speech quality conditions behaviors i.e. decreasing speech quality even if the 
highest expected quality condition was rated with MOS lower than 5.  This was 
expected because AMR NB codec can not produce listening speech quality level 
5 MOS. Vertical lines around solid MOS curve represent 95% confidence interval.  

5.2.2 Screening subjects 

Following Figures 5.10 and Figure 5.11 are showing subjects’ instantaneous 
score from two sessions. Vertical lines represent the doubled standard deviation. 
Thick curves represent the subjects whose scores are out of the doubled 
standard deviation range for 10% of the time. Statistical measurements were 
calculated before and after discarding the subjects.  
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Figure 5.10 Session1’s instantaneous scores with double standard deviation 
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Session2's MOS with double standard deviation
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Figure 5.11 Session 2’s instantaneous scores with double standard deviation 

Figure 5.12 (below) shows the dotted and thick solid instantaneous MOS curves 
from both sessions before discarding the subjects. It is shown in the figure below 
that subjects’ opinions are higher in session 2. In this figure, confidence intervals 
of both sessions are represented with vertical lines around the instantaneous 
MOS curves. They are overlapped which means subjects’ scores in both 
sessions are not much different.  Therefore, it could be stated that the 
instantaneous MOS of both sessions reflect the same quality levels. 
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Quality proflie2's MOS with confidence interval (before discarding)
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Figure 5.12 MOS curves with confidence interval before discarding the subjects 

Instantaneous MOS Curves obtained after discarding the subjects can be seen in 
Figure 5.13. It is obvious in the figure that curves are significantly closed after 
discarding the subjects. 
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Figure 5.13 MOS curves with confidence interval after discarding the subjects 



   

 Ericsson Confidential 
TECHNICAL REPORT 

 
66 (160) 

Prepared (also subject responsible if other) No. 

Hassani Syed Hassan Imam  
Approved Checked Date Rev Reference 

Valentin Kulyk  2009-03-09 PA1  
MEE09:62 

5.2.3 ANOVA results 

First ANOVA was applied on subject’s instantaneous quality scores. 

It revealed that subjects’ instantaneous scores do not belong to the same data 
set in both sessions. First session’s F-ratio (15, 3029) = 104.75 and F-critical = 
1.67 (P < 0.00) which represents very high variations in subjects’ instantaneous 
scores. In the second session, ANOVA exposed the variations but lesser than 
first session. The results are F-ratio (15, 3011) = 61.95 and F-critical = 1.67 (P < 
0.00).  

ANOVA was run to detect subjects’ groups according to the factor explained in 
quality profile 1. Four groups were detected in session 1. Group 1 consisted of 5 
subjects. Group 2 consisted of 3 subjects while Group 3 and Group 4 consist of 2 
subjects in each group. 4 subjects (4 persons) did not belong to any group. In 
session 2, total 3 groups were formalized. Group 1 consisted of 5 subjects, 
Groups 2 consisted of 4 subjects and Group 3 consisted of 3 subjects. 4 subjects 
were detected who did not belong to any group. Subjects’ groups from both 
sessions and ANOVA results are given in the following Table 7 and Table 8. 

 
Session1      
 F-ratio P-value F-critical df(between) df(within) 
Group1 1.52 0.20 2.38 4 947 
Group2 2.47 0.09 3.01 2 569 
Group3 0.22 0.64 3.87 1 374 
Group4 0.06 0.81 3.87 1 378 

Table 7: Subjects’ groups in session 1 and ANOVA results 

 
Session2      
 F-ratio P-value F-critical df(between) df(within) 
Group1 2.20 0.07 2.38 4 930 
Group2 1.09 0.35 2.62 3 752 
Group3 0.58 0.56 3.01 2 546 

Table 8: Subjects’ groups in session 2 and ANOVA results 

According to the ANOVA results obtained for each group, it was not possible to 
find out a factor caused subjects separation into several groups (similar to the 
profile 1 results). 

After that, ANOVA was conducted on the instantaneous MOS of both sessions 
before and after discarding the subjects. According to these results, ANOVA says 
that MOS of both sessions belong to the same data set. Results are shown in 
Table 9 and Table 10. 
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 Average Variance F-ratio P-value F-critical df(between) df(within) 
        
Session1 MOS 2.86 0.43 1.82 0.18 3.87 1 380 
Session2 MOS 2.96 0.56      

Table 9: ANOVA results before discarding the subjects 

 
 Average Variance F-ratio P-value F-critical df(between) df(within) 
        
Session1 MOS 2.88 0.53 0.00 0.95 3.87 1 380 
Session2 MOS 2.88 0.55      

Table 10: ANOVA results after discarding the subjects 

The above analysis gives an indication that session 1 and session 2 can be 
regarded to produce same results. 

                                          

5.2.4 Correlation results 

Pearson’s correlation coefficients were calculated among 8 seconds 
instantaneous MOS averages of P.880, P.800 ACR and symbolic MOS. 8 
seconds instantaneous MOS averages are given in the following Table. 

 
Time[%] P.880 P.800 ACR SybmolicMOS 
8 3.22 1.23 5 
16 3.64 1.27 5 
24 3.58 2.15 4 
32 3.42 1.92 4 
40 3.34 2.81 3 
48 3.27 3.38 3 
56 3.13 3.50 3 
64 3.13 2.58 3 
72 2.69 2.96 2 
80 2.14 3.62 2 
86 1.79 4.31 1 
96 1.50 4.62 1 

 Table 11: Eight second averages of P.880, P.800 ACR and symbolic MOS. 

The correlation results for quality profile 2 can be seen in the following Table 12. 
Pearson’s correlation coefficient proved high relationship between P.880, P.800 
ACR and symbolic MOS. 



   

 Ericsson Confidential 
TECHNICAL REPORT 

 
68 (160) 

Prepared (also subject responsible if other) No. 

Hassani Syed Hassan Imam  
Approved Checked Date Rev Reference 

Valentin Kulyk  2009-03-09 PA1  
MEE09:62 

 
 Quality profile 2 
Correlation (P.880,P.800 ACR) 0.94 
Correlation (P.880,SymbolicMOS) 0.88 
Correlation (P.800 ACR, SymbolicMOS) 0.93 

Table 12: Correlation results between P.880, P.800 ACR and Symbolic MOS. 

Figure 5.14 shows the P.880 and P.800 ACR instantaneous MOS averages of 8 
seconds. By discarding first 8 second’s segment it can be noticed that P.880 
results are smoother than P.800 ACR curve. Solid curve degraded continuously 
without jumping between quality levels, while dotted curve is jumping between 
quality levels. Therefore, P.880 and P.800 ACR results are slightly different from 
each other. 
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    Figure 5.14 Eight second averages of P.880 and P.800 ACR results                        

The 8 seconds instantaneous MOS averages of P.880 and P.800 ACR were also 
ranked in descending order to check difference in quality levels used during 
voting procedure for P.880 and P.800 ACR results. 

In Figure 5.15, ranked instantaneous MOS are drawn from P.880 and P.800 ACR 
methods. According to these curve P.800 ACR instantaneous MOS values are 
slightly higher than P.880.  
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Quality Profile 2: P.880 and P.800 ACR's Ranked MOS
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Figure 5.15 P.880 and P.800 ACR results ranked in descending order. 

5.2.5 Overall MOS analysis 

For quality profile 2, the value 2.43 was obtained as overall MOS in P.880 test 
method while 1.88 overall MOS value was obtained in P.800 ACR test method. It 
can be noticed that overall MOS is higher in P.880 method. In the following 
Figure 5.16, overall MOS values obtained from both methods are depicted. The 
95% confidence interval can be seen as vertical lines on the top of the pipes. The 
vertical lines are not overlapping which indicates that the overall MOS obtained 
from both methods are different. 
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Figure 5.16 Overall MOS of quality profiles  
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ANOVA was conducted on overall MOS of both sessions and it revealed that the 
overall MOS of both sessions belong to different data set. F-ratio (15, 16) = 2.66 
is not lying under F-critical = 2.35 (P < 0.03) but is very close to it. 

5.3 Quality profile 3 

5.3.1 General results 

This quality profile was presented to the subjects with constant quality, no 
improvement or no degradations were introduced in this quality profiles. Quality 
profile 3’s speech was extracted from a telephony conversation of a female 
talker. It was also build of 8 sec segments composition. A quality level 
corresponded to a radio transport channel condition with no interference 
distortion. Expected speech qualities are denoted (see Figure 5.17 below) as 
MOS level at 5 (Excellent). 

In Figure 5.17, solid curve represents the instantaneous MOS values calculated 
for every time point when subjects’ scores were collected. Thick dotted curve 
represents the expected speech quality level to be perceived by the subjects. 
This curve can be considered as a symbolic description of the quality profile, 
which shows that speech quality remained constant during the whole speech 
sequence.   
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Figure 5.17 Curves showing expected and calculated MOS 
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In this quality profile, it can also be seen that instantaneous MOS values reflected 
speech quality condition i.e. constant speech quality even if the highest expected 
quality condition was rated with MOS lower than 5 (Excellent). This was expected 
because AMR NB can not produce listening speech quality level at MOS = 5. 
Confidence interval (95%) can be seen as vertical lines around thick 
instantaneous MOS curve. 

The solid curve representing that result started from level 3 and getting up 
towards level 4. It started at level 3; this is because of the instruction given to the 
subjects. They were required to place the slider in the middle of the scale 
whenever a speech sequence starts. 

First 8 sec segment does not represent real responses to the quality level 
changes. It is the time period when subjects were trying to build an opinion about 
speech quality and to set the slider according to it. So, the first 8 seconds’ 
segment should be ignored as a stabilization period.   

5.3.2 Screening subjects 

In this phase, ITU-T’s recommended way was adopted to discard the subjects 
that voted very differently from the whole group of subjects. 

Figure 5.18 and 5.19 are showing subjects’ instantaneous scores from both 
sessions of quality profile 3. Vertical lines represent the doubled standard 
deviation. In Figure 5.18, a thick curve represents a subject who is out from the 
double standard deviation range for 10% of total time. In Figure 5.19, also one 
subjects’ curve is out of the range. 
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Figure 5.18 Session 1’s instantaneous scores with double standard deviation 
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Session2 MOS with double standard deviation
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Figure 5.19 Session 2’s instantaneous scores with double standard deviation 

Figure 5.20 shows the dotted and thick solid instantaneous MOS curves from 
both sessions before discarding the subjects. It can be seen that, instantaneous 
MOS values are higher in second session. Confidence intervals are represented 
with vertical lines around instantaneous MOS curves. Vertical lines are not 
overlapping significantly between ~8 and ~32 seconds which mean that 
instantaneous MOS in both sessions were voted to be different during this time 
period. 
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Figure 5.20 MOS curves with confidence interval before discarding the subjects 
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In the following Figure 5.21, instantaneous MOS curves are drawn after 
discarding the subjects. Instantaneous MOS results are higher in second session 
than in first session. It can also be observed that both curves are getting away 
from each other after discarding the subjects. Confidence intervals are not 
overlapping most of the time, which indicates that subjects assessed this profile 
to have significantly higher speech quality in general during the second session 
than when it was played during the first session. This can be explained by 
experience about speech quality that subjects gained during the first session and 
play out order. 
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Figure 5.21 MOS curves with confidence interval after discarding the subjects 

In quality profile 1 and 2, we saw that when subjects were discarded the curves 
got closer to each other. But an opposite behavior can be observed for a speech 
sequence with constant quality. When subjects were discarded the curves got 
away from each other. 

It can also be seen that some of the subjects assessed this profile to have 
variable speech quality while it was actually constant. This can be explained by 
that these subjects expected speech quality to vary since all other profiles 
provided varying quality properties. Another explanation can be that theses 
subjects were fatigued. Probable the test session should be shorter.  
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5.3.3 ANOVA results 

First ANOVA was applied on subject’s instantaneous quality scores 

ANOVA revealed very high variations in subjects’ instantaneous scores for 
quality profile 3. ANOVA’s first session F-ratio (15, 3015) = 354.05 and F-critical 
= 1.67 (P < 0.00). These results show high variations in subjects’ scores. In 
session 2, ANOVA results show higher variations in subjects’ scores. F-ration 
(15, 2928) = 580.89 and F-critical = 1.67 (P < 0.00) which means that subjects 
quality scores represent different data set. 

After ANOVA calculation on subjects’ instantaneous scores, ANOVA was run to 
detect some groups according to factors like gender, level of expertise (e.g. audio 
or video experts), and sessions when the test was performed (e.g. before or after 
lunch).  

Three groups were detected in first session and 8 subjects were lying in three 
groups. Group1 consisted of 2 subjects, while Group2 and Group3 consisted of 3 
subjects respectively. 8 subjects did not belong to any of the group. 

In second session, totally 5 groups were formalized in which 11 subjects 
belonged to these five groups. Group1, Group2, Group3 and Group4 consisted of 
2 subjects in each group, while Group5 consisted of 3 subjects. 5 subjects did not 
belong to any of the group.  Following table is containing subjects’ groups and 
their ANOVA results for quality profile 3. 

 

Table 13: Subjects’ groups in Session 1 and ANOVA results 

 

 

 

 

 

Table 14: Subjects’ groups in Session 2 and ANOVA results 

For this quality profile, no factor was found that caused subjects separation into 
several groups. 

Session1      
 F-ratio P-value F-critical df(between) df(within) 
Group1 0.16 0.69 3.87 1 372 
Group2 2.27 0.10 3.01 2 558 
Group3 2.39 0.09 3.01 2 567 

Session2      
 F-ratio P-value F-critical df(between) df(within) 
Group1 1.30 0.26 3.87 1 380 
Group2 2.77 0.10 3.87 1 368 
Group3 0.04 0.96 3.01 1 374 
Group4 0.02 0.88 3.87 2 561 
Group5 0.07 0.80 3.87 1 378 
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After above calculations, ANOVA was conducted on instantaneous MOS of both 
sessions. ANOVA exposed high variations in instantaneous MOS of both 
sessions which mean that instantaneous MOS of both sessions are coming from 
the different data set. ANOVA results calculated for both sessions are given in 
the following tables. 

 

 
 
Table 15: ANOVA result before discarding the subjects 
 
 
 
 
 
 
Table 16: ANOVA result after discarding the subjects 
 
According to ANOVA results, it could be stated that session 1 and 2 produced 
significantly different results. 

5.3.4 Correlation results 

Pearson’s correlation coefficients were calculated between the 8 seconds 
instantaneous MOS averages of P.880, P.800 ACR and symbolic MOS. The 8 
seconds instantaneous MOS averages are given in the following table. 

 
Time[%] P.880 P.800 ACR SybmolicMOS 
8 3.28 4.54 5 
16 3.73 4.38 5 
24 3.84 4.31 5 
32 3.82 4.38 5 
40 3.78 4.27 5 
48 3.81 4.5 5 
56 3.84 4.46 5 
64 3.85 4.46 5 
72 3.80 4.38 5 
80 3.84 4.69 5 
86 3.82 4.31 5 
96 3.77 4.62 5 

Table 17: Eight second MOS averages of P.880, P.800 ACR and symbolic MOS 

 Average Variance F-ratio P-value F-critical Df(between) df(within) 
        
Session1 MOS 3,60 0,02 264,18 0,00 3,87 1,00 380,00 
Session2 MOS 3,93 0,06      

 Average Variance F-ratio P-value F-critical Df(between) df(within) 
        
Session1 MOS 3.63 0.02 328.92 0.00 3.87 1 380 
Session2 MOS 4.00 0.07      
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 Quality profile 3 
Correlation (P.880,P.800 ACR) 0.11 
Correlation (P.880,SymbolicMOS) No result 
Correlation (P.800 ACR, SymbolicMOS) No result 

Table 18: Correlation results between P.880, P.800 ACR and Symbolic MOS 

Pearson’s correlation coefficient was calculated between P.880 and P.800 ACR 8 
sec instantaneous MOS averages. Pearson’s correlation result betweenP.880 
and P.800 ACR is 0.11 which indicates low correlation. So, it can be stated that 
P.880 MOS is different from the MOS obtained by P.800 ACR method. 

Pearson’s correlation coefficient can not be calculated between P.880 and 
Symbolic MOS. Similarly, Pearson’s correlation coefficient can not be calculated 
between P.800 ACR and Symbolic MOS because of the constant MOS values of 
symbolic quality profile. 

Figure 5.22 shows the P.880 and P.800 ACR instantaneous MOS averages of 8 
seconds. Solid curve represents the instantaneous MOS obtained from P.880. If 
first 8 seconds segment is discarded than it can be observed that solid curve is 
more smooth and stable through out the whole quality profile. Dotted curve 
represents instantaneous MOS obtained from P.800 ACR. This dotted curve is 
jumping up and down, which indicates that P.800 ACR results do not reflect this 
profile’s quality properties. The P.880 MOS curve reflects the constant speech 
quality properties except during the first 8 seconds stabilizing 
period.
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    Figure 5.22 Eight second averages of P.880 and P.800 ACR results 
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8 seconds instantaneous MOS averages were also ranked in descending order 
to check differences in quality levels used during the voting procedure for P.880 
and P.800 ACR results. 

In Figure 5.23, the ranked instantaneous MOS of P.880 and P.800 ACR are 
depicted. It can be observed that subjects’ results are higher in P.800 ACR 
method. 
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Figure 5.23 P.880 and P.800 ACR results ranked in descending order 

5.3.5 Overall MOS analysis 

3.78 overall MOS was obtained from P.880 method while 4.31 overall MOS was 
obtained from P.800 ACR method. In the following Figure 5.24, overall MOS 
values obtained from both methods are depicted. The 95% confidence interval 
can be seen as vertical lines on the top of the pipes. The vertical lines not 
overlapping. So, it can be stated that both methods produced different overall 
MOS values for this quality profile. 
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Figure 5.24 Overall MOS of quality profile 3  

ANOVA was conducted on overall MOS of both sessions. ANOVA revealed that 
overall MOS in both sessions belong to a same data set. F-ratio (15, 15) = 2.13 
which is under the F-critical = 2.49 (P < 0.08).   

5.4 Quality profile 4 

5.4.1 General results 

Quality profile 4’s speech sequence was extracted from a telephony conversation 
of a male talker. In this quality profile, the speech quality was constant throughout 
the whole speech sequence. This quality profile was composition of 8 seconds 
speech segments. A quality level corresponded to a radio channel condition with 
no interference distortion. The expected speech qualities are denoted (see Figure 
5.25 below) as MOS level at 3 (Fair). 

In Figure 5.25, solid curve represents the instantaneous MOS calculated for 
every time point when subjects’ instantaneous scores were collected. Thick 
dotted curve represents the expected speech quality level to be perceived by the 
subjects. This curve can be considered as a symbolic description of the quality 
profile, which shows that speech quality remained constant during the whole 
speech sequence. 
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Quality proflie 4: P.880 and Symbolic MOS
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Figure 5.25 Curves showing expected and calculated instantaneous MOS 

It can be observed that most of the time, instantaneous MOS values reflected 
speech quality condition i.e. constant speech quality except the first 16 seconds 
and last 8 seconds. The variations at the beginning and at the end of speech 
sequence can be explained that subjects expected speech quality to vary since 
all other profiles provided varying quality properties. It can be stated that after 16 
seconds, subjects realized that speech quality is constant. In the last segment, 
curve depicts that speech quality varied but in fact quality was constant. An 
explanation could be that subjects were tired. In this quality profile, the expected 
speech quality and perceived speech quality are at the same MOS level 3 (Fair). 

Solid curve represents that results started from level 3 and getting down in first 8 
seconds segment and started moving up at level 3. First 8 sec segment does not 
represent real responses to the quality level changes. It is the time period when 
subjects were trying to build an opinion about speech quality and to set the slider 
according to it. So, the first 8 seconds’ segment should be ignored as a 
stabilization period.   

5.4.2 Screening subjects 

In this step the subjects were discarded according to ITU-T Rec. P.880 who 
voted very differently from the whole group of the subjects. 

Figure 5.26 and 5.27 are showing subjects instantaneous score from both 
sessions. Vertical lines are representing the doubled standard deviation. A thick 
curve in Figure 5.26 shows a subject who is out from the double standard 
deviation range for 10% of the total time. In Figure 5.27, also one subject (which 
is represented with a thick curve) is out of the range for 10% of the total time.  
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Figure 5.26 Session 1’s instantaneous scores with double standard deviation 

Session2 MOS with double standard deviation
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Figure 5.27 Session 2’s instantaneous scores with double standard deviation 
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Figure 5.28 shows the dotted and thick solid instantaneous MOS curves from 
both sessions before discarding the subjects. Subjects’ instantaneous MOS 
values are almost same in both sessions. Confidence intervals are represented 
with vertical lines around instantaneous MOS curves. Vertical lines are 
overlapping significantly which means that instantaneous MOS in both sessions 
are same. So, it can be described that instantaneous MOS in both sessions 
reflect the same quality levels. Consequently, it could be stated that the 
instantaneous MOS in both sessions are close to each other and reflect the same 
quality levels. 
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Figure 5.28 MOS curves with confidence interval before discarding the subjects 

Instantaneous MOS curves are drawn after discarding the subjects in the 
following Figure 5.29, Instantaneous MOS curves are still close to each other and 
confidence intervals are overlapping, which is an indication that instantaneous 
MOS in both sessions reflect the same quality levels. 
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Quality profile4's MOS of both sessions with confidence interval (after 
discarding)

1

2

3

4

5

0 8 16 24 32 40 48 56 64 72 80 88

Time [sec]

M
O

S

Session1MOS
Session2MOS

 

Figure 5.29 MOS curves with confidence interval after discarding the subjects 

5.4.3 ANOVA results 

First ANOVA was applied on subject’s instantaneous quality scores 

ANOVA revealed very high variations in subjects’ instantaneous scores for 
quality profile 4. ANOVA’s first session F-ratio (15, 2960) = 754.10 and F-critical 
= 1.67 (P < 0.00). These results show high variations in subjects’ scores. In 
session 2, ANOVA results also show higher variations in subjects’ scores. F-
ration (15, 2912) = 487.74 and F-critical = 1.67 (P < 0.00) which means that 
individual subjects quality scores represent different data set. 

After ANOVA calculation on subjects’ instantaneous scores, ANOVA was run to 
detect some groups according to factors like gender, level of expertise (e.g. audio 
or video experts), and sessions when the test was performed (e.g. before or after 
lunch).  

Only one group was detected in first session which consisted of two subjects. 14 
subjects did not belong to any group. In second session, two groups were 
formalized. Group 1 consisted of 4 subjects while Group 2 consisted of 3 
subjects. So, in second session 9 subjects did not belong to any group. Following 
tables are showing the group of subjects and ANOVA results. 

 

 

Table 19: Subjects’ groups in Session 1 and ANOVA results  

Session1      
 F-ratio P-value F-critical df(between) df(within) 
Group1 0.98 0.32 3.87 1 378 
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Session2      
 F-ratio P-value F-critical df(between) df(within) 
Group1 1.06 0.37 2.62 3 728 
Group2 1.85 0.16 3.01 2 564 

Table 20: Subjects’ groups in Session 2 and ANOVA results  

After above calculations, ANOVA was run on the instantaneous MOS of both 
sessions before discarding the subjects. ANOVA revealed that instantaneous 
MOS of both sessions are coming from the same data set.  

 
 Average Variance F-ratio P-value F-critical df(between) df(within) 
        
Session1 MOS 2.90 0.02 0.05 0.83 3.87 1 380 
Session2 MOS 2.90 0.03      

Table 21: ANOVA result before discarding the subjects 

 
 Average Variance F-ratio P-value F-critical df(between) df(within) 
        
Session1 MOS 2.86 0.02 0.84 0.36 3.87 1 380 
Session2 MOS 2.84 0.04      

Table 22: ANOVA result after discarding the subjects 

ANOVA was also conducted on the instantaneous MOS of both sessions after 
discarding the subjects. It proved that subjects’ score are still coming from the 
same data set. So, instantaneous MOS of both sessions can be regarded as 
same quality judgments in both sessions. 

5.4.4 Correlation results 

Pearson’s correlation coefficients were calculated between the 8 seconds 
instantaneous MOS averages of P.880, P.800 ACR and symbolic MOS. The 8 
seconds instantaneous MOS averages are given in the following table. 
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Time[%] P.880 P.800 ACR SybmolicMOS 
8 2.87 2.69 3 
16 2.64 3.04 3 
24 2.85 3.50 3 
32 2.93 3.27 3 
40 2.91 3.69 3 
48 2.96 3.19 3 
56 2.91 3.46 3 
64 2.96 3.27 3 
72 2.94 3.08 3 
80 3.00 3.31 3 
86 3.02 3.42 3 
96 2.83 2.81 3 

Table 23: 8 second averages of P.880, P.800 ACR and Symbolic results 

 
 Quality profile 4 
Correlation (P.880,P.800 ACR) 0.38 
Correlation (P.880,SymbolicMOS) No result 
Correlation (P.800 ACR, SymbolicMOS) No result 

Table 24: Correlation results between P.880, P.800 ACR and Symbolic MOS 

Pearson’s correlation coefficient was calculated between P.880 and P.800 ACR 8 
sec instantaneous MOS averages. Pearson’s correlation result betweenP.880 
and P.800 ACR is 0.38 which indicates low correlation. So, it can be stated that 
P.880 instantaneous MOS is different from the instantaneous MOS obtained by 
P.800 ACR method. 

Pearson’s correlation coefficient can not be calculated between P.880 and 
Symbolic MOS. Similarly, Pearson’s correlation coefficient can not be calculated 
between P.800 ACR and Symbolic MOS because of the constant instantaneous 
MOS values of symbolic quality profile. 

Figure 5.30 shows the P.880 and P.800 ACR instantaneous MOS averages of 8 
seconds. Solid curve represents the instantaneous MOS obtained from P.880. If 
first 8 seconds segment is discarded than it can be observed that solid curve is 
more smooth and stable through out the whole quality profile. Dotted curve 
represents instantaneous MOS obtained from P.800 ACR. This dotted curve is 
jumping up and down for constant speech quality, which indicates that P.800 
ACR results do not reflect the real speech quality.  



   

 Ericsson Confidential 
TECHNICAL REPORT 

 
85 (160) 

Prepared (also subject responsible if other) No. 

Hassani Syed Hassan Imam  
Approved Checked Date Rev Reference 

Valentin Kulyk  2009-03-09 PA1  
MEE09:62 

Quality Profile 4: P.880 and P.800 ACR's 8 sec MOS average

1

2

3

4

5

0 8 16 24 32 40 48 56 64 72 80 88 96
Time [sec]

M
O

S

P.880 MOS P.800 ACR MOS

 

Figure 5.30 Eight second averages of P.880 and P.800 ACR results 

8 seconds instantaneous MOS averages were also ranked in descending order 
to check differences in quality levels used during the voting procedure for P.880 
and P.800 ACR results. 

In Figure 5.31, the ranked instantaneous MOS of P.880 and P.800 ACR are 
depicted. It can be observed that subjects’ results are again higher in P.800 ACR 
method. 
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Figure 5.31 P.880 and P.800 ACR results ranked in descending order 
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5.4.5 Overall MOS analysis 

2.97 overall MOS was obtained from P.880 method while 2.96 overall MOS was 
obtained from P.800 ACR method. In the following Figure 5.32, overall MOS 
values obtained from both methods are depicted. The 95% confidence interval 
can be seen as vertical lines on the top of the pipes of each quality profile. The 
vertical lines are overlapping. So, it can be stated that both methods produced 
same overall MOS for this quality profile. 
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Figure 5.8 Overall MOS of quality profile 4 

ANOVA was conducted on overall MOS of both sessions. ANOVA revealed that 
overall MOS in both sessions do not belong to a same data set. F-ratio (15, 16) = 
10.20 which is not under the F-critical = 2.35 (P < 0.00). 

5.5 Quality profile 5 

5.5.1 General results 

This speech sequence represented one female talker extracted from full 
telephony conversation. The whole speech sequence was composition 8 
seconds speech segments that were run through radio channel simulator to 
create varying speech quality condition through entire speech sequence 
representing the phone call. Two different quality levels corresponded to a radio 
transport channel condition with two interference distortions. Expected speech 
qualities are denoted (see Figure 5.33 below) as MOS levels 4 (Good) and 1 
(Bad). 
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Figure 5.33 shows two curves. Solid curve represents the instantaneous MOS 
values calculated for every time point when subjects’ scores were collected. 
While thick dotted curve represents the expected speech quality levels to be 
perceived by the subjects. This dotted curve can be considered as symbolic 
description of the quality profile. It can be seen that speech quality was degraded 
for two times in entire speech sequence.  

Symbolic description of the quality profile shows that quality level was 4 (Good) 
at the start. After 32 seconds, speech quality degraded to level 1 (Bad). Speech 
quality was improved after 8 sec degradation to its previous quality level 4 
(Good). For next 32 seconds, speech quality stayed at level 4 (Good) and than 
again degraded to level 1(Bad). Speech quality was improved after 8 seconds to 
quality level 4 (Good) and remained constant until the end of the speech 
sequence. 
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Figure 5.33 Curves showing expected and calculated MOS 

 

In the Figure 5.33, it can be observed that instantaneous MOS values reflected 
speech quality condition behaviors i.e. decreasing and increasing speech quality 
even if the highest expected quality condition was rated with MOS lower than 4 
(Good). This was expected because AMR NB codec can not produce highest 
listening speech quality. 95% confidence interval can be seen as vertical lines 
around thick instantaneous MOS curve. 

Delays in subjects’ scores can be observed through instantaneous MOS curve. 
When speech quality was degraded, the subjects took around 4 seconds to reach 
the lowest quality level. When quality was improved subjects took around 10 
seconds to reach the expected quality level. It can also be seen that delay in 
subjects’ scores is reduced during the second degradation.  
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A subjective test conducted by France Telecom in December 2000 and the 
purpose of this subjective test was the assessment of varying speech quality in 
time. It was observed in that test that for quality degradations 10 to 20 seconds 
are needed to reach degraded quality level. For quality improvements, 20 to 30 
seconds are needed to reach the improved quality level. In P.880 subjective test, 
similar delays are observed in subjects’ scores but their duration is lesser than 
the delay found in subjective test method conducted by France Telecom. 

5.5.2 Screening subjects 

In this phase subjects were discarded according to the ITU-T’s recommendation. 
Following Figure 5.34 and Figure 5.35 show the subjects’ instantaneous scores 
from both sessions. Double standard deviation can be seen as vertical lines. 
Three thick curves can be seen in Figure 5.34, which indicates those subjects 
who are out of the range for ~10% of the total time.  Two subjects’ curves are out 
of the double standard deviation range for ~10% of the total time in Figure 5.35. 
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Figure 5.34 Session 1’s instantaneous scores with double standard deviation 
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Session2 MOS with double standard deviation
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Figure 5.35 Session 2’s instantaneous scores with double standard deviation 

Figure 5.36 shows the dotted and thick solid instantaneous MOS curves from 
both sessions before discarding the subjects. Vertical lines around these curves 
are overlapping, which is an indication that instantaneous MOS from both 
sessions reflect the same quality levels. 
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Figure 5.36 MOS curves with confidence interval before discarding the subjects 
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Quality proflie5's MOS of both sessions with confidence 
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Figure 5.37 MOS curves with confidence interval after discarding the subjects 

In the Figure 5.37, instantaneous MOS curves are shown after discarding the 
subjects that were out from the double standard deviation range. Vertical lines 
are still overlapping which means that instantaneous MOS of both sessions are 
coming form a same data set. Therefore, it could be stated that the instantaneous 
MOS in both sessions are close to each other and reflect the same quality levels. 

5.5.3 ANOVA results 

First ANOVA was applied on subject’s instantaneous quality scores. 

ANOVA was run on the instantaneous scores and it revealed that subjects’ 
instantaneous scores are significantly different in both sessions. In first session, 
F-ratio (15, 3001) = 82.56 which is away from F-critical = 1.67. So, it can be 
stated that subjects quality scores belong to different data sets (P < 0.00). In 
second session, F-ratio (15, 3010) = 46.31 and F-critical = 1.67, which also says 
that subjects instantaneous scores belong to different data set (P < 0.00).  

After above calculation, another ANOVA was run to detect whether some 
subjects can be grouped according to any of the following factors like gender, 
level of expertise (e.g. audio or video experts), sessions when test was 
performed (e.g. before or after lunch). 
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In first session, 4 groups were formalized. 15 subjects belonged to these four 
groups; one subject did not belong to any group. Group 1 consisted of 3 subjects, 
Group 2 consisted of 8 subjects, Group 3 and Group 4 consisted of 2 subjects in 
each group. In second session, three groups were detected. 15 subjects 
belonged to these three groups. Group1, Group2 and Group3 consisted of 5 
subjects in each group. 

Subjects’ groups and their ANOVA results from both sessions are given in the 
following tables. 

 
Session1      
 F-ratio P-value F-critical df(between) df(within) 
Group1 1.56 0.21 3.01 2 558 
Group2 1.90 0.07 2.02 7 1496 
Group3 0.18 0.67 3.87 1 362 
Group4 0.52 0.47 3.87 1 368 

Table 25: Subjects’ groups in Session 1 and ANOVA results 

 
Session2      
 F-ratio P-value F-critical df(between) df(within) 
Group1 2.26 0.06 2.38 4 940 
Group2 2.32 0.06 2.38 4 940 
Group3 0.75 0.56 2.38 4 915 

Table 26: Subjects’ groups in Session2 and ANOVA results 

No factor was found that can cause subjects separation into several groups. 

After that, ANOVA was run on the instantaneous MOS calculated for first and 
second sessions. ANOVA revealed that instantaneous MOS of both sessions 
belong to a same data set. ANOVA results are given in the following table. 

 
 Average Variance F-ratio P-value F-critical df(between) df(within) 
        
Session1 MOS 2.67 0.32 1.45 0.23 3.87 1 380 
Session2 MOS 2.74 0.42      

Table 27: ANOVA results before discarding the subjects 

ANOVA was also conducted on the instantaneous MOS of both sessions after 
discarding the subjects. ANOVA proved that instantaneous MOS of both 
sessions also belong to a same data set. 
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 Average Variance F-ratio P-value F-critical df(between) df(within) 
        
Session1 MOS 2.60 0.33 2.41 0.12 3.87 1 380 
Session2 MOS 2.70 0.40      

Table 28: ANOVA results after discarding the subjects 

So, this analysis give indication that session 1 and session 2 can be regarded to 
produce same results according to ANOVA results. 

5.5.4 Correlation results 

Pearson’s correlation coefficients were calculated between 8 seconds 
instantaneous MOS averages of P.880, P.800 ACR and symbolic MOS. 8 
seconds instantaneous MOS averages are given in the following table. 

 
Time[%] P.880 P.800 ACR SybmolicMOS 
8 3.03 3.5 4 
16 3.09 3.8 4 
24 3.04 3.23 4 
32 1.83 1.15 1 
40 1.96 3.12 4 
48 2.90 3.31 4 
56 3.03 3.65 4 
64 3.14 3.5 4 
72 2.09 1.31 1 
80 2.32 3.62 4 
86 2.92 3.27 4 
96 3.14 3.31 4 

Table 29: Eight seconds MOS averages of P.880, P.800 ACR and symbolic MOS 

The correlation results are shown in Table 30. The Pearson’s correlation between 
P.880, P.800 ACR and symbolic MOS are greater than 0.70 which represents 
high correlation.  

 
 Quality profile 5 
Correlation (P.880,P.800 ACR) 0.73 
Correlation (P.880,SymbolicMOS) 0.70 
Correlation (P.800 ACR, SymbolicMOS) 0.97 

Table 30: Correlation results between P.880, P.800 ACR and symbolic MOS 
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Figure 5.38 shows the P.880 and P.800 ACR instantaneous MOS averages of 8 
sec. It can be observed that P.880 and P.800 ACR results are different from each 
other. 

Quality Profile 5: P.880 and P.800 ACR's 8 sec MOS average
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Figure 5.38 Eight second averages of P.880 and P.800 ACR results                        

The 8 sec instantaneous MOS averages of P.880 and P.800 ACR were also 
ranked in descending order to check difference in quality levels used during 
voting procedure for both methods. 

It can be seen in the following Figure 5.39, that P.800 ACR results are higher 
than P.880 results. 
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Figure 5.39 P.880 and P.800 ACR results ranked in descending order. 
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5.5.5 Overall MOS analysis 

A 2.43 value was obtained as an overall MOS judgment from P.880 test method. 
While 2.32 value was obtained as overall MOS value from P.800 ACR test 
method. In the following Figure 5.40, overall MOS values obtained from both 
methods are depicted. The 95% confidence interval can be seen as vertical lines 
on the top of the. The vertical lines are overlapping. So, it can be stated that both 
methods produced same overall MOS for this quality profile. 
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Figure 5.40 Overall MOS of quality profile 5  

ANOVA was also applied on overall MOS of both session and it revealed that 
both sessions overall MOS belong to the same data set. ANOVA results are; F-
ratio (15, 16) = 2.10 which is lying under the F-critical = 2.35 (P < 0.08). So, this 
analysis proves that overall MOS can be regarded to produce same overall MOS 
results in both sessions. 
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5.6 Quality profile 6 

5.6.1 General results 

The speech sequence represented one male talker which was extracted from a 
telephony conversation. The whole speech sequence was build of 8 seconds 
speech segments. The speech segments were run through radio channel 
simulator to create one degradation and improvement quality conditions through 
entire speech sequence representing the phone call. Two quality levels 
corresponded to a radio transport channel conditions with different interference 
distortion. Expected speech qualities are denoted (see Figure 5.41 below) as 
MOS levels 5 (Excellent) and 3 (Good). 

Two curves are shown in the following Figure 5.41. Solid curve represents the 
instantaneous MOS values calculated for every time point when subjects’ scores 
were collected. Thick dotted curve represents the expected speech quality levels 
to be perceived by the subjects. The dotted curve can be considered as symbolic 
description of the quality profile 6, which shows that speech quality was excellent 
in the starting and degraded to level 3 (Good). 

It can be seen that, speech quality was expected to be at level 5 (Excellent) 
during first 32 seconds. After 32 seconds, the speech quality was degraded to 
level 3 (Good). The quality degradation duration was 32 seconds. After 
degradation, speech quality level was again improved to levels 5 (Excellent). 
Only one quality degradation was introduced in the whole quality profile. 

Quality proflie 6: P.880 and Symbolic MOS

1

2

3

4

5

0 8 16 24 32 40 48 56 64 72 80 88
Time [sec]

M
O

S

P.880 MOS SymbolicMOS

 

Figure 5.41 Curves showing expected and calculated MOS 
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In above Figure 5.41, it can be seen that instantaneous MOS values reflected 
speech quality condition behaviors i.e. decreasing and increasing quality even if 
the highest expected quality condition was rate with MOS lower than 5. This was 
expected because AMR NB codec can not produce listening speech quality level 
MOS = 5. Thick solid curve is containing vertical lines around it, which represent 
95% confidence interval. 

The solid curve started from level 3 (Good), this is because of the instruction 
given to the subjects. According to P.880 methodology, it is recommended that 
subjects place the slider in the middle of the scale as a speech sequence starts. 
So, first 8 sec segment does not reflect the real responses to the quality level 
changes. The results of first segment should be ignored. It is the time when 
subjects were trying to build their opinion about speech quality. Expected delay in 
subjects’ scores can also be observed in the above Figure 5.41.  

5.6.2 Screening subjects 

In this step, subjects were discarded who showed high variation in their scores. 
We adopted ITU-T’s recommended way to detect those subjects. 

Figures 5.42 and 5.43 show the subjects’ instantaneous scores from both 
sessions. Vertical lines represent the double standard deviation. In session 1, two 
thick curves can be seen in Figure 5.42, which represent the subjects who are 
out of the range for 10% of the time. 
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Figure 5.42 Session 1’s instantaneous scores with double standard deviation 
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A thick curve in the following Figure 5.43 can be seen which represents a subject 
in second session that is out of the double standard deviation range for ~10% of 
the total time.  
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Figure 5.43 Session 2’s instantaneous scores with double standard deviation 

Figure 5.44 shows two curves, dotted and thick solid instantaneous MOS curves 
from both sessions before discarding the subjects. Like other quality profile, it can 
also be observed here that instantaneous MOS are higher in second session. 
Confidence intervals of both sessions are also overlapping with each other. This 
indicates that both sessions’ instantaneous MOS are not very different from each 
other. So, it can be stated that instantaneous MOS from both sessions reflect the 
same quality levels. 
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Quality profile 6's MOS of both sessions with confidence interval 
(before discarding)
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Figure 5.44 MOS curves with confidence interval before discarding the subjects 

Following Figure 5.45 shows instantaneous MOS curves after discarding the 
subjects. In this figure, it can be seen that curves are getting close to each other 
after discarding the subjects though not significantly. So, it can be stated that 
instantaneous MOS from both sessions also reflect the same quality levels after 
discarding the subjects. 
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Figure 5.45 MOS curves with confidence interval after discarding the subjects 
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5.6.3 ANOVA results 

First ANOVA was applied on subject’s instantaneous quality scores. 

By applying ANOVA on instantaneous scores, high variations in subjects’ 
instantaneous scores were revealed in both sessions. In first session, obtained 
ANOVA results are; F-ratio (15, 3010) = 131.41 which is away from the F-critical 
= 1.67 which means that individual subjects’ instantaneous scores belong to 
different data sets (P < 0.00). In second session, F-ration (15, 3005) = 188. 31 is 
greater than F-critical = 1.67. So, it can be stated that subjects’ instantaneous 
scores are also coming from the different data sets (P < 0.00). 

After ANOVA calculation on subjects’ instantaneous scores, another ANOVA was 
run to detect whether some subjects can be grouped according to the factors like 
gender, level of expertise (e.g. audio or video experts), and sessions when the 
test was performed (e.g. before or after lunch). 

In session 1, total four groups were formalized. 9 out of 16 subjects belonged to 
these four groups; rest 7 subjects did not belong to any group. Group 1 and 
Group 2 consisted of 2 subjects in each group. Group 3 consisted of 3 subjects 
while Group 4 also consisted of 2 subjects.  

In session 2, three groups were detected. 9 subjects belonged to these 3 groups. 
Group 1 consisted of 3 subjects and Group 2 consisted of 4 subjects while Group 
3 consisted of 2 subjects. 7 subjects did not belong to any group. ANOVA was 
conducted on each group of both sessions and it revealed that subjects in every 
group belong to the same data set. Subjects groups and ANOVA results are 
given in following tables. 

 
Session1      
 F-ratio P-value F-critical df(between) df(within) 
Group1 2.24 0.14 3.87 1 378 
Group2 1.45 0.23 3.87 1 346 
Group3 1.09 0.34 3.01 2 564 
Group4 0.60 0.44 3.87 1 376 

Table 31: Subjects’ groups in session 1 and ANOVA results 

 
Session2      
 F-ratio P-value F-critical df(between) df(within) 
Group1 1.12 0.33 3.01 2 555 
Group2 0.40 0.75 2.62 3 740 
Group3 3.29 0.07 3.87 3 732 

Table 32: Subjects’ groups in session 2 and ANOVA results 
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By considering above ANOVA results, it was not possible to find out a factor 
caused subjects separation into several groups. 

After above ANOVA calculations, another ANOVA was conducted on the 
instantaneous MOS of both sessions. This ANOVA revealed comparatively less 
variations to individual subjects’ instantaneous scores. ANOVA results are given 
in the following table. 

 
 Average Variance F-ratio P-value F-critical df(between) df(within) 
        
Session1 MOS 3.28 0.13 43.94 0.00 3.87 1 380 
Session2 MOS 3.50 0.08      

Table 33: ANOVA result before discarding the subjects 
  

ANOVA was conducted on instantaneous MOS of both sessions after discarding 
the subjects. ANOVA revealed variations in the instantaneous MOS of both 
sessions but variations are comparatively less variations to which were found in 
the instantaneous MOS of both sessions before discarding the subjects. 

 
 Average Variance F-ratio P-value F-critical df(between) df(within) 
        
Session1 MOS 3.26 0.13 25.84 0.00 3.87 1 380 
Session2 MOS 3.43 0.09      

Table 34: ANOVA result after discarding the subjects 

This analysis gives indications that both sessions can be regarded to produce 
significantly different results according to ANOVA results 

5.6.4 Correlation results 

Pearson’s correlation coefficients were calculated between the 8 seconds 
instantaneous MOS averages of P.880, P.800 ACR and symbolic MOS. 8 
seconds instantaneous MOS averages are given in the following table. 
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Time[%] P.880 P.800 ACR SybmolicMOS 
8 3.32 4.30 5 
16 3.65 4.19 5 
24 3.72 4.42 5 
32 3.75 4.46 5 
40 3.62 3.69 3 
48 3.30 3.19 3 
56 2.91 3.46 3 
64 2.90 3.27 3 
72 3.10 4.31 5 
80 3.34 4.19 5 
86 3.50 4.5 5 
96 3.65 4.46 5 

Table 35: Eight second MOS averages of P.880, P.800 ACR and symbolic 
results 

Correlation results are shown in the following table. Pearson’s correlation 
coefficient is 0.65 which proves that P.880 and P.800 ACR scores are correlated 
with each other and not big difference found in both methods. 

 
 Quality profile 6 
Correlation (P.880,P.800 ACR) 0.65 
Correlation (P.880,SymbolicMOS) 0.52 
Correlation (P.800 ACR, SymbolicMOS) 0.96 

Table 36: Correlation results between P.880, P.800 ACR and symbolic MOS 

Figure 5.46 shows the P.880 and P.800 ACR averages of 8 seconds 
instantaneous MOS. It can be observed that solid curve is smoother. While 
dotted curve which represents instantaneous MOS from P.800 ACR is jumping 
between quality levels. However, P.880 curve does not reflect the quality 
changes. In this quality profile the speech quality varied from level 5 (Excellent) 
to level 3 (Fair). It seems that it was difficult for subjects to judge the quality 
variations from level 5 (Excellent) to level 3 (Fair). An explanation can be that it 
was difficult to distinguish these two quality levels. Therefore, it can be described 
as this quality profile was difficult for subjects to assess. It can also be observed 
that P.880 and P.800 ACR methods produced different results for the same 
quality profile.  
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Quality Profile 6: P.880 and P.800 ACR's 8 sec MOS average
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Figure 5.46 Eight second MOS averages of P.880 and P.800 ACR results                        

8 seconds instantaneous MOS averages of P.880 and P.800 ACR were also 
ranked in descending order to check difference in quality levels used during 
voting procedure for P.880 and P.800 ACR results. In the following Figure 5.47, 
ranked instantaneous MOS are drawn and P.800 ACR method produces higher 
MOS results than P.880 method.  
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Figure 5.47 P.880 and P.800 ACR results ranked in descending order 
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5.6.5 Overall MOS analysis 

The value 3.39 was obtained as an overall MOS judgment in P.880 test. While 
3.92 overall MOS value was obtained from P.800 ACR test method. In the 
following Figure 5.48, overall MOS values obtained from both methods are 
depicted. The 95% confidence interval can be seen as vertical lines on the top of 
the. The vertical lines are not overlapping. So, it can be stated that both methods 
produced different overall MOS for this quality profile. 
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Figure 5.48 Overall MOS of quality profile 6 
 
ANOVA was also used to check out the symmetry between the subjects overall 
MOS in both sessions. ANOVA proved that both sessions overall MOS belong to 
the same data set. No difference is found between two sessions. The ANOVA’s 
F-ratio (15, 16) = 1.63 which is lying under the F-critical = 2.35 (P < 0.17). 
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5.7 Quality profile 7 

5.7.1 General results 

This speech sequence represented one female talker extracted from full 
telephony conversation. It was build of 8 seconds speech segments run through 
radio channel simulator to create degraded to improved speech quality condition 
in speech sequence representing the phone call. Two quality levels 
corresponded to a radio transport channel condition with one interference 
distortion. Expected speech qualities are denoted (see Figure 5.49 below) as two 
MOS levels 1 (Bad) and 5 (Excellent). 

Figure 5.49 shows two curves. Solid curve represents the instantaneous MOS 
values calculated for every time point when subjects’ scores were collected. 
Thick dotted curve represents the expected speech quality level to be perceived 
by the subjects. This curve can be considered as symbolic description of the 
quality profile, which shows that the speech quality was Bad at the starting and 
increased to level 5 (Excellent). 

According to the symbolic description, speech quality was expected to be at level 
1 (Bad) during first 8 seconds. After 8 seconds the speech quality was increased 
to level 5 (Excellent) and remained constant until the end of the speech 
sequence. 
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Figure 5.49 Curves showing expected and calculated instantaneous MOS 
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In Figure 5.49, it can be seen that instantaneous MOS values reflected speech 
quality conditions behaviors i.e. increasing speech quality even if the highest 
expected quality condition was rated with MOS lower than 5. This was expected 
since AMR NB codec can not produce listening speech quality level MOS = 5. 
95% confidence interval can be seen as vertical lines around thick instantaneous 
MOS curve. 

The solid curve representing test results started from level 3 and getting down to 
level 1. It started at level 3 since subjects were instructed to move voting slider at 
the beginning of voting procedure. According to P.880 methodology, it is 
recommended to place the slider in the middle of the scale whenever a speech 
sequence starts. 

So, first 8 seconds’ segment does not show the real responses to the quality 
level changes. It is apparently the time period when subjects were trying to build 
their opinion about speech quality during the first 8 seconds. So, first 8 seconds’ 
segments should be ignored to avoid distortion in real MOS. A short delay in 
subjects’ response is also observed through the above figure. 

5.7.2 Screening subjects 

In this step, screening procedure was applied on the subjects’ results to be able 
to discard subjects that voted very differently from the other subjects. We 
adopted ITU-T’s recommended way to discard subjects. 

Figure 5.50 show the subjects instantaneous scores from first and second 
sessions. Vertical lines represent the double standard deviation. A thick curve 
represents a subject who is out of the double standard deviation range for ~10% 
of the total time. 
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Figure 5.50 Session 1’s instantaneous scores with double standard deviation 

 

Figure 5.51 show three thick curves which represent subjects who are out from 
the double standard deviation range for ~10% of the total time. These subjects 
were discarded from the further analysis.  
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Figure 5.51 Session 2’s instantaneous scores with double standard deviation 

Following Figure 5.52 shows the dotted and thick solid instantaneous MOS 
curves from both sessions before discarding the subjects. Subjects’ 
instantaneous MOS are higher in the second session. Confidence intervals are 
overlapping with each other which mean that subjects’ responses in both 
sessions are not much different. So, it could be stated that instantaneous MOS in 
both sessions reflect the same quality levels. 
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Figure 5.52 MOS curves with confidence interval before discarding the subjects 
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Following Figure 5.53 shows instantaneous MOS curves after discarding the 
subjects that were out from the double standard deviation. Instantaneous MOS 
curves are getting closer to each other though not significantly. Confidence 
interval is also overlapping which indicates that instantaneous MOS in both 
sessions reflect same data set. 
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Figure 5.53 MOS curves with confidence interval after discarding the subjects 

5.7.3 ANOVA results 

First ANOVA was applied on subject’s instantaneous quality scores. 

ANOVA revealed that subjects’ instantaneous scores are different significantly in 
both sessions. In first session, ANOVA results are; F-ratio (15, 3016) = 95.25 
which is greater than F-critical = 1.67 (P < 0.00). In second session, F-ratio (15, 
3020) = 84.37 which is also greater than F-critical = 1.67 (P < 0.00). 

After above ANOVA calculations, another ANOVA was run to detect whether 
some subjects can be grouped according to the factors like gender, level of 
expertise (e.g. audio or video experts) or sessions when test was performed (e.g. 
before or after lunch). 

In first session, 4 groups were detected in which 12 subjects were lying. 4 
subjects did not belong to any group. Group 1 consisted of 4 subjects, Group 2 
and Group 3 consisted of 3 subjects while Group 4 consisted of 2 subjects. In 
second session, 3 groups were detected. 11 subjects were lying in three groups 
while 5 subjects did not belong to any group. Group 1 consisted of 5 subjects, 
Group 2 and Group 3 consisted of 3 subjects. Subjects’ groups and ANOVA 
results are given in the following tables. 
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Session1      
 F-ratio P-value F-critical df(between) df(within) 
Group1 1.16 0.33 2.62 3 752 
Group2 2.50 0.08 3.01 2 564 
Group3 3.09 0.05 3.01 2 555 
Group4 0.21 0.65 3.87 1 378 

     Table 37: Subjects groups in session 1 and ANOVA results 

   
Session2      
 F-ratio P-value F-critical df(between) df(within) 
Group1 0.45 0.77 2.38 4 935 
Group2 2.87 0.06 3.01 2 564 
Group3 0.22 0.81 3.01 2 555 

  Table 38: Subjects groups in session 2 and ANOVA results 

By considering these results, it was not possible to find out the factor caused 
subjects separation into several groups. 

ANOVA was again conducted on the instantaneous MOS of both sessions. The 
results revealed comparatively less variations to individual subjects’ 
instantaneous scores. According to the ANOVA results, it could be stated that 
instantaneous MOS of both sessions are coming from the different data set. 

  
 Average Variance F-ratio P-value F-critical df(between) df(within) 
        
Session1 MOS 3.38 0.38 5.51 0.02 3.87 1 380 
Session2 MOS 3.54 0.46      
 

                                          Table 39: ANOVA result before discarding the subjects 
   

ANOVA was conducted on instantaneous MOS of both sessions after discarding 
the subjects. ANOVA results say that instantaneous MOS of both sessions belong 
to different data set. ANOVA results from second session are given in the following 
table. 

 
 Average Variance F-ratio P-value F-critical df(between) df(within) 
        
Session1 MOS 3.53 0.41 8.74 0.00 3.87 1 380 
Session2 MOS 3.74 0.57      
 
Table 40: ANOVA result after discarding the subjects 
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So analysis performed above gives indication that session 1 and 2 can be 
regarded to produce different results according to ANOVA results. 

  

5.7.4 Correlation results 

Pearson’s correlation coefficients were calculated between the 8 seconds 
instantaneous MOS averages of P.880, P.800 ACR and symbolic MOS. 8 
seconds instantaneous MOS averages are given in the following table.  

 
Time[%] P.880 P.800 ACR SybmolicMOS 
8 1.97 1.23 1 
16 2.61 4.38 5 
24 3.48 4.31 5 
32 3.55 4.38 5 
40 3.62 4.27 5 
48 3.68 4.50 5 
56 3.84 4.46 5 
64 3.83 4.46 5 
72 3.73 4.38 5 
80 3.79 4.69 5 
86 3.77 4.31 5 
96 3.70 4.62 5 

Table 41: Eight second MOS averages of P.880, P.800 ACR and Symbolic 
results. 

Correlation results are shown in the following Table 42. Pearson’s correlation 
results between P.880 and P.800 ACR is 0.27. 

 
 Quality profile 7 
Correlation (P.880,P.800 ACR) 0.27 
Correlation (P.880,SymbolicMOS) 0.82 
Correlation (P.800 ACR, SymbolicMOS) 0.99 

Table 42: Correlation results between P.880, P.800 ACR and SymbolicMOS 

Figure 5.54 shows the P.880 and P.800 ACR instantaneous MOS average of 8 
seconds. It can be noticed that the solid curve is more smooth and continuously 
moving up without jumping between the quality levels. On the other hand, P.800 
ACR‘s curve is slightly moving up and down. It is also shown in the figure that 
P.880 has produced different results from P.800 ACR method. 
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Figure 5.54 Eight second MOS averages of P.880 and P.800 ACR results 

The 8 seconds instantaneous MOS averages of P.880 and P.800 ACR were also 
ranked in descending order to check difference in quality levels used during 
voting procedure for P.880 and P.800 ACR results.  

In Figure 5.55 the ranked instantaneous MOS of P.880 and P.800 ACR are 
drawn. It is also very obvious in the figure that P.800 ACR results are higher than 
P.880 results. 
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Figure 5.55 P.880 and P.800 ACR results ranked in descending order 
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5.7.5 Overall MOS analysis 

For quality profile 7, the value 3.34 was obtained as an overall MOS judgment in     
P.880 test. While 3.28 overall MOS value was obtained from P.800 ACR test 
method. 

In the following Figure 5.56, overall MOS values obtained from both methods are 
depicted. The 95% confidence interval can be seen as vertical lines on the top of 
the pipes. The vertical lines are overlapping. So, it can be stated that both 
methods produced same overall MOS for this quality profile. 

P.800 ACR and P.880 overall MOS 
Comparison

1

2

3

4

5

1
Quality profile 7

M
O

S

P.800 ACR overall MOS

P.880 overall MOS

 
Figure 5.56 Overall MOS of quality profile 7 

ANOVA was also used to check out the symmetry between the subjects overall 
MOS in both sessions. ANOVA proved that both sessions overall MOS do not 
belong to the same data set. The ANOVA’s F-ratio (15, 16) = 3.89 which is not 
lying under the F-critical = 2.35 (P < 0.01). 

5.8 Quality profile 8 

5.8.1 General results  

This speech sequence represented one male talker extracted from full telephony 
conversation. The whole speech sequence was composition of 8 seconds 
speech segments. The speech segments run through radio channel simulator to 
create decreasing quality at the end of the sequence. Two quality levels 
corresponded to a radio transport channel conditions with one interference 
distortion. Expected speech qualities are denoted (see Figure 5.58 below) as two 
MOS levels 5 (Excellent) and 1 (Bad). 
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Figure 5.58 shows two curves. Solid curve represents the instantaneous MOS 
values calculated for every time point when subjects’ scores were collected. A 
thick dotted curve is representing the expected speech quality level to be 
perceived by the subjects. This curve can be considered as symbolic description 
of the quality profile, which shows that the expected speech quality was at level 5 
(Excellent). Speech quality remained at level 5 (Excellent) for 88 seconds. In the 
last segment, the speech quality was degraded to level 1 (Bad). Quality 
degradation duration was 8 seconds. 
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Figure 5.58 Curves showing expected and calculated instantaneous MOS 

In Figure 5.58, it can be noticed that instantaneous MOS values reflected speech 
quality condition behaviors i.e. stable quality until 88 seconds and than 
decreased quality in the last 8 seconds segment. It can also be noticed that the 
highest expected quality condition was rated with MOS lower than 5. This was 
expected because AMR NB codec can not produce listening speech quality level 
MOS = 5. 95% confidence interval can also be seen around the thick solid MOS 
curve. 

The solid curve is representing the test results started from level 3 (Good) and 
slightly getting up in the first 8 seconds segment. The test results started from 
level 3 because of the instruction given to the subjects. They were required to 
place the slider in the middle of the scale whenever a new speech sequence 
starts. So, first 8 second’s period should be ignored as stabilization period for 
voting procedure. An expected delay can also be seen when quality was 
degraded to level 1 (Bad). 
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In a subjective test conducted by France Telecom in December 2000, it was 
observed that for quality degradations subjects take around 10 to 20 seconds to 
reach the quality level. It was also expected that in P.880 subjective test, delay 
will be observed. If we look at the solid curve in Figure 5.58, delay can be 
observed. The delay duration is not from 10 to 20 seconds but approximately 4 
seconds. 

5.8.2 Screening subjects 

In this phase of analysis, screening procedure was applied to the subjects’ 
results to be able to discard subjects that voted very differently from the whole 
group of subjects. Therefore, we adopted ITU-T’s recommended way to discard 
subjects.  

Figures 5.58 and 5.59 show the subjects’ instantaneous scores from first and 
second sessions. Vertical lines represent the doubled standard deviation. A thick 
curve in Figure 5.58 represents a subject who is out of the range for ~10% of the 
total time. Figure 5.59 show the subjects’ instantaneous scores from second 
session. In second session, no subject is found who is out of the range for ~10% 
of the total time. 
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Figure 5.58 Session1’s instantaneous scores with double standard deviation 
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Session2 MOS with double standard deviation
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Figure 5.59 Session 2’s instantaneous scores with double standard deviation 

Figure 5.60 shows two curve, a dotted and a thick solid instantaneous MOS 
curves from both sessions before discarding the subjects. It can be observed 
that, subjects’ opinions in both sessions are quite similar. Confidence interval is 
represented with vertical lines around instantaneous MOS curves. Confidence 
intervals are also overlapping with each other which mean that subjects’ 
responses in both sessions are not much different. Therefore, it could be stated 
that the instantaneous MOS in both sessions reflect the same quality levels. 
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Figure 5.60 MOS curves with confidence interval before discarding the subjects 
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Figure 5.61 MOS curves with confidence interval after discarding the subjects 

Figure 5.61 shows the instantaneous MOS curves after discarding the subjects 
that were out from the double standard deviation range. Instantaneous MOS 
curves are getting close to each other but not significantly. Overlapping of 
confidence intervals indicate that instantaneous MOS of both sessions are 
coming from the same data set. 

5.8.3 ANOVA results 

First ANOVA was applied on subject’s instantaneous quality scores. 
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ANOVA revealed high variations in subjects’ instantaneous scores in both 
sessions. ANOVA results for first session are; F-ration (15, 3014) = 156.61 which 
is away from F-critical = 1.67 (P < 0.00). This indicates that subjects’ 
instantaneous scores belong to different data set. ANOVA results for second 
session are; F-ratio (15, 3008) = 159.56 which is greater than F-critical = 1.67 (P 
< 0.00). 

After above the ANOVA was run to detect whether some subjects can be 
grouped according to any of the following factors like gender, level of expertise 
(e.g. audio or video experts), sessions when test was performed (e.g. before or 
after lunch). 

In first session, 3 groups were detected. 9 subjects belonged to these groups 
while 7 subjects did not belong to any group. Group 1 consisted of 3 subjects, 
Group 2 consisted of 4 subjects and Group 3 consisted of 2 subjects.In second 
session, 4 groups were detected. 12 subjects belong to the 4 groups while 4 
subjects did not belong to any group. Group 1 consisted of 3 subjects, Group 2 
consisted of 4 subjects, Group3 consisted of 3 subjects and Group 4 consisted of 
2 subjects. Subjects groups in both sessions and their ANOVA results are given 
in the following tables. 

 
Session1      
 F-ratio P-value F-critical df(between) df(within) 
Group1 2,41 0,09 3,01 2 558 
Group2 1,76 0,15 2,62 3 744 
Group3 0,00 0,97 3,87 1 372 

Table 43: Subjects’ groups in Session 1 and ANOVA results 

 
Session2      
 F-ratio P-value F-critical df(between) df(within) 
Group1 2.32 0.10 3.01 2 567 
Group2 2.43 0.06 2.62 3 752 
Group3 0.80 0.45 3.01 2 558 
Group4 0.22 0.64 3.87 1 360 

Table 44: Subjects’ groups in Session 2 and ANOVA results 

According to ANOVA results it was not possible to find out a factor that caused 
subjects separation into several groups. 

ANOVA was also conducted on the instantaneous MOS calculated for session 1 
and 2 before discarding the subjects. It revealed that MOS of both sessions 
belong to a same data set, because F-ratio is lying under the F-critical range. 
ANOVA results are given in the following table.   
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 Average Variance F-ratio P-value F-critical df(between) df(within) 
        
Session1 MOS 3.56 0.17 0.99 0.32 3.87 1 380 
Session2 MOS 3.60 0.21      

Table 45: ANOVA results before discarding the subjects 

Another ANOVA was applied on the instantaneous MOS of both sessions after 
discarding the subjects. ANOVA says that instantaneous MOS of both sessions 
belong to same data set. The results are given in the following table. 

 
 Average Variance F-ratio P-value F-critical df(between) df(within) 
        
Session1 MOS 3.63 0.19 0.27 0.61 3.87 1 380 
Session2 MOS 3.60 0.21      

Table 46: ANOVA results after discarding the subjects 

So analysis performed above gives indication that session 1 and 2 can be 
regarded to produce same results according to ANOVA results. 

  

5.8.4 Correlation results 

Pearson’s correlation coefficients were calculated between the 8 seconds MOS 
averages of P.880, P.800 ACR and symbolic MOS. 8 seconds MOS averages 
are given in the following table.  

 
Time[%] P.880 P.800 ACR SybmolicMOS 
8 3.28 4.31 5 
16 3.51 4.19 5 
24 3.60 4.42 5 
32 3.64 4.46 5 
40 3.68 4.54 5 
48 3.80 4.50 5 
56 3.82 4.50 5 
64 3.75 4.38 5 
72 3.73 4.31 5 
80 3.74 4.19 5 
86 3.78 4.50 5 
96 2.55 1.42 1 

Table 47: Eight second MOS averages of P.880, P.800 ACR and Symbolic MOS 
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The correlation results are shown in Table 48. For quality profile 8, the correlation 
between P.880, P.800 ACR and symbolic MOS are greater than 0.91 which 
represents high correlation. Pearson’s correlation coefficient proves that P.880 
and P.800 ACR scores are highly correlated with each other and not big 
difference found in both methods. 

 
 Quality profile 8 
Correlation (P.880,P.800 ACR) 0.97 
Correlation (P.880,SymbolicMOS) 0.91 
Correlation (P.800 ACR, SymbolicMOS) 0.99 

Table 48: Correlation results between P.880, P.800 ACR, and symbolic MOS 

Figure 5.62 shows the P.880 and P.800 ACR MOS averages of 8 seconds. It can 
be noticed that the solid curve is more smooth and continuously moving up 
without jumping between the quality levels. P.880 produced different results from 
P.800 ACR method. 
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Figure 5.62 Eight second MOS averages of P.880, P.800 ACR results                        

The 8 seconds instantaneous MOS averages of P.880 and P.800 ACR were also 
ranked in descending order to check difference in quality levels used during 
voting procedure for P.880 and P.800 ACR results.  

In Figure 5.63 the ranked instantaneous MOS of P.880 and P.800 ACR are 
drawn. It is very obvious in the figure that P.800 ACR results are higher in 
general than P.880 results. 
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Quality Profile 8: P.880 and P.800 ACR's Ranked MOS
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Figure 5.63 P.880 and P.800 ACR results ranked in descending order 

5.8.5 Overall MOS analysis 

A 3.03 was obtained as an overall MOS judgment in P.880 test. While 3.23 
overall MOS value was obtained from P.800 ACR test method. In the following 
Figure 5.64, overall MOS values obtained from both methods are depicted. The 
95% confidence interval can be seen as vertical lines on the top of the pipes. The 
vertical lines are overlapping. So, it can be stated that both methods produced 
same overall MOS for this quality profile. 
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Figure 5.64 Overall MOS of quality profile 8 
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ANOVA was also used to check out the symmetry between the subjects overall 
MOS in both sessions. ANOVA proved that both sessions overall MOS do not 
belong to the same data set. The ANOVA’s F-ratio (15, 16) = 10.43 which is not 
lying under the F-critical = 2.35 (P < 0.00). 

5.9 Quality profile 9 

5.9.1 General results 

This speech sequence represented one male talker extracted from full telephony 
conversation. The speech sequence was built of 8 seconds speech segments run 
through radio channel simulator to create degraded to improved speech quality in 
the speech sequence represented a phone call. In this speech sequence two 
quality levels were introduced. These two quality level corresponded to a radio 
transport channel condition with two different interference distortions. Expected 
speech qualities are denoted (See Figure 5.65 below) as MOS levels 3 (Good) 
and 5 (Excellent). 

Following Figure 5.65 shows two curves. A solid curve represents the 
instantaneous MOS values calculated for every time point when subjects’ scores 
were collected. Thick dotted curve represents the expected speech quality level 
to be perceived by the subjects. This curve is considered as a symbolic 
description of the quality profile, which shows that the speech quality was at level 
3 (Good) in first 8 seconds segment. After first segment (first 8 sec), speech 
quality was increased to level 5 (Excellent). Speech quality remained on level 5 
(Excellent) until the end of the speech sequence. 
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Figure 5.65 Curves showing expected and calculated instantaneous MOS 
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It can be seen that instantaneous MOS values reflected speech quality conditions 
behaviors i.e. degraded to improved speech qualities even if the highest 
expected quality condition was rated with MOS lower than 5. This was expected 
since AMR NB codec can not produce listening speech quality level MOS = 5. 
95% confidence interval can be seen as vertical lines around thick MOS curve. 

The solid curve is representing the test results started from level 3 (Good) and 
getting down during first 8 seconds segment. The test results started from level 3 
because of the instruction given to the subjects (according to ITU 
recommendation). They were required to place the slider in the middle of the 
scale whenever a new speech sequence starts. So, first 8 second’s period should 
be ignored as stabilization period for voting procedure. An expected delay can 
also be seen when quality was increased to level 5 (Excellent). 

In a subjective test conducted by France Telecom in December 2000, it was 
observed that for quality improvements subjects take around 20 to 30 seconds to 
reach the quality level. It was also expected that in P.880 subjective test, delay 
will be observed. If we look at the solid curve in Figure 5.65, delay can be 
observed. The delay duration is not from 20 to 30 seconds but approximately 6 
seconds. 

5.9.2 Screening subjects 

ITU-T’s recommended way was adopted to discard the subjects who voted very 
differently from the whole group of the subjects. 

Figure 5.66 shows the subjects’ instantaneous scores from first session. Vertical 
lines represent the doubled standard deviation. A thick curve in Figure 5.66 
represents a subject who is out of the range for ~10% of the time.  
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Figure 5.66 Session 1’s instantaneous scores with double standard deviation 

In Figure 5.67, subjects’ instantaneous scores from session 2 are represented 
with curves. Vertical lines are representing the double standard deviation. Three 
thick curves can be seen which represent the subjects who are out of the double 
standard deviation range for ~10% of the total time.  
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Figure 5.67 Session 2’s instantaneous scores with double standard deviation 

Figure 5.68 shows the dotted and thick solid instantaneous MOS curves from 
both sessions before discarding the subjects. In Figure 5.68, a different curves 
behavior can be observed that instantaneous MOS values are higher in first 
session. We saw in previous quality profiles that subjects’ instantaneous MOS 
values are higher in second session.  The confidence intervals represented with 
vertical lines. They are overlapped which means that subjects’ response in both 
sessions are not much different. Therefore, it could also be stated that the 
instantaneous MOS in both sessions are close to each other and reflect the same 
quality levels. 
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Figure 5.68 MOS curves with confidence interval before discarding the subjects 

Figure 5.69 shows the instantaneous MOS curves after discarding the subjects 
that were out from the double standard deviation range. Subjects’ instantaneous 
MOS results are still higher in first session. Confidence intervals overlap, which 
indicate that MOS in both sessions are coming from the same data set. 
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Figure 5.69 MOS curves with confidence interval after discarding the subjects 

 

 

5.9.3 ANOVA results 

First ANOVA was applied on subject’s instantaneous quality scores. 

By applying ANOVA, very high variations between subjects’ instantaneous 
scores were found in both sessions. In first session, F-ratio (13, 3017) = 204.13 
and F-critical = 1.67 (P < 0.00) are obtained. In second session, F-ratio (15, 
3020) = 187.98 which is greater than F-critical = 1.67 (P < 0.00), which indicate 
that individual subjects’ instantaneous scores belong to different data sets e.g. 
different subjective opinions. 

After above the ANOVA was run to detect whether some subjects can be 
grouped according to any of the following factors like gender, level of expertise 
(e.g. audio or video experts), sessions when test was performed (e.g. before or 
after lunch). 

In first session, total 3 groups were formalized. 9 subjects belonged to 3 groups 
while 7 subjects did not belong to any group. Group 1 consisted of 3 subjects, 
Group 2 consisted of 4 subjects and Group 3 consisted of 2 subjects. In second 
session, four groups were detected. 9 subjects belonged to these four groups. 
Group 1 consisted of 2 subjects; Group 2 consisted of 3 subjects while Group 3 
and Group 4 consisted of 2 subjects. Also 7 subjects did not belonged to any 
group in second session. Subjects’ groups and ANOVA results are given in the 
following tables. 
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Table 49: Subjects’ groups in session 1 and ANOVA results 

 
Session2      
 F-ratio P-value F-critical df(between) df(within) 
Group1 0.88 0.35 3.87 1 378 
Group2 2.24 0.11 3.01 2 555 
Group3 0.01 0.94 3.87 1 376 
Group4 1.37 0.24 3.87 1 376 

Table 50: Subjects’ groups in session 2 and ANOVA results 

Above ANOVA results did not find any factor that caused subjects separation into 
several groups. 

ANOVA was also conducted on the instantaneous MOS calculated for session 1 
and 2 before discarding the subjects. It revealed comparatively less variations to 
individual subjects’ instantaneous scores. ANOVA results are given as follows: 

 
 Average Variance F-ratio P-value F-critical df(between) df(within) 
        
Session1 MOS 3.56 0.11 14.67 0.00 3.87 1 380 
Session2 MOS 3.43 0.12      

Table 51: ANOVA results before discarding the subjects 

ANOVA was conducted on instantaneous MOS of both sessions after discarding 
the subjects. According to ANOVA results, instantaneous MOS of both sessions 
do not belong to a same data set. 

 
 Average Variance F-ratio P-value F-critical df(between) df(within) 
        
Session1 MOS 3.67 0.13 11.92 0.00 3.87 1 380 
Session2 MOS 3.54 0.13      

Table 52: ANOVA results after discarding the subjects 
 

Session1      
 F-ratio P-value F-critical df(between) df(within) 
Group1 2.38 0.09 3.01 2 561 
Group2 1.00 0.39 2.62 3 744 
Group3 1.52 0.22 3.87 1 374 
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So, session 1 and 2 can be regarded to produce significantly different results 
according to ANOVA results. 

5.9.4 Correlation results 

Pearson’s correlation coefficients were calculated between the 8 seconds 
instantaneous MOS averages of P.880, P.800 ACR and symbolic MOS. 8 
seconds instantaneous MOS averages are given in the following table.  

 
Time[%] P.880 P.800 ACR SybmolicMOS 
8 2.81 2.69 3 
16 2.87 4.19 5 
24 3.43 4.42 5 
32 3.55 4.46 5 
40 3.70 4.54 5 
48 3.77 4.50 5 
56 3.68 4.50 5 
64 3.58 4.38 5 
72 3.59 4.31 5 
80 3.61 4.19 5 
86 3.67 4.50 5 
96 3.68 4.46 5 

Table 53: Eight second MOS averages of P.880, P.800 ACR and symbolic MOS 

 
 Quality profile 9 
Correlation (P.880,P.800 ACR) 0.65 
Correlation (P.880,SymbolicMOS) 0.68 
Correlation (P.800 ACR, SymbolicMOS) 0.97 

Table 54: Correlation results between P.880, P.800 ACR and symbolic MOS 

The correlation results are shown in above Table 54. Pearson’s correlation 
between P.880, P.800 ACR and symbolic MOS are greater than 0.65 which 
represents high correlation. Pearson’s correlation coefficient proves that P.880 
and P.800 ACR scores are highly correlated with each other and not big 
difference found in both methods. 

Figure 5.70 shows the P.880 and P.800 ACR instantaneous MOS average of 8 
seconds, and if the first 8 seconds segment is discarded then it can be noticed 
that the solid curve is more smooth and stable. While dotted curve is moving up 
the end of the speech sequence. P.880 results are different from P.800 ACR 
method. 
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Figure 5.70 Eight seconds averages P.880, P.800 ACR and symbolic MOS 

The 8 seconds instantaneous MOS averages of P.880 and P.800 ACR were also 
ranked in descending order to check difference in quality levels used during 
voting procedure for P.880 and P.800 ACR results.  

In Figure 5.71 the ranked instantaneous MOS of P.880 and P.800 ACR are 
drawn. It is obvious in the figure that P.800 ACR results are higher than P.880 
results. 
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Figure 5.71 P.880 and P.800 ACR results ranked in descending order 
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5.9.5 Overall MOS analysis 

For this quality profile, the value 3.56 was obtained as an overall MOS judgment 
in P.880 test. While 3.92 overall MOS value was obtained from P.800 ACR test 
method. In the following Figure 5.72, overall MOS values obtained from both 
methods are depicted. The 95% confidence interval can be seen as vertical lines 
on the top of the pipes. The vertical lines are overlapping but not significantly. 
However, it can be stated that both methods produced approximately same 
overall MOS for this quality profile. 
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Figure 5.72 Overall MOS of quality profile 9 

ANOVA was also used to check out the symmetry between the subjects overall 
MOS in both sessions. ANOVA says that both sessions overall MOS do not 
belong to the same data set. The ANOVA’s F-ratio (15, 14) = 6.78 which is 
greater than F-critical = 2.46 (P < 0.00). 

5.10 Quality profile 10 

5.10.1 General results 

The speech sequence represented a female talker extracted from full telephony 
conversation. The speech sequence was build of 8 seconds speech segments. 
The speech segments run through a radio channel simulator to create decreased 
quality in the end of the speech sequence. The speech sequence represented a 
phone call. Two different quality levels corresponded to a radio transport channel 
condition with two interference distortion. The expected speech qualities are 
denoted (see Figure 5.73 below) as MOS levels 5 (Excellent) and 3 (Good). 
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Two curves can be seen in the following Figure 5.73. A solid curve represents the 
MOS values calculated for every time point when subjects’ scores were collected. 
A thick dotted curve represents the expected speech quality level to be perceived 
by the subjects. This curve can be considered as a symbolic description of the 
quality profile, which shows that speech quality was at level 5 (Excellent) for 88 
seconds. After 88 seconds, the speech quality was degraded to level 3 (Good). 
The duration of quality degradation was 8 seconds. 
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Figure 5.73 Curves showing expected and calculated instantaneous MOS  

In Figure 5.73, solid curve represents the instantaneous MOS values reflected 
speech quality condition behaviors i.e. stable speech quality in 88 seconds and 
than degraded quality in the last speech segment even if the highest expected 
quality condition was rated with MOS lower than 5. This was expected since 
AMR NB codec can not produce listening speech quality level MOS = 5. The 
95% confidence interval can be seen as vertical lines around thick MOS curve. 

 

The solid curve representing test results started from level 3 and getting up to 
level 4. It started at level 3 since subjects were instructed to move voting slider at 
the beginning of voting procedure.  

It is recommended in P.880 methodology to place the slider in the middle of the 
scale whenever a speech sequence starts. So, subjects instantaneous MOS 
show that when quality profile was played out the slider position was set to the 
middle of the scale and they moved the slider to the played quality level when it 
was perceived.  
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So, first 8 second’s segment does not show the real responses to the quality 
level changes. It is apparently time period when subjects were trying to build an 
opinion about speech quality during the first 8 seconds. Therefore, the first 8 
second’s period should be ignored as stabilization period for voting procedure. 

5.10.2 Screening subjects 

In this phase, a screening procedure was applied on the subjects’ results. The 
purpose was to discard the subjects who voted very differently from the other 
subjects. So, we adopted ITU-T’s recommended way to discard subjects. 

Figures 5.74 and 5.75 show the subjects’ instantaneous scores from first and 
second sessions. Vertical lines represent the doubled standard deviation. Two 
thick curves in Figure 5.74 represent those subjects who are out of the range for 
~10% of the time.  

Session1 MOS with double standard deviation

1

1,5

2

2,5

3

3,5

4

4,5

5

0 8 16 24 32 40 48 56 64 72 80 88

Time [sec]

M
O

S

Subject1
Subject2

Subject3
Subject4
Subject5
Subject6

Subject7
Subject8
Subject9

Subject10
Subject11
Subject12

Subject13
Subject14
Subject15
Subject16

Avg
 

Figure 5.74 Session 1’s instantaneous scores with double standard deviation 

In second session, only one subject’ curves is out of the range for ~10% of the 
total time. A thick curve can be seen in the following Figure 5.75. 
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Figure 5.75 Session 2’s instantaneous scores with double standard deviation 

Figure 5.76 shows the dotted and thick solid instantaneous MOS curves from 
both sessions before discarding the subjects. It can be observed that subjects’ 
opinions are slightly higher in session 1. The confidence intervals represented 
with vertical lines. They are overlapped which means that subjects’ response in 
both sessions are not much different. Therefore, it could also be stated that the 
instantaneous MOS in both sessions are close to each other and reflect the same 
quality levels. 

Quality profile10's MOS of both session with confidence interval(before 
discarding)

1

2

3

4

5

0 8 16 24 32 40 48 56 64 72 80 88
Time [sec]

M
O

S

Session1MOS
Session2MOS

 

Figure 5.76 MOS curves with confidence interval before discarding the subjects 
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Figure 5.77 shows the instantaneous MOS curves after discarding the subjects 
that were out from the double standard deviation range. Subjects’ instantaneous 
MOS results are still higher in first session. Confidence intervals overlap, which 
indicate that instantaneous MOS in both sessions are reflecting the same quality 
levels. 
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Figure 5.77 MOS curves with confidence interval after discarding the subjects 

5.10.3 ANOVA results 

First ANOVA was applied on subject’s instantaneous quality scores. 

ANOVA results revealed high variation in subjects’ instantaneous scores in both 
sessions. In first session, F-ratio (15, 3003) = 446.79 which is greater than F-
critical = 1.67 (P < 0.00). In second session, F-ratio (15, 3024) = 426.26 is still 
greater than F-critical = 1.67 (P < 0.00).  

Another ANOVA was run to detect whether some subjects can be grouped 
according to the factor like gender, level of expertise (e.g. audio or video experts) 
and session when test was performed (e.g. before of after lunch). 

In first session, total 4 groups were detected in which 9 subjects belonged. 7 
subjects did not belong to any of the 4 groups. 3 subjects belonged to Group 1, 
while Group 2, Group 3 and Group 4 consisted of 2 groups in each group. In 
second session, only two groups were formalized. 12 subjects did not belong to 
any of these 2 groups. Group 1 and Group 2 consisted of 2 subjects per group. 

No factors were found that caused subjects separation into several groups. 
Subjects’ groups in both session and their ANOVA results are given in the 
following tables.  
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Session1      
 F-ratio P-value F-critical df(between) df(within) 
Group1 0.36 0.70 3.01 2 525 
Group2 3.03 0.08 3.87 1 380 
Group3 0.01 0.94 3.87 1 380 
Group4 0,00 0,95 3,87 1 378 

Table 55: Subjects’ groups in session 1 and ANOVA results 

 
Session2      
 F-ratio P-value F-critical df(between) df(within) 
Group1 1.68 0.20 3.87 1 378 
Group2 0.00 0.96 3.87 1 378 

Table 56: Subjects’ groups in session 2 and ANOVA results 

ANOVA was also conducted on the instantaneous MOS calculated for session 1 
and 2 before discarding the subjects. It revealed comparatively less variations to 
individual subjects’ instantaneous scores. But MOS of both sessions still belong 
to different data set. Results are given in the following table. 

 
 Average Variance F-ratio P-value F-critical df(between) df(within) 
        
Session1 MOS 3.69 0.04 23.09 0.00 3.87 1 380 
Session2 MOS 3.59 0.05      

Table 57: ANOVA results before discarding the subjects 

ANOVA was also conducted on instantaneous MOS of both sessions after 
discarding the subjects. Still F-ratio is greater than F-critical, so it can be stated 
that MOS of both session belong to different data set. 

 
 Average Variance F-ratio P-value F-critical df(between) df(within) 
        
Session1 MOS 3.82 0.05 71.98 0.00 3.87 1 380 
Session2 MOS 3.63 0.04      

Table 58: ANOVA results after discarding the subjects 
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5.10.4 Correlation results 

Pearson’s correlation coefficients were calculated between the 8 seconds MOS 
averages of P.880, P.800 ACR and symbolic MOS. 8 seconds MOS averages 
are given in the following table. 

  
Time[%] P.880 P.800 ACR SybmolicMOS 
8 3.28 4.54 5 
16 3.65 4.38 5 
24 3.71 4.31 5 
32 3.71 4.38 5 
40 3.67 4.27 5 
48 3.71 4.50 5 
56 3.74 4.46 5 
64 3.73 4.46 5 
72 3.71 4.38 5 
80 3.74 4.69 5 
86 3.70 4.31 5 
96 3.21 3.00 3 

Table 59: Eight second MOS averages of P.800, P.800 ACR and symbolic MOS 

 
 Quality profile 10 
Correlation (P.880,P.800 ACR) 0.98 
Correlation (P.880,SymbolicMOS) 0.73 
Correlation (P.800 ACR, SymbolicMOS) 0.96 

Table 60: Correlation results between P.880, P.800 ACR and symbolic MOS 

The correlation results are shown in above Table 60. Pearson’s correlation 
between P.880, P.800 ACR and symbolic MOS are greater than 0.73 which 
represents high correlation. Pearson’s correlation coefficient proves that P.880 
and P.800 ACR scores are highly correlated with each other and not big 
difference found in both methods. 

Figure 5.78 shows the P.880 and P.800 ACR instantaneous MOS average of 8 
seconds. If ignore the first 8 seconds’ segment than it can be noticed that the 
solid curve is more smooth and stable during first 88 seconds while dotted curve 
is jumping between the quality levels. It is obvious that P.880 results are different 
from P.800 ACR method results that are higher. 
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Quality Profile 10: P.880 and P.800 ACR's 8 sec MOS average
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Figure 5.78 Eight second averages of P.800 and P.800 ACR results                        

The 8 seconds instantaneous MOS averages of P.880 and P.800 ACR were also 
ranked in descending order to check difference in quality levels used during 
voting procedure for P.880 and P.800 ACR results.  

In Figure 5.79 the ranked instantaneous MOS of P.880 and P.800 ACR are 
drawn. It can also be seen that P.800 ACR results are higher than P.880 results. 
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Figure 5.79 P.880 and P.800 ACR results ranked in descending order 
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5.10.5 Overall MOS analysis 

For this quality profile, the value 3.47 was obtained as an overall MOS judgment 
in P.880 test. While 3.81 overall MOS value was obtained from P.800 ACR test 
method.  

In the following Figure 5.80, overall MOS values obtained from both methods are 
depicted. The 95% confidence interval can be seen as vertical lines on the top of 
the pipes. The vertical lines are overlapping. So, it can be stated that both 
methods produced same overall MOS for this quality profile. 
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Figure 5.80 Overall MOS of quality profile 10 

ANOVA was also used to check out the symmetry between the subjects overall 
MOS in both sessions. According to ANOVA, it could be stated that overall MOS 
of both session do not belong to the same data set. The ANOVA’s F-ratio (15, 
16) = 6.73 which is away from the F-critical = 2.35 (P < 0.00). 
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6 Results and comparison 

6.1 Comparison between P.880 and P.800 ACR results 

Here, the comparison between P.880 and P.800 ACR’s instantaneous and 
overall MOS is conducted.  

6.1.1 Comparison between instantaneous MOS 

Eight seconds MOS averages are calculated to be able to conduct a comparison 
with P.800 ACR’s MOS since 8 seconds sequences were used in the P.800 ACR 
test and the quality remains constant during these time interval. In the following 
figures, P.880, P.800 ACR and symbolic MOS are drawn for all quality profiles. 

Each figure contains three curves. A blue solid curve represents 8 seconds’ 
average of instantaneous MOS obtained from P.880 method. A pink dotted curve 
with triangles represents instantaneous MOS obtained from P.800 ACR method. 
A black dotted curve with circles represents symbolic MOS. Symbolic MOS 
represents expected results to be perceived from the subjects. 
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 Figure 6.1 Quality profile 1 
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Quality Profile 2: P.880, P.800 ACR and Symbolic MOS

1

2

3

4

5

0 8 16 24 32 40 48 56 64 72 80 88 96
Time [sec]

M
OS

P.880 MOS P.800 ACR MOS SymbolicMOS

 

Figure 6.2 Quality profile 2 

Quality Profile 3: P.880, P.800 ACR and Symbolic MOS
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Figure 6.3 Quality profile 3 
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Figure 6.4 Quality profile 4 
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Quality Profile 5: P.880, P.800 ACR and Symbolic MOS
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Figure 6.5 Quality profile 5 

Quality Profile 6: P.880, P.800 ACR and Symbolic MOS
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Figure 6.6 Quality profile 6 

Quality Profile 7: P.880, P.800 ACR and Symbolic MOS
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Figure 6.7 Quality profile 7 
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Quality Profile 8: P.880, P.800 ACR Symoblic MOS
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Figure 6.8 Quality profile 8 

Quality Profile 9: P.880, P.800 ACR Symoblic MOS
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Figure 6.9 Quality profile 9 

Quatliy Profile 10: P.880, P.800 ACR Symoblic MOS
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Figure 6.10 Quality profile 10 
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By considering all above figures, it can be observed that pink dotted curves which 
represent P.800 ACR scores are higher than blue thick curves which represent 
P.880 scores. One reason of higher scores of P.800 ACR method could be the 
listeners (subjects) expertise level. All subjects were naïve listeners who 
participated in subjective test according to P.800 ACR method while experts (e.g. 
audio or video experts) participated in the subjective test according to P.880 
method.  

Naïve listeners have common listening experience of real telephonic calls. The 
experts were the subjects who had previously participated in subjective listening 
test and had been working with audio and video processing. Therefore, it can be 
expected that experts would be more critical in order to give their quality 
judgments. 

It can also be observed that P.880 and P.800 ACR’s instantaneous MOS are 
different in all quality profiles. If P.880’s results would be same as P.800 ACR 
results, than we could state that there is no need to use a new methodology for 
subjective testing. 

P.800 ACR methodology could be used to assess the speech quality by dividing 
long speech sequences into short segments (~8 seconds).  But the differences in 
results support a fact that there is a need of methodology which can be used to 
assess the speech quality of long speech sequences (~45 seconds to ~3 
minutes) which contain quality fluctuations. It can be also noticed that, the results 
obtained from P.880 method are smoother than the results obtained from P.800 
ACR method.  

6.1.2 Comparison between overall MOS 

In this section, a comparison between P.880 and P.800 ACR’s overall MOS is 
conducted. Overall MOS values obtained from both methods are given in the 
following Table 1. 

 
P.800 ACR 
overall MOS 

Standard 
deviation 

Confidence 
interval 

P.880 overall 
MOS 

Standard 
deviation 

Confidence 
interval 

Quality profile1 2.23 0.65 0.25 2.56 0.63 0.22 
Quality proflie2 1.88 0.65 0.25 2.43 0.55 0.19 
Quality profile3 4.31 0.74 0.28 3.78 0.55 0.19 
Quality profile4 2.96 0.87 0.33 2.97 0.63 0.22 
Quality profile5 2.32 0.75 0.29 2.43 0.50 0.17 
Quality profile6 3.92 0.84 0.32 3.39 0.56 0.19 
Quality profile7 3.28 0.74 0.29 3.34 0.66 0.23 
Quality profile8 3.23 0.71 0.27 3.03 0.63 0.22 
Quality profile9 3.92 0.64 0.25 3.56 0.52 0.19 
Quality profile10 3.81 0.69 0.27 3.47 0.63 0.22 

Table 1: P.880 and P.800 ACR’s overall MOS 
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Overall MOS values obtained from P.880 and P.800 ACR methods are drawn in 
the following Figure 6.11. 
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Figure 6.11 P.880 and P.800 ACR’s overall MOS 

It can be seen that in most of the quality profiles the P.800 ACR’s overall MOS 
values are higher than P.880’s overall MOS values. 95% confidence intervals 
were calculated which can be seen as vertical lines on the top of the pipes. In 
most of the quality profiles, the confidence intervals are overlapping, which 
indicate that overall MOS obtained from both methods are not much different. It 
can also be seen that in some quality profiles the 95% confidence intervals do 
not overlap which indicate that overall quality assessments depended on the 
quality profiles’ properties and used test method.  
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6.2 Comparison of P.880’s results 

6.2.1 Comparison between P.880’s instantaneous and overall MOS 

 To be able to make a comparison between overall MOS and instantaneous MOS, 
a single (scalar) value is calculated of instantaneous MOS by averaging 
instantaneous MOS values over all time points. 

In the following Table 2, overall MOS and average of instantaneous MOS with 
standard deviation and confidence intervals are given. 

 

 Overall MOS 
Standard 
deviation 

Confidence 
interval 

Instantaneous 
MOS average 

Standard 
deviation 

Confidence 
interval 

Quality profile1 2.56 0.63 0.22 2.45 0.74 0.11 
Quality proflie2 2.43 0.55 0.19 2.91 0.70 0.10 
Quality profile3 3.78 0.55 0.19 3.76 0.17 0.02 
Quality profile4 2.97 0.63 0.22 2.90 0.15 0.02 
Quality profile5 2.43 0.50 0.17 2.70 0.60 0.08 
Quality profile6 3.39 0.56 0.19 3.39 0.31 0.04 
Quality profile7 3.34 0.66 0.23 3.46 0.65 0.09 
Quality profile8 3.03 0.63 0.22 3.58 0.44 0.06 
Quality profile9 3.56 0.52 0.19 3.49 0.34 0.05 
Quality profile10 3.47 0.63 0.22 3.63 0.23 0.03 

Table 2: Overall and average of instantaneous MOS for all quality profiles 

In Figure 6.12 (below), overall and average of instantaneous MOS are drawn. 
The 95% confidence interval can be seen as vertical lines on the top of each 
pipe.  
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P.880's overall MOS and Average of instantaneous MOS
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Figure 6.12 Instantaneous and overall MOS comparison 

This comparison is conducted to know whether it is possible to predict overall 
MOS from instantaneous MOS as average value.  

In Figure 6.12, if we look at quality profile 1’s pipes, overall MOS and average of 
instantaneous MOS are not significantly different. Confidence interval can be 
seen as vertical lines on the top of each pipe. Confidence intervals are 
overlapping which indicate that overall MOS and average of instantaneous MOS 
are not much different. Quality profile 2’s pipes are significantly different. 
Confidence intervals do not overlap, which is an indication that overall MOS and 
average of instantaneous MOS are different.  

In quality profile 1, the speech quality was increasing from start to end. The level 
of quality improvement was from 1 (Bad) to 5 (Excellent).  While in quality profile 
2, speech quality was decreasing from start to end. The level of quality 
degradation was from 5 (Excellent) to 1 (Bad). It can be stated that overall MOS 
can not be predicted from instantaneous MOS for those quality profiles in which 
speech quality changes continuously from start to end. 

Quality profile 3 and quality profile 4 represent constant speech quality. In quality 
profile, the level of speech quality was 5 (Excellent). In quality profile 4, the level 
of speech quality was 3 (Fair). If we look at the pipes representing quality profile 
3 and quality profile 4, it can be stated that overall MOS and average of 
instantaneous MOS are same. Confidence intervals are also overlapping. So, it 
can be concluded that, overall MOS can be predicted from instantaneous MOS 
for those speech sequences (or their parts) in which speech quality remains 
constant. 
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In quality profile 5, speech quality was degraded for two times in whole speech 
sequence. The level of speech quality was 4 (Good) and speech quality was 
degraded to level 1 (Bad). The quality degradation duration was 8 seconds. After 
degradation the speech quality was improved to its previous level. If we look at 
quality profile 5’s pipes, the overall MOS and average of instantaneous MOS 
pipes are not equal. The pipes indicate that overall MOS and average of 
instantaneous MOS are different. Confidence intervals do not overlap which also 
say that overall and instantaneous MOS are different. Therefore, as a conclusion 
it could be stated that it is not possible to predict overall MOS from instantaneous 
MOS for quality profiles similar to profile 5. 

In quality profile 6, the speech quality was degraded for one time during the 
whole speech sequence. The level of speech quality before degradation was 5 
(Excellent). When quality was degraded the level of speech quality was 3 (Fair). 
After quality degradation, the speech quality was improved to its previous level 
(Excellent). The duration of quality degradation was 32 seconds. If we look at the 
pipes, it can be observed that overall MOS and average of instantaneous MOS 
are not much different. The overall MOS and average of instantaneous MOS can 
be considered as same. Confidence interval is overlapping which also indicate 
that both MOS are same. So, it can be described that, it is possible to predict 
overall MOS from instantaneous MOS for quality profiles in which speech quality 
degrades for one time from level 5 (Excellent) to level 3 (Fair) and after 
degradation the speech quality improves to its previous level. 

However, it has also been observed that P.880 results do not reflect the quality 
changes of profile 6. According to the instantaneous results (depicted in Figure 
5.41), it seems that, the speech quality assessment was difficult for subjects 
when quality varies from level 5 (Excellent) to level 3 (Fair). An explanation could 
be that the quality variations were not intensive and subjects could not judge the 
quality variations which occur between level 5 (Excellent) and level 3 (Fair). 

In above figure, if we look at the pipes of quality profile 7 and quality profile 9, it 
can be seen that overall MOS and average of instantaneous MOS are not much 
different and confidence intervals overlap. This indicates that overall and average 
of instantaneous MOS can be considered to be the same.  

In quality profile 7, the speech quality was at level 1 (Bad) in the starting. After 8 
seconds’ degradation the speech quality was improved to level 5 (Excellent). In 
quality profile 9, the speech quality was at level 3 (Fair) in the starting. After 8 
seconds’ degradation the speech quality was improved to level 5 (Excellent). 
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If we notice, in both quality profiles the speech quality was improved to level 5 
(Excellent) after 8 seconds’ degradation in first segment. In both quality profiles, 
the speech quality remained constant after first segment. So, as a conclusion it 
could be stated that overall MOS can be predicted from average of instantaneous 
MOS for such quality profiles in which degradations exist in the beginning of the 
speech sequence. Another explanation can be that existence of only one and 
short distortion during a long time can be comparable to a constant quality 
condition. The distortion at the beginning of the speech sequence is forgotten at 
the end due to human memory limitations.  

The pipes which represent quality profile 8 and quality profile 10, indicates that 
overall MOS and average of instantaneous MOS are different. Confidence 
intervals do not overlap. So, overall MOS and average of instantaneous MOS 
can be considered as different.  

In quality profile 8, the speech quality was at level 5 (Excellent). In last 8 
seconds’ segment, speech quality was degraded to level 1 (Bad). So, the 
degradation was at the end of the speech sequence and duration was 8 seconds. 
In quality profile 10, the speech quality was also at level 5 (Excellent). In the last 
8 seconds’ segment, speech quality was degraded to level 3 (Fair). Also the 
degradation was at the end of the speech sequence and the duration was 8 
seconds. 

In both quality profiles, the speech quality was degraded at the end of speech 
sequences. Before degradations, the speech quality was at level 5 (Excellent) 
and remained constant. As a conclusion, it could be stated that it is not possible 
to predict overall MOS from average of instantaneous MOS for such quality 
profiles in which speech quality degrades at the end of speech sequence. Such 
placement of degradation affects subjective perception. It remains in short 
memory of subjects during overall judgment procedure and therefore affects 
overall judgment since.  

6.2.2 Comparison between P.880’s overall MOS of both sessions 

Overall MOS values obtained in both sessions are given in the following Table 3. 

 

 

 

 

 

 
Session 1’s 
overall MOS 

Standard 
deviation 

Confidence 
interval 

Session 2’s 
overall MOS 

Standard 
deviation 

Confidence 
interval 

Quality profile1 2.86 0.62 0.30 2.26 0.49 0.24 
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Quality proflie2 2.61 0.54 0.26 2.24 0.52 0.25 
Quality profile3 3.96 0.57 0.28 3.61 0.48 0.24 
Quality profile4 3.01 0.66 0.32 2.93 0.62 0.30 
Quality profile5 2.46 0.52 0.25 2.39 0.49 0.24 
Quality profile6 3.56 0.60 0.29 3.23 0.48 0.24 
Quality profile7 3.43 0.73 0.36 3.26 0.59 0.29 
Quality profile8 3.09 0.67 0.33 2.97 0.60 0.29 
Quality profile9 3.56 0.55 0.28 3.57 0.51 0.26 
Quality profile10 3.38 0.65 0.32 3.56 0.62 0.30 

Table 3: Overall MOS of both sessions with standard deviation and confidence 
interval 

In the following Figure 6.13, both sessions’ overall MOS values are drawn. 95% 
confidence intervals are also calculated which can be seen as vertical lines on 
the top of the pipes. It can be observed that, overall MOS values are higher in the 
first session for all quality profiles. Confidence intervals of both sessions are 
overlapping which means that overall MOS in both sessions can be considered 
as same. 
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Figure 6.13 Comparison of overall MOS of both sessions 

Only in quality profile 1, the overall MOS values in both sessions are significantly 
different from each other. Confidence interval does not overlap which indicates 
different overall MOS in both sessions. 
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6.3 Comparison between quality profiles 

The purpose of this comparison was to identify the effects of male and female 
voice’s speech sequences in P.880 and P.800 ACR methods.  For each quality 
profile, averages of 8 second’s instantaneous MOS were ranked in descending 
order. The ranked instantaneous MOS values of P.880 and P.800 ACR are 
drawn on the graph to analyze the differences of quality behaviors in both 
methods.  

6.3.1 Comparison between quality profile 1 and quality profile 2 

In Figure 6.14, two curves are shown which represent the ranked instantaneous 
MOS obtained from P.880 method. A thick solid curve represents quality profile 1 
while a thick dotted curve represents quality profile 2.  

According to the previous tests, it was observed that speech sequences in male 
voice were rated with higher MOS than the speech sequences in female voice.  
In P.880 subjective test, it was also expected that speech sequences in male 
voice would be rated with higher MOS. 

As it is mentioned earlier that quality profile 1 represented a female talker 
extracted from a telephonic conversation while quality profile 2 represented a 
male talker. In Figure 6.14, it can be seen that quality profile 2 was rated with 
higher MOS even though profile 2 has the descending quality property and ends 
with the lowest quality level while profile 1 start with the lowest and ends with the 
highest. 
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Figure 6.14 Eight seconds instantaneous MOS averages 
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If we compare the quality profile 1 and quality profile 2’s overall MOS obtained 
from P.880 method, recency effect can be observed. Recency effect can be 
described as most recent changes in media quality could be remembered easily 
by human memory. Therefore, quality changes which exist at the end of speech 
sequences affect the overall quality judgment. If speech quality is higher 
(Excellent) at the end of speech sequences than overall MOS will also be higher. 
If speech quality is lower (Bad) at the end of speech sequences than overall 
MOS will be lower.  

The value 2.56 as overall MOS obtained for quality profile 1 while 2.43 value 
obtained for quality profile 2. In quality profile 1, the speech quality was 
“Excellent” at the end of the speech sequence. That also affected the overall 
quality judgment. In quality profile 2, the speech quality was “Bad” at the end of 
the speech sequence which affected the overall quality judgment as lower than 
overall quality judgment for quality profile 1. 

In following Figure 6.15, two curves are shown which represent the ranked 
instantaneous MOS obtained from P.800 ACR method. A thick solid curve 
represents quality profile 1 while a thick dotted curve represents quality profile 2. 
It can be seen that quality profile 2 was also rated with higher MOS in P.800 ACR 
method. 

P.800 ACR ranked MOS

1

2

3

4

5

0 8 16 24 32 40 48 56 64 72 80 88 96
Time [sec]

M
O

S

Quality profile 1

Quality profile 2

 

Figure 6.15 Eight seconds’ instantaneous MOS averages 

If we look at the overall MOS values for quality profile 1 and quality profile 2 
obtained from P.800 ACR method, a recency effect can also be observed. The 
value 2.23 obtained as overall MOS value for quality profile 1 while 1.88 value 
obtained as overall MOS value for quality profile 2.  
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By considering both figures, it can be noticed that difference between male and 
female voice speech sequences is larger in P.880 method. Therefore it can be 
stated that the difference seen in P.880 method is probably coming from quality 
profiles perception and not only from male and female voice property. 

6.3.2 Comparison between quality profile 3 and quality profile 4 

Quality profile 3 and quality profile 4 are not comparable with each other since 
both quality profiles are different in quality levels. Quality profile 3 has constant 
quality at level 5 (Excellent), while quality profile has also constant quality but at 
level 3 (Fair).  

6.3.3 Comparison between quality profile 5 and quality profile 6 

These quality profiles are also not comparable with each other due to the 
difference in quality levels. In quality profile 5, the speech quality was degraded 
for two times. The duration of quality degradation was 8 seconds. The quality 
was degraded from level 4 (Good) to level 1 (Bad). While in quality profile 6, the 
speech quality was degraded for one time. The duration of quality degradation 
was 32 seconds. The quality was degraded from level 5 (Excellent) to level 3 
(Bad). 

6.3.4 Comparison between quality profile 7 and quality profile 8 

In quality profile 7, the speech quality was at level 1 (Bad) in the beginning of 
speech sequence. After 8 seconds’ degradation the speech quality was improved 
to level 5 (Excellent). In quality profile 8, the speech quality was at level 5 
(Excellent) during 88 seconds. The quality was degraded to level 1 (Bad) at the 
end of the speech sequence for 8 seconds.  

If we compare the quality profile 7 and quality profile 8’s overall MOS obtained 
from P.880 method, recency effect can be observed.  

The value 3.34 as overall MOS obtained for quality profile 7 while 3.03 value 
obtained for quality profile 8. In quality profile 7, the speech quality was 
“Excellent” at the end that affected overall quality judgment and produced higher 
overall MOS than the overall MOS produced for quality profile 8. 

Quality profile 7 represented a female talker which was extracted from a 
telephonic call while quality profile 8 represented a male talker. Figure 6.20 
shows two curves which represent the ranked instantaneous MOS obtained from 
P.880 method. A thick solid curve represents quality profile 7 while a thick dotted 
curve represents quality profile 8. 
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Figure 6.20 Eight seconds’ instantaneous MOS averages 

Both quality profiles were rated with the same MOS values. But when 
degradations started, the quality profile 8 was rated with higher MOS values. This 
is what would be expected since it contains male voice. 

In following Figure 6.21, two curves are shown which represent the ranked 
instantaneous MOS obtained from P.800 ACR method. A thick solid curve 
represents quality profile 7 while a thick dotted curve represents quality profile 8.  
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Figure 6.21 Eight seconds’ instantaneous MOS averages 
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Both quality profiles were rated with almost the same MOS values in P.800 ACR 
method. No significant differences are found between male and female voice’s 
quality profiles.  

However, recency effect can be observed by comparing overall MOS obtained 
from P.800 ACR method. The value 3.28 obtained as overall MOS for quality 
profile 7 while value 3.23 obtained as overall MOS for quality profile 8. 

6.3.5 Comparison between quality profile 9 and quality profile 10 

In quality profile 9, the speech quality was at level 3 (Fair) in the beginning of 
speech sequence. After 8 seconds’ degradation the speech quality was improved 
to level 5 (Excellent). In quality profile 10, the speech quality was at level 5 
(Excellent) during 88 seconds. The quality was degraded to level 3 (Fair) at the 
end of the speech sequence for 8 seconds.  

If we compare the quality profile 9 and quality profile 10’s overall MOS obtained 
from P.880 method, recency effect can be observed.  

The value 3.56 as overall MOS obtained for quality profile 9 while 3.47 value 
obtained for quality profile 10. In quality profile 9, the speech quality was 
“Excellent” at the end that affected overall quality judgment and produced higher 
overall MOS than the overall MOS produced for quality profile 10. 

Quality profile 9 represented a male talker which was extracted from a telephonic 
call while quality profile 10 represented a female talker Figure 6.22 shows two 
curves which represent the ranked instantaneous MOS obtained from P.880 
method. A thick dotted curve represents quality profile 9 while a thick solid curve 
represents quality profile 10. 
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Figure 6.22 Eight seconds’ instantaneous MOS averages 



   

 Ericsson Confidential 
TECHNICAL REPORT 

 
154 (160) 

Prepared (also subject responsible if other) No. 

Hassani Syed Hassan Imam  
Approved Checked Date Rev Reference 

Valentin Kulyk  2009-03-09 PA1  
MEE09:62 

Both quality profiles were rated with almost the same MOS values. But when 
degradations started, the quality profile 10 was rated with significant higher MOS 
values. 

In following Figure 6.23, two curves are shown which represent the ranked 
instantaneous MOS obtained from P.800 ACR method. A thick dotted curve 
represents quality profile 9 while a thick solid curve represents quality profile 10.  
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Figure 6.23 Eight seconds’ instantaneous MOS averages 

Both quality profiles were rated with almost the same MOS values in P.800 ACR 
method. No significant differences are found between male and female voice’s 
quality profiles. 

However, recency effect can be observed by comparing overall MOS obtained 
from P.800 ACR method. The value 3.92 obtained as overall MOS for quality 
profile 9 while value 3.81 obtained as overall MOS for quality profile 10. 
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6.4 Analysis of delay in subjects’ voting 

In the test, delays in subjective voting were observed in all quality profiles. The 
delay can be explained as time period in the beginning of speech sequences 
when subjects do not move the slider to rate the speech quality. Minimum, 
maximum and average delays are given in the following Table 4 for all quality 
profiles.  

 
 Min. Delay (sec) Max.Delay (sec) Average Delay (sec) 
Quality profile1 0.5 3.5 2.00 
Quality proflie2 0.5 4.0 2.25 
Quality proflie3 0.5 3.5 2.00 
Quality profile4 0.5 4.0 2.25 
Quality profile5 0.5 4.5 2.50 
Quality profile6 0.5 8.5 4.50 
Quality profile7 0.5 2.5 1.50 
Quality profile8 0.5 5.0 2.75 
Quality profile9 0.5 2.5 1.50 
Quality profile10 0.5 7.5 4.00 

Table 4: Minimum, maximum and average delay found in subjects’ voting 

It can be seen that, minimum delay is 0.5 sec which is found in subjective voting 
and maximum delay is 8.5 sec. The reason of the delays could be assumed as 
the expertise level of the subjects. The delay time can be the composition of 
subjects’ response time, thinking (building their opinion about the speech quality) 
and the assessment time taken by the subjects.  It can be assumed that subjects 
who have previous experience of subjective test are quicker in order to give their 
voting.  

Subjects’ behavior can also be a reason of the delay in voting. Some subjects are 
naturally quick to react and some subjects can be naturally slower. Another 
reason could be the gender of the subjects. It can also be assumed that males 
are quicker than females or vice versa.  

In the beginning of the quality profiles, silence of some seconds or milliseconds 
existed. Subjects normally start voting after listening to the speech. But only the 
silence can not be the reason of delay because silence time is same for all 
subjects while delay time varies. So, it can be concluded that a delay may occur 
due to several reasons such as, subjects’ response time, thinking time, 
assessment, expertise level, subjects natural behaviors and gender. 
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7 Conclusions 

• Comparisons have been conducted between P880 and P.800 ACR 
methods and it has revealed that results obtained from both methods are 
different from each other. Results obtained from P.880 are smoother than 
the results obtained from P.800 ACR method. Results obtained from 
P.880 methodology are near to the real quality levels since they reflect 
the perceived speech quality every 500ms. P.800 ACR method can 
provide only one score per speech sequence. So, it can be concluded 
that, P.880 methodology is more appropriate and required to assess the 
speech quality of speech sequences that may contain quality variations in 
time. 

• The overall judgment scores, obtained using P.880 method, should be 
used with caution due to recency effect that can lead to lower quality 
scores than they should be when speech sequences are distorted 
significantly at the end. Test subjects tend to remember better large 
distortions played last. Therefore their overall quality judgments can be 
based on the last played distortions and not on the overall quality 
perception. 

• It was also observed that instantaneous MOS was higher in second 
session. An explanation can be that subjects learned from first sessions 
about all presented quality levels and their results in second session are 
more accurate. An inverse behavior was observed in the overall MOS. 
The overall MOS in first session were slightly higher than the results in 
second session. It was expected that overall MOS would be in line with 
instantaneous MOS. There is no explanation for this. One possible 
explanation can be that subjects were fatigued during the real time voting 
in the second session and voted less careful during the overall quality 
voting period.  Though, the difference is not significant (taking into 
account 95% confidence interval), so overall MOS results can be 
considered as same in both sessions. The recommendation can be to 
make test session shorter for P.880 method e.g. 10 min to 12 min. 

• An investigation is conducted to know whether it is possible to predict 
overall MOS from instantaneous MOS using averages. It is observed that 
it is possible to predict the overall MOS from the instantaneous MOS for 
such quality profiles in which speech quality remains constant or for such 
quality profiles in which speech quality degrades in the beginning of the 
speech sequences. Another observation is that, it is also possible to 
predict overall MOS from instantaneous MOS for such quality profiles in 
which speech quality degrades for one time for about ~8 sec but the 
degradation occurs in the middle of the speech sequence. 
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• Delays in subjects’ voting are also observed. It is noticed that when 
speech quality degrades, the subjects usually take around 4 seconds to 
reach the degraded quality level. In case of quality improvements, 
subjects take around 10 seconds to reach the improved quality level.  

• In this study, it was also investigated what statistical properties can be 
used to describe the results of P.880 method. In the statistical analysis of 
P.880 results, ANOVA (single factor), Pearson’s correlation coefficient, 
mean, standard deviation and confidence interval were used. Therefore, 
P.880 results can be described using these statistical properties. Though, 
it was observed that ANOVA can be more useful to late stage of statistical 
analysis and used for testing subjects individual results whether they can 
be grouped according to any factor like level of expertise, gender, age, 
etc.  
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8 Future work 

The subjects who participated in the subjective test were experts (e.g. audio or 
video experts). It would also be interesting to conduct subjective test according to 
P.880 methodology in which only naïve (non experts) subjects would participate. 
The results from naïve subjects will also be helpful to investigate the difference 
between P.880 and P.800 ACR methods comparing tests with the same type of 
subjects. 

In this study, single factor ANOVA was conducted on the results. Quality profiles 
were assumed as the factor of ANOVA. It would be useful to conduct two factors 
ANOVA on the results. Quality profiles and time points can be assumed as 
factors of ANOVA. By applying two factor ANOVA, it would be possible to 
investigate the subjects’ instantaneous scores in particular time points. 

Only two play orders for all subjects were created in the subjective test. Another 
recommendation is to create separate play order per subject.  Different play 
orders for different subjects will help to eliminate the effects of play orders in 
subjects’ voting. 

Delays in subjects’ instantaneous scores have to be studied in detail. Gender of 
the subjects, expertise level and subjects’ behaviors are assumed the factors 
which may cause the delay in subjects’ voting. By studying these factors in detail, 
it would be possible to find out factors that causes delay in subjects’ voting. 
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