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ABSTRACT  

This thesis describes a novel pronunciation training programme devised for young 
learners of English as a foreign language in schools in Germany. The intervention is 
grounded in current theories of second language, employs valid and established 
pronunciation task formats, and targets a core set of significant pronunciation problem 
areas typical of young learners. This core set was identified from research literature, 
curricular requirements as well as data from questionnaires completed by 245 English 
language teachers in the German state of Hesse.  

The English pronunciation intervention was implemented over five months within 
the language education setting of English L2 learners (ages 10 to 12) in two schools in 
Frankfurt/Main. Quasi-experimental classroom research was conducted using a control 
group design to examine the effects of the pronunciation intervention. To obtain within-
subject measurements, the data were collected at three points: prior to the intervention 
(pre-test), immediately after the intervention (post-test) and six months later (follow-up). 
There were two types of analyses of the pronunciation data. First there was auditory 
evaluation: all test utterances by the students were assessed auditorily using a three-
point scale to rate their performance. Secondly, acoustic analysis of the same data was 
conducted using the computer software programme Praat. The acoustic parameters of 
interest included fundamental and formant frequencies, vowel and fricative durations, 
spectral peaks and spectral rate of change, to assess changes in pronunciation. The 
main aim of the analyses was to measure the impacts, if any, of the pronunciation 
intervention. 

The results revealed that maturation processes took place for both the 
intervention and control groups, as predicted. Overall, the auditory analysis presented 
mixed results but showed some training effects for the fricatives /ð/ and /θ/ and the 
affricate /dʒ/. Most salient of all, there were clear frequency effects. The acoustic data 
analysis indicated more systematic effects of the intervention on acoustic parameters 
associated with precision and stability. The scatter plots and Euclidean distances 
computed from the acoustic data revealed more precision and stability in the production 
of the vowels /ɑː, ɔː, ə, æ/, the diphthongs /ɪə; eɪ/ and the approximant /w/ in the 
intervention group. In addition, the centre of gravity values indicated that the training 
led to a more native-like production of /θ/ and /ð/.  
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0. Motivation and rationale for the study 

I am a German non-native English language teacher with a Master’s degree1 in English 
language teaching and a CELTA2 qualification. I have worked with children and adults 
from many different cultural and language backgrounds. My work with students at 
beginner level in particular led me to realise that the language learning process really 
began as soon as the learners were able to segment the stream of language into 
smaller components of meaning. Moreover, for learners it was not just their own 
understanding of the new language which was pivotal: it was being understood by 
others that marked the really crucial point where learners fully became part of the 
communicative process. In my experience, this process largely centres around 
decoding and producing speech with sufficiently accurate English language 
pronunciation. From a teacher’s point of view, I was interested in finding out to what 
extent I could facilitate this process – indeed, whether as a teacher I could influence it 
at all. For this reason, I wanted to explore what makes good, effective pronunciation 
training, and whether it is possible to integrate such training in the everyday lessons of 
a typical foreign language classroom. Due to there being limited appropriate resources 
in pronunciation work at the time of the study’s inception, I decided to do further 
research into this topic in order to design and develop a pronunciation training 
programme and to systematically investigate its effectiveness. 

 

                                                
1 1. und 2. Staatsexamen 
2 Cambridge Certificate in Teaching English to Speakers of other Languages 
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1. Introduction 

Pronunciation3 plays a very important role in communicative contexts and it is the first 
language feature to be noticed. In addition, the perceived strength of the ‘foreign 
accent’4 correlates significantly with listeners’ perceptions of overall oral proficiency as 
the awareness of errors in grammar or vocabulary is largely influenced by the quality 
of pronunciation (Götz, 2011; Herbst, 1992). However, even proficient foreign language 
(FL)5 learners with years of language input can retain noticeable foreign accents which 
for some speakers (but certainly not all) compromise their intelligibility. The issues 
surrounding the difficulty of learning foreign language pronunciation, especially in 
comparison to other aspects of language, has not yet been fully understood.  

The significance of pronunciation teaching in the foreign language classroom in 
Germany has changed considerably over the last few decades. Until the 1970s, 
pronunciation was a major focus of foreign language teaching and it was assumed that 
language learners would only be able to perceive and produce phonetic distinctions 
and master intonation patterns with the help of explicit instruction (Moyer, 2013). Thus, 
language labs were frequently used for pronunciation teaching, and exercises were 
often repetitive (e.g. drills) and without much connection to what is known about the 
English language learning6 process in the context of authentic communication. The 
development of the communicative approaches from the mid-1970s onwards was 
accompanied by a shift in teaching objectives (cf. Piepho, 1974). Pronunciation 
teaching became less important (Grotjahn, 1998; Mehlhorn, 2005; Piske, MacKay, & 
Flege, 2001a) as phonological fluency was no longer treated as a discrete topic but 
only as “a means to negotiate meaning in discourse” (Dalton & Seidlhofer, 1994). Within 
this pedagogical trend, the definition of `good pronunciation´ changed from a clear 
native-speaker model to a more functional approach – that is, for a learner to be able 
to communicate successfully and intelligibly (Jenkins, 2000; Neri, Cucchiarini, & Strik, 
2006). Although there is a consensus that intelligibility and comprehensibility should be 
the primary goals of second language (L2)2 pronunciation (Hessisches 

                                                
3 In this thesis, pronunciation describes the articulation of specific speech sounds.  
4 Although there is no universally accepted definition of a `foreign accent´, it is widely accepted that the 

term refers to the deviation from native to non-native pronunciation (Scovel, 2000). 
5 The terms foreign language (FL) and second language (L2) are used to refer to any language used other 

than the mother tongue(s) (L1) (Edmondson, 1999). 
6 The terms `language acquisition´ and `language learning´ will be treated as synonymous and used 

interchangeably throughout this study for reasons explained by recent neurolinguistic findings (cf. 
Abutalebi 2008). 
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Kultusministerium, 2011; Jenkins, 2000; Neri et al., 2006), the terms do not have widely 
accepted definitions7 and, moreover, there is no agreement on how to teach and 
measure intelligibility (Isaacs, 2008).  

Within a communicative approach, students will probably be able to acquire 
reasonable pronunciation skills (Harmer, 2007). Yet, learning pronunciation is 
particularly difficult because it requires the learner to develop new perceptual abilities 
in order to identify the new second language (L2) patterns and to learn new articulatory 
movements which need to be automated. Moreover, learners typically have to 
overcome inhibitions and might take on new language identities (Hirschfeld, 1997, p. 
69). Despite the fact that foreign language pedagogy postulates that pronunciation is 
learned without any explicit instruction, second language research has shown that overt 
pronunciation teaching can strongly increase pronunciation accuracy (Bongaerts, 
Summeren, Planken, & Schils, 1997; Derwing & Rossiter, 2003; Missaglia & 
Sendelmeier, 1999; Moyer, 1999). This dispute regarding the importance of 
pronunciation instruction might indicate that there is not yet a sufficient exchange of 
ideas between second language (SL) scholars and foreign language pedagogy experts 
and practitioners.  

In the past few years there has been a renewed interest in pronunciation, 
probably due to the integration of global markets. This is reflected in a huge and 
burgeoning demand for classroom-based and online pronunciation courses (Moyer, 
2013) and especially in the growing number of publications in this area. With 
communicative competence continuing to be one of the main goals of foreign language 
teaching, the focus of pronunciation teaching has now shifted more towards the 
suprasegmental aspects of connected speech (e.g. sentence stress, rhythm and 
intonation) (Hedge, 2000). Due to the rise of new media, ‘new’ ways to teach 
pronunciation are on offer. However, the substance of these programmes does not 
seem to have changed a lot and little is known about their effectiveness (Moyer, 2013).  

A foreign accent does not simply mean that a language learner is unable to 
produce a particular sound or intonation appropriately, but also that he or she might not 
be able to discriminate or identify aspects of the language input correctly. Several 

                                                
7 In this thesis, the term `intelligibility´ is used to describe the formal recognition of the decoding of words 

and utterances (see Pickering, 2012), and `comprehensibility´ refers to the listener’s ability to 
understand a word or utterance in a given context. 
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factors may contribute to flawed discrimination and pronunciation, including the 
differences in phonological structure between the foreign language and mother tongue 
of the learner (Trubetzkoy, 1969), restricting aspects in the process of language 
acquisition, motor-neuronal developments, and individual factors such as aptitude or 
age amongst others. In order to evaluate pronunciation teaching, these factors and 
processes underlying pronunciation acquisition must be taken into account. 

Although there is a considerable volume of pronunciation research within the area 
of applied linguistics, most of the studies have focused on single aspects of 
pronunciation and the investigations were carried out in laboratory settings with only 
small numbers of adult participants (Archibald & Young-Scholten, 2003; Bohn & Flege, 
1992; Gut, 2009; Iverson et al., 2003; Neri et al., 2006; Strange et al., 1998). Therefore, 
the findings are not easily transferred to a classroom setting, particularly with children. 
Also, as indicated above, the lack of cross-fertilisation between disciplines has meant 
that few of the applied linguistics studies have impacted on foreign language pedagogy.  

The matters discussed in this section convey the importance of including 
linguistics research in foreign language teaching and the necessity of classroom-based 
pronunciation research. For these reasons, this thesis seeks to fill the gaps by pursuing 
two primary aims: first, to design and develop a pronunciation training programme, 
firmly grounded in second language learning theory, which can be easily integrated into 
English pronunciation teaching in German schools; second, to determine whether and 
to what extent the pronunciation intervention can improve second language 
pronunciation. 

Within the scope of these aims, the research project was carried out in eight fifth-
grade classes at a comprehensive school and a grammar school8 in Frankfurt am Main 
in the state of Hesse. The pupils studied were aged 10 to 12 years and were learning 
English at beginner level. Therefore, from the outset, the main limitation of this thesis 
is that the findings cannot be generalised beyond this age and type of learner and this 
educational and geographical setting. Moreover, this research project focuses only on 
selected segmental pronunciation areas while excluding other segments and supra-
segmental features. This decision does not reflect different levels of importance, only 
that seeking to encompass all segments and features would be beyond the scope of 

                                                
8 See Section 2.2 for an explanation of the terms ‘comprehensive’ and ‘grammar’ schools in the German 

system. 
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one PhD project. The overall structure of the thesis takes the form of nine chapters, 
including this introductory section.  

 

Chapter 2: Setting the scene: English pronunciation teaching in the foreign 
language classroom in Germany 

Chapter 2 lays the groundwork for this study and describes the status quo of English 
pronunciation teaching in the foreign language classroom in Germany and in particular 
in Hesse. Hence, this chapter starts with a discussion of pronunciation models (see 
Section 2.1. and examines the Hessian curricula (see Section 2.2.) to summarise the 
guidelines and subject matter of pronunciation teaching. As teachers typically use 
textbooks as their main frame of reference, the specified English textbooks are 
analysed with regard to English pronunciation work (see Section 2.3.). To find out how 
teachers actually implement the guidelines, use their textbooks and carry out 
pronunciation teaching in English foreign language classrooms in Germany, a 
questionnaire was completed by 245 English language teachers in Hesse; selected 
outcomes of the survey are reported in Section 2.4.  

 

Chapter 3: Second language pronunciation 

The research literature relevant to the topic was considered and this review is 
presented in Chapter 3. The chapter begins by looking at previous pronunciation 
studies (Section 3.1). For insight into pronunciation acquisition, Section 3.2 presents 
the major theories that have been proposed to explain second language acquisition. 
The chapter goes on to examine the most widely accepted models of speech perception 
and production (Section 3.3). In addition, the mechanisms underlying speech motor 
control (Section 3.3.2) and mirror neurons are outlined (Section 3.3.3). Drawing from 
the content at hand, the rationale and theoretical paradigm for the new pronunciation 
treatment is developed (Section 3.4). With reference to the requirements of the school 
curricula (see Chapter 2) and the presented research, Section 3.5 specifies the core 
set of speech sounds to be targeted in the intervention. Given that L2 pronunciation 
acquisition is also affected by non-linguistic factors, the influences of age of learning, 
gender, language use, motivation in formal instruction, and socio-economic factors, are 
all discussed in Section 3.6. Looking at individual differences in pronunciation, the 
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rationale is given for choosing beginner-level language learners aged 10 to 12 years 
as the subjects for this intervention study (see Section 3.6.6).  

 

Chapter 4: The pronunciation intervention  

Chapter 4 introduces the pronunciation intervention programme that forms the 
centrepiece of this thesis. Over the course of five months, the programme was 
implemented in a grammar school and a comprehensive school in Germany in the 
English lessons of children learning English as a foreign language. This chapter also 
presents the tasks and materials used and describes the procedures for the classroom 
work. 

 
Chapter 5: Methodological considerations: the acoustic phonetic basis of 
this current investigation 

This research project encompasses second language pedagogy as well as applied 
linguistics. To evaluate the outcomes of the pronunciation intervention, auditory as well 
as acoustic analyses of the pronunciation data were carried out. Chapter 5 introduces 
the acoustic phonetic basis of the current investigation with regard to the speech 
sounds selected as core to the pronunciation programme. In this account, first the 
source-filter theory of vowels (Section 5.1) is introduced and then the specific acoustic 
features needed for the analyses of the vowels (Section 5.2), diphthongs (Section 5.3) 
and consonants (plosives, fricatives, affricates and approximants; see Section 5.4) are 
discussed in more detail. Finally, other factors influencing speech production, such as 
duration, frequency effects, coarticulation and emotions, are considered in Section 5.5.  

 
Chapter 6: Research focus 

Chapter 6 draws upon the material introduced so far in the thesis and addresses the 
following research hypotheses. Given that all subjects participating in this study are 
subject to maturation processes and ongoing English language input, the first 
hypothesis (H1) states that the performance of both the intervention and control groups 
will improve over time (DeCoster, 2001; Mackey & Gass, 2005). It is the purpose of this 
thesis to show that the pronunciation training will significantly advance the intervention 
pupils’ pronunciation abilities over and above the effects of maturation processes. 
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Accordingly, this postulation is the basis of the second hypothesis (H2). The third 
hypothesis (H3) accounts for the assumption that pronunciation performance will show 
the greatest improvements directly after the treatment (Shadish, Cook, & Campbell, 
2001). A number of studies (Best, 1995; Flege, Schirru & Mackay, 2003; Iverson et al., 
2003; Kuhl, 2000) have found that a diverse range of L2 speech sounds pose different 
degrees of difficulty for a language learner. Therefore, the fourth hypothesis (H4) 
addresses the performance level for each targeted sound. It remains to be seen if the 
treatment will help develop all target sounds in the same way or whether some 
acquisitional patterns will emerge. To account for the premise that the improved 
pronunciation performance of the treatment group will be due not only to the training 
effects of the intervention but also the intervention itself, the test items that are explicitly 
trained in the treatment are correlated with untrained test items. Within this context the 
fifth research hypothesis (H5) addresses the training effects. Frequency effects are 
known to influence speakers’ performances (Bishop & Keating, 2012; Cholin, 2008) as 
more frequent use leads to increased pronunciation accuracy. Thus, the study controls 
for higher and lower frequency test items in both the intervention and control groups. 
Research hypothesis (H6) assumes that higher frequency items will outscore the lower 
frequency items. 

 

Chapter 7: Methods 

Chapter 7 lays out the methodology used in this thesis. To investigate the pronunciation 
intervention, quasi-experimental classroom research was conducted using a control 
group design (see Section 7.1). After introducing the ethics approval for this study, this 
section goes on to introduce the participating schools, students and teachers (Section 
7.2) and explains the choice of speech materials used in the pronunciation analyses 
(Section 7.3). Section 7.4 presents the data collection methods and focuses in 
particular on the elicitation techniques as well as on the recording of the stimuli. The 
assessment of the pronunciation data included two levels of analyses (see Section 7.5): 
firstly, all stimuli were assessed auditorily using a three-point scale to evaluate the 
students’ performance (Section 7.5.1). Secondly, acoustic data analysis (Section 7.5.2) 
using the same data was carried out using the Praat software. To explore the changes 
in pronunciation, Section 7.5 provides a detailed description and examples of specific 
acoustic parameters including fundamental and formant frequencies, duration, 
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amplitude, spectral peaks and spectral rate of change. Finally, the methods chapter 
concludes by providing the results of the interrater reliability test.  

 

Chapter 8: Results 

The first section of Chapter 8 presents the results of the auditory analysis (see Section 
8.1) showing the main effects of time, training, frequency, sounds and group as well as 
interaction effects. These results are discussed in detail in Section 8.2. In contrast to 
the auditory analysis which involves the data set as a whole, the results of the acoustic 
analyses are presented separately for the vowels, diphthongs, approximants, plosives, 
fricatives and affricates due to the specific, inherent features of each sound group (see 
Section 8.3). Chapter 8 concludes with an analysis of the acoustic results (Section 8.4).  

 

Chapter 9: Conclusions and implications 

The final chapter draws upon the entire thesis, tying up the various theoretical and 
empirical strands in order to critically evaluate the auditory and acoustic outcomes of 
the intervention study. It offers some conclusions with reference to the results and 
discusses the limitations of this study.  
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2. Setting the scene: English pronunciation teaching in the 
foreign language classroom in Germany 

It is the aim of this thesis to empirically investigate English pronunciation teaching in 
the foreign language classroom in Germany. Therefore, the purpose of the next section 
is to examine how English pronunciation is treated in the foreign language classroom 
in order to set the scene for a pronunciation intervention study. The introductory Section 
2.1 discusses the aim of pronunciation teaching in foreign language acquisition. As the 
guidelines and subject matter of pronunciation teaching are anchored within the 
respective educational curricula, these are evaluated in Section 2.2. Teachers typically 
use their textbooks as their main frame of reference, so in Section 2.3 the textbook 
contents are analysed with regard to English pronunciation work. To find out how 
teachers actually implement the guidelines, use their textbooks and carry out 
pronunciation teaching in English language classrooms in Germany, a questionnaire 
was completed by 245 English language teachers in Hesse and selected outcomes are 
presented in Section 2.4. Finally, Section 2.5. summarises the information presented 
in this chapter. 

2.1 Pronunciation model  

Non-native and native accents are regarded as the principal factors in impaired 
intelligibility and fluent communication respectively (Cruz-Ferreira, 2009). Thus, it is 
generally accepted that L2 learners should aspire to a standard pronunciation model in 
order to be intelligible to their interlocutor and vice versa (Richardson, 2008). 
Nevertheless, there has been much debate and controversy about the nature of such 
a language model. Traditionally, the speech of educated native speakers in one of the 
`inner circle´ of long-established, English-speaking countries, such as `received 
pronunciation´ (RP) in the UK and to a lesser extent `general American´ (GA) in the 
USA, were seen as the standard prestige models of English language pronunciation 
(cf. Kachru, 1985; Richardson, 2008, p. 23). Today, this picture is not so clear. The use 
of English as a lingua franca invites contentious discussion of speech standards. As a 
consequence, there are now several approaches adopting `world English´ as a model 
and favouring intelligibility over specific speech model standards. This `world English´ 
pronunciation is 
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formed by an amalgam of features from various native-speaker standards 
(including RP and GA); and that this amalgam may be further altered by reducing 
the number of contrasts of sounds and changing the usual (the "default") 
realization of sounds, to take into account the L1 transfer and to form a possible 
international English lingua franca (Cruttenden, 2008, pp. 317–18)9. 

Despite the considerable appeal of this approach, teaching `world English´ 
pronunciation in the foreign language classroom appears to be rather challenging 
because the pronunciation parameters are difficult for teachers to specify as well as for 
learners to adopt. In contrast, a standard model of pronunciation provides a uniform 
point of reference for L2 speakers with all kinds of different L1s. Thus, a standard model 
offers common ground for teachers and learners and opens up a large communicative 
radius which affords greater intelligibility and comprehensibility (Jenkins, 2000). As 
Peter Ladefoged (2007, p. 27) puts it: “it is best to teach some standard form of speech. 
It’s like helping people to dress appropriately, whatever the occasion”. There are 
several acceptable language models and it is beneficial for teachers to discuss these 
with their students. Nevertheless, with reference to pronunciation teaching, it is 
reasonable for teachers ultimately to decide on a model that is suitable and which they 
are able to speak themselves (Cruttenden, 2008). 

In Germany most English teachers are not English native speakers and are thus 
often limited by their own foreign accent (Hedge, 2000). As acquiring a near-native 
pronunciation can be an unrealistic goal for many learners, excessively high 
expectations might also produce negative effects such as frustration in students and 
teachers (Grotjahn, 1998; Morley, 1991). Nevertheless, it is a principal aim for learners 
to pronounce the target language in a fully comprehensible manner (Kanellou, 2009).  

The educational infrastructure in Germany is in a transitional state. In Hesse, new 
educational ‘standards’ began to replace the existing school curricula in the 2011/2012 
school year (Klieme et al., 2004) including the English language curricula. These 
curricula referred to one of the standard varieties of English as a goal for pronunciation 
teaching (Hessisches Kultusministerium, 2010b). However, there is no longer any 
reference to a specific standard speech model in the educational standards, nor in the 
Common European Framework of References (CEFR) (cf. Council of Europe, 2001). 
These developments might be linked to recent debates about `world English´ (see 
discussion earlier in this section).  

                                                
9 See Gnutzmann (1999) and Jenkins (2000) for an overview of English as an international language.  
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2.2 Pronunciation curricula  

To gain clearer insight into current pronunciation learning and teaching in Germany, 
this section looks at the curricula for foreign language teaching. However, there are 
numerous different specifications for different types of schools, different federal states 
and various age groups. As the aim of this thesis is to evaluate a pronunciation 
intervention delivered to grade five pupils (ages 10 to 12) in two schools in Frankfurt, 
this section will focus only on the guidelines for early secondary education in the 
relevant types of school types in the state of Hesse. As background, a short overview 
of the German school system is necessary before turning to the curricula analyses.  

After four to six years of primary school, most parts of Germany offer a tripartite 
secondary school system: The Gymnasium (~ grammar school) takes eight or nine 
years and prepares students for university. The school leaving diploma is the Abitur (~ 
A-levels). The Realschule takes six years and offers an intermediate high school 
leaving diploma whereas the Hauptschule also offers an intermediate high school 
diploma after five years but prepares its students for a non-academic education. There 
are also Gesamtschulen (~ comprehensive school) which comprise all three school 
types10. In order to recruit a wide range of pupils with different backgrounds and abilities, 
the research project was carried out in the fifth grades of both a grammar school and a 
comprehensive school in Frankfurt am Main, Hesse. The German education system is 
regulated by the 16 German federal states. At the time of the intervention and data 
collection for the research in 2010, school-based teaching and learning in Hesse was 
regulated by the compulsory requirements of the Hessian Curriculum (Hessisches 
Kultusministerium, 2011b). In order to establish the nature of English L2 pronunciation 
teaching in the respective schools and grades, the Hessian curricula for G811 grammar 
and comprehensive schools were examined.  

2.2.1.1 Pronunciation in the comprehensive school curriculum 

The comprehensive school curriculum gives quite a detailed description of the 
pronunciation requirements in grade five. It states that the English sound system should 

                                                
10 To enhance readability, `grammar school´ will be used for Gymnasium and `comprehensive school´ for 

Integrierte Gesamtschule, but the author is mindful that these terms have different meanings in different 
countries.  

11 Between 2004 and 2007, Hessian grammar and comprehensive schools reduced the period from the 
beginning of secondary education to the Abitur (~A-levels) from nine to eight years (Hessisches 
Kultusministerium, 2010a). Thus, the new curricula are called G8 instead of G9. 
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be introduced with the help of pronunciation and intonation work as well as 
discrimination tasks and authentic listening comprehension. Moreover, pupils should 
learn to read phonetic transcription. As the comprehensive school includes all three 
school types Hauptschule, Realschule, and Gymnasium (see Section 2.2.), the 
comprehensive school curriculum encompasses all three corresponding curricula 
(Hessisches Kultusministerium, 2011b), which are summarised in the following 
sections12.  

2.2.1.2 Pronunciation in the grammar school curriculum 

The grammar school curriculum for grade five for English as the first foreign language 
recommends listening comprehension tasks and pronunciation work with the help of 
simple sentences (Hessisches Kultusministerium, 2010b). 

2.2.1.3 Pronunciation in the Realschule curriculum 

In the Realschule curriculum, the topics of pronunciation, stress and intonation are seen 
as part of vocabulary teaching and basic language skills such as listening and speaking 
(Hessisches Kultusministerium, 2011d, p. 5). So, within the scope of vocabulary 
teaching, the curriculum specifies that the students should:  

§ understand and recognise the sounds of familiar English words or phrases and 
thus be able to divide the sound stream into entities of meaning; 

§ be able to identify short forms, weak forms and linking forms; 
§ identify the meaning of word homophones (e.g. by – bye) with the help of 

context; 
§ be able to identify similar sounding entities as structural units or words with 

reference to the context (e.g. he’s/his, it’s/its, you’re/your, they’re/their/there); 
§ identify the sentence type due to English intonation patterns (e.g. falling tune: 

declarative sentence, imperatives, etc.; rising tune: questions, etc.); and  
§ understand simple English utterances in the established pronunciation 

standards of `General British´ (Received Pronunciation (RP); modified 
standard) and `General American´. 

With reference to speaking and listening skills, the Realschule curriculum specifies that 
students should be able to correctly articulate the following English phonemes 
withspecial attention to:   

§ English sounds that are unfamiliar to the German language /r,T,D,w,eI,@U/;13 

                                                
12 The author translated the content of the curricula.  
13 Faulty phonetics in all curricula versions published by the ministry.  
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§ specific distinguishable sounds: /w/:/v/, /T/:/f,s/, /D/:/d,z/, /tS/:/dZ/, /i:/:/I/, /e/:/&/.13 
§ final voicing of plosives (/b/,/d/,/g/) and fricatives (/v/), such as in `job´, `bed´, 

`food´, `bag´, `leg´, and `live´; 
§ the levelling of functional final consonants, e.g. plural-s (as /z/ in `bags´, /s/ in 

`books´), 3rd person singular in the simple present (e.g. /z/ in ̀ reads´, /s/ in ̀ sits´), 
past-tense endings (/d/ in `cleaned´, /t/ in `looked´, /id/ in `started´); 

§ difficult consonant clusters (e.g. /vz/ in `lives´, /ts/ in `table-cloths´, /Dz/ in 
`clothes´, /ksT/ 13 in `sixth´, /tT/ 13 in `eighth´); 

§ the English alphabet and the spelling of English words; and 
§ the changing pronunciation of the determiner depending on the following sound 

(e.g. /ðə/ `the book´, /ðɪː/ `the animal´).  

Moreover, students should be able to14: 

§ use English phonetic transcription receptively with the help of key words; 
§ identify familiar English words and phrases in their written form, associate them 

with their sound structure, and utter them with the correct pronunciation and 
intonation; be aware of silent letters (“b” in `climb´, “d” in `sandwich´, “k” in 
`know´, “gh” in `eight´, “l” in `talk´, “w” in `write´, “u” in `guest´, “h” in `hour´); 

§ read familiar texts with correct pronunciation and intonation; 
§ read re-arranged texts with familiar words adequately; 
§ orientate their pronunciation and intonation of words and sentences towards 

`General British´ and `General American´ (Hessisches Kultusministerium, 
2011d); 

§ check the pronunciation with the help of the phonetic transcription of key words 
and the word lists of the textbooks; and  

§ use about 650 words with adequate command of their meaning, use, 
pronunciation and orthography (Hessisches Kultusministerium, 2011d). 

 

2.2.1.4 Pronunciation in the Hauptschule curriculum 

The Hauptschule curriculum for English in grade five states that listening 
comprehension depends on the discrimination and recognition of sounds. Therefore, 
sound structures of the spoken language need to be correctly identified and the learners 
need to master pronunciation to the level of intelligibility. Right from the beginning, 
teaching and learning should make use of authentic language situations and train the 
correct pronunciation with the help of playful elements, tongue training (see below), 
rhymes, songs, reading aloud to the class and on tape, as well as intonation and 
discrimination exercises. Motivational imitation activities are recommended, along with 
the frequent use of recordings by native speakers which should convey intonation 

                                                
14 The curriculum also demands the of use multimedia teaching aids (CD-ROM) to train pronunciation and 

vocabulary (Hessisches Kultusministerium, 2011d). Nevertheless, the students participating in this 
research did not use these aids so they are not reviewed in this text.  



2. Setting the Scene: English Pronunciation Teaching in the FL Classroom in Germany 

 26 

patterns and colloquial weak and short forms and should especially help weak learners 
to develop the receptive competence needed for listening comprehension practice 
(Hessisches Kultusministerium, 2011c).  

 More specifically, the students should be able to15: 

§ correctly perceive and reproduce the sounds of presented vocabulary; 
§ recognise the different intonation patterns of various sentence types (e.g. rising 

tune, falling tune); 
§ correctly pronounce English sounds with special attention to the English sounds 

that are not part of the German sound inventory (e.g. `this´, `these´, `bag´, `job´); 
§ read words and short texts with the corresponding intonation; 
§ read and understand some phonetic transcription; 
§ know about 400 items of vocabulary including idioms, cardinal numbers, 

irregular plural forms and classroom phrases.  

2.2.1.5 Curricula requirements and pronunciation teaching 

In contrast to the grammar school curriculum, which gives only very broad guidelines 
in recommending listening comprehension tasks and pronunciation work with the help 
of simple sentences (Hessisches Kultusministerium, 2010b), the curricula for 
Realschule and Hauptschule offer quite detailed information about the contents of 
pronunciation teaching in grade five. On further inspection, the information set out in 
those two curricula is partly unclear, e.g. the Hauptschule curriculum (see Section 
2.2.1.4.) states that “students should master pronunciation to the level of intelligibility”, 
but there is no definition or elaboration of what intelligibility involves. Additionally, 
students should be able to read and understand `some´ phonetic transcription. Again, 
this statement is vague and more ambiguities can be found upon closer scrutiny. The 
Hauptschule curriculum does offer some suggestions for teaching methods, but these 
statements are also rather imprecise: for example, to teach pronunciation with the help 
of “tongue training” and “playful elements” or to use “motivational imitation activities”. 
The Realschule curriculum (see Section 2.2.1.3) gives more detailed information than 
the Hauptschule curriculum. Moreover, in the curricula there are few guidelines on 
methods to implement and systematise pronunciation teaching in the classroom. 
However, the Hessian Ministry of Education states in its curricula that relevant 
textbooks provide the basis for instruction and implementation of the curricula contents 
for grade five (cf. Hessisches Kultusministerium, 2010b). Accordingly, an analysis of 
the textbooks was undertaken and this is reported in Section 2.3 below.    

                                                
15 List directly translated from Hessisches Kultusministerium (2011c). 
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2.3 Textbook and pronunciation 

The textbook is regarded as the most important medium of teaching and learning in 
German schools and it functions as a set of guidelines for teachers. The choice of a 
textbook has direct consequences for the quality and content of the lesson (Kieweg, 
1998, p. 27). A review of all English textbooks for the fifth grade in all school types 
would be beyond the scope of this thesis, so this section is confined to an analysis of 
the textbooks used by the participants in the intervention study, namely Cornelsen’s 

English G 21 A1 (Schwarz, 2006) and Diesterweg’s Notting Hill Gate 1 (Edelhoff, 
2007b), to seek insights into the daily practice of pronunciation teaching. A textbook 
(TB) is usually published with a set of components such as a student workbook (WB), 
a teachers’ manual (TM), an audio CD and other additional materials, which are also 
included in the following analysis where necessary. To evaluate the pronunciation 
practice in these textbooks and materials, Kieweg’s (1998) checklist of criteria for 
evaluation of textbooks is used. With reference to pronunciation, Kieweg offers eight 
criteria (see Table 2-1). As some aspects were outdated (e.g. use of audio cassette) or 
not specific enough (e.g. audio examples mentioned only with reference to imitation), 
some minor amendments to the original list have been made. 

Table 2-1: Textbook analysis checklist: pronunciation practice (Kieweg, 1998) 
 Criteria Content 
1. Extent of phonetic 

activities 
How much (if any) pronunciation practice can be found in the textbook? 

2. Integration of textbook 
and audio material 

Is there enough audio material? Does the textbook support the audio 
material? 

3. Phonetic transcription Is there systematic progression in developing the phonetic transcription 
abilities of the students? 

4. Stress and prosody How are the students introduced to the concepts of stress and 
prosody? 

5. Reference to standard 
varieties 

Does the textbook refer to the differences between American English 
(AE) and British English (BE) standard varieties? 

6. Phoneme-grapheme 
correspondence 

Does the textbook offer explanations with reference to the different 
phonetic realisations of graphemes (e.g. /i/  à <he, see, sea, believe, 
key> )? 

7. Phonetic characteristics 
of the spoken language 

Does the textbook offer information regarding the characteristics of the 
spoken language, such as devoicing, contractions, elisions, etc.? 

8. Discrimination of 
sounds 

Is there an introduction to the discrimination of sounds at the beginning 
of the pronunciation instruction? 

Regarding the first criterion: “Extent of phonetic activities”, both textbooks English G 21 
and Notting Hill Gate 1 include many pronunciation activities throughout all units and 
materials, as shown in the following Table 2-2: 
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Table 2-2: Texbook analysis: Criterion 1: Extent of phonetic activities 
Cornelsen English G21 A1 Diesterweg Notting Hill Gate 1 

Unit 1 Unit 1 
TB, p. 30, 14: a /ə/ or an /ən/? (+ audio) TB, p. 26. P2: Rhyming pairs (no explanation) (+  
à TM, p. 94f. Solutions 14, (no explanation) audio) 
à WB, p.20, 20, a /ə/ or an /ən/?  (+ audio) à TM, p. 61, Solutions P2 (no explanation) 
TB, p. 31, 15: `the´ with /ə/, /i/? (+ audio) WB, p. 15, C9: Sound check /ɪ/ vs. /i/  (+ audio) 
à TM, p. 95, Solutions 15 (no explanation) à TM, p. 60, Solutions C9 (no explanation) 
à WB, p. 20, 21: `the´ with /ə/, /i/? (+ audio) Unit 2 
Unit 2,  TB, p. 46, P3: Juice and jam /dʒ/ (+ audio) 
TB, p. 42, 2: Plural `s´ (+ audio) à TM, p. 97: Solutions P3 (no explanation) 
à TM, p. 122, Solutions 2, (explanation voiced/ WB, p. 28, C8: Match the rhyming words (+ audio) 
voiceless) à TM, p. 96, Solutions C8 (no explanation) 
à WB, p. 26, 5, Plural `s´ (+ audio) Unit 3 
à Grammar File 2, p. 131f., Plurals  TB, p. 66, P2: Sound Check /əʊ/ and /ɒ/ (+ audio) 
TB, p. 43, 5: The `-s´ in the simple present (+ 
audio)  à TM, p. 129, Solutions P2 (no explanations) 
(voiced/voiceless used, but no explanation) WB, p. 38, B7: Rhymes (+ audio) 
à TM, p. 123, Solutions 5, (no explanation) à TM, p. 120, Solutions B7 (no explanation) 
à Grammar File 2, p. 133 WB, p. 38, B8: Sounds /dʒ/, /ʃ/ (+ audio) 
Unit 3 à TM, p. 120, Solutions B8 
TB, p. 62, 12: /æ/ and /eɪ/ (+ audio) WB, p. 43, C9: Sound check /i/ (+ audio) 
à TM, p. 156, Solutions 12 (no explanation) à TM, p. 128, Solution C9 (no explanation) 
à WB, p. 40: /æ/ and /eɪ/  (+ audio)  Unit 4: 
Unit 4 TB, p. 76, Tipp Mr. /mɪstə/ Mrs /misɪz/ 
TB, p. 80, 15: /əʊ/ and /ɒ/ (+ audio) TB, p. 83, C9: Weather Poems /v/, /w/ (+ audio) 
à TM, p. 188, Solutions 15, (no explanation) à TM, p. 165, Awareness of pronunciation and 
à WB, p. 55, 16: /əʊ/ and /ɒ/ (+ audio) intonation (no explanation) 
Unit 5 TB, p. 84, P5: How to say `u´? (+ audio) 
TB, p. 92, 8: Past tense forms -/d/,-/t/,- /ɪd/ (+ 
audio) à TM, p. 167, Solutions: P5 
à TM, p. 218, Solutions 8 Unit 5 
à WB, p. 61, 8: Past tense forms -/d/,-/t/,- /ɪd/ (+  TB, p. 105, P6: A tongue twister /θ/, /ð/ (+ audio) 
     audio) à TM, p. 203, drilling should be used, (no 

explanation 
à Grammar File, p. 142 (no explanation) on how to pronounce the “th”) 
Unit 6 WB, p. 62, A5, Sound Check, silent letters (+ 

audio) 
TB, p. 108, 8: /ʃ/,/tʃ/, and /dʒ/ (+ audio) à TM, p. 176, Solutions: A5 (no explanation) 
à TM, p. 245, Solutions 8 (explanation) Unit 6 
à WB, p. 71, 8: /ʃ/,/tʃ/, and /dʒ/ (+ audio) TB, p. 120, P4, /æ/ and /e/ (+ audio) 
 à TM, p. 231, Solution P4 (no explanation) 
 WB, p. 78, A8, Past tense forms -/d/,-/t/,- /ɪd/ (+ 

audio) 
 à TM, p. 218, Solutions A8, (no explanation) 
 à Language in Focus 21, p. 171, -/d/,-/t/,- /ɪd/ 
 WB, p. 82, B4, Sound check, Find words in a 

jumble of letters (+ audio) 
 à TM, p. 224, Solutions B4 
English Sounds, p. 147 (sounds with example 
words) 

English Sounds, p. 173 (sounds with example 
words) 

The English alphabet, p. 147 The English alphabet, p. 173 
TM, p.57f, Drilling TM, p. 29f. Drilling 
Vocabulary, p. 149: Pronunciation Language in Focus 7, p. 156, a/an/the 
Vocabulary, p. 150: Intonation Language in Focus 8, p. 158, Plural of nouns 
Vocabulary, p. 152, Linkings  
TM, KV4, master copy, English sounds (pictures 
with sounds) 

 

 For both textbooks there is a teacher's CD that includes all the main textbook 
texts, dialogues, songs and poems. In total, Notting Hill Gate 1 includes about 145 
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minutes and English G 21 about 76 minutes of audio material, which is recorded by 
English native speakers (Schwarz, 2007). Moreover, a student's CD is provided 
containing the audio files for the pronunciation activities in the workbook. On the whole, 
there is strong and effective integration of textbook and audio material (see Criterion 2, 
Table 2-1). Additionally, both textbooks offer a wide variety of accompanying online 
resources which include a large amount of audio and video material.  

Criterion 3 (see Table 2-1) relates to whether Notting Hill Gate 1 and English G 
21 provide for systematic progression in developing the phonetic transcription abilities 
of the students. Both textbooks offer an overview of the English sounds with example 
words (English G21 also supports the examples with pictures on the master textbook 
copy). Additionally, there is phonetic transcription in the vocabulary and dictionary 
sections of the two textbooks. Both books also concentrate on some specific English 
sounds in the pronunciation tasks (see Table 2-2). So, there are several activities that 
use phonetic transcription. However, there is no reference in the teachers’ manual, the 
textbook, the workbook, or on the audio CD to how to introduce phonetic transcription 
to the students. Moreover, there is no rationale given for the choice of content nor any 
explanation of the articulation of the sounds. So, with regard to phonetic transcription 
(Criterion 3) there is not adequate progression in developing the phonetic transcription 
abilities of the students in any of the teaching materials and there is no background 
information about the concepts underpinning pronunciation teaching.  

English G 21 introduces the phonetic symbols for the transcription of stress and 
these are linked to two info-boxes on the ‘English sounds’ page (Schwarz, 2006) and 
also to the vocabulary section. Notting Hill Gate 1 also introduces the stress mark 
diacritics on the ‘English sounds’ page. Although the stress and linking diacritics are 
used frequently in the phonetic transcription throughout the book, there is no further 
reference to the concepts of stress and prosody (Criterion 4, Table 2-1). In their 
storylines, English G 21 and Notting Hill Gate 1 refer to Great Britain with its 
multicultural society (Edelhoff, 2007a; Schwarz, 2007). Although there is no explicit 
reference to a standard model of English (see Criterion 5, Table 2-1), British English 
seems to be the focus of the books. The choice of topics, the British spelling, and the 
choice of narrators on the audio CD all support this view16.  

                                                
16 None of the speakers on the recorded material shows a trace of regional, ethnic or other varieties of 
English.  
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Phoneme-grapheme correspondences (see Criterion 6, Table 2-1) are implicitly 
trained in tasks where students have to match words according to their sounds (see 
Table 2-2). Nevertheless, neither English G 21 nor Notting Hill Gate 1 offer explanations 
of the different phonetic realisations of graphemes.  

The seventh criterion (see Table 2-1) investigates whether the textbook offers 
information regarding the characteristics of the spoken language, such as devoicing, 
contractions, elisions, etc. Although teaching materials in both textbooks use the terms 
‘voiced’ and ‘voiceless’ in the teachers’ manuals and apply contractions in the phonetic 
transcription, no further information is given about the nature of voicing or its relevance 
for pronunciation teaching. Generally, there is minimal information on the 
characteristics of the spoken language – for both teachers and students.  

This lack of information is also reflected in the pronunciation exercises where the 
students are required to match or listen for specific sounds, but the exercises offer 
barely any explanation regarding the pronunciation task in focus. Moreover, there is no 
introduction given to the discrimination of sounds at the beginning of the pronunciation 
instruction or to the use of phonetic transcription (see Criterion 8, Table 2-1).  

Applying Kieweg’s (1998) pronunciation criteria, both of the analysed textbooks 
include a large number of pronunciation activities and, notably, there is a lot of audio 
material. Nevertheless, in the textbooks there is no statement on the concept of 
pronunciation teaching, no identification of problematic pronunciation areas and/or how 
to deal with them in class. Although phonetic transcription is frequently used, there is 
no statement on how to implement it in the classroom or any reference to a language 
standard. Although the exercises tackle several problematic pronunciation areas, there 
is no systematic progression in the pronunciation training.  

With regard to the curricula (see Section 2.2), both textbooks put the official 
specifications into action. There are numerous tasks with speech production by native 
speakers using the `General British´ pronunciation standard. The phonetic transcription 
is used receptively and there are many tasks that deal with the identified pronunciation 
problem areas, such as the sounds /θ, ð/, 3rd person singular, plural and past tense 
endings, etc. Nevertheless, as already mentioned, there is still a lot of important 
information missing concerning the pronunciation teaching approach, progression 
through tasks, and background information regarding the addressed pronunciation 
areas. So, with reference to the curricula and the analysed textbooks, the planning and 
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implementation of pronunciation teaching is largely the responsibility of the respective 
teacher. To shed light on how the teachers actually do the pronunciation work in the 
English foreign language classroom, Section 2.4.presents the outcomes of a teacher 
questionnaire on pronunciation teaching.  

2.4 Questionnaire data  

This section describes the daily practice of English L2 pronunciation teaching in the 
lower secondary grades in Hesse, Germany. The information was gathered using an 
online questionnaire17 for teachers which was designed and piloted by the author and 
approved by the Hessian Ministry of Education18. Using the mailing list of the Centre for 
Teacher Education in Frankfurt (Zentrum für Lehrerbildung, (ZFL, 2011) the online 
questionnaire was sent via email to all secondary schools in Hesse19. The complete 
questionnaire is presented in the appendix (see p. 217). Given the large amount of 
content covered in the survey, only selected topics will be summarised in this section.  

In total, 245 English language teachers from all types of schools in Hesse 
completed the questionnaire. Almost one quarter of the respondents (24.9%) taught at 
an integrated or non-integrated comprehensive school; 38.3% taught at a grammar 
school; 8% taught at a Realschule and 3.4% had a Hauptschule background. The 
participating teachers mainly taught students between the ages of 10 and 15 (see Table 
2-3). 

Table 2-3: Taught student age (Teacher questionnaire) 
 Students at the ages 

of about 10-12 
Students at the ages 

of about 13-15 
Students at the ages 

of about 16-19 
Valid Percentages 41.8% 49.4% 28.7% 

Almost three quarters (73.9%) of the participants are female and about one 
quarter (26.1%) male and they differed quite markedly with respect to their teaching 
experience (see Table 2-4). 
  

                                                
17 The questionnaire was carried out with Limesurvey software (Limesurvey, 2012) 
18 The approval to conduct a teacher survey at Hessian secondary schools was granted by the head of the 

division of primary schools as well as the data protection commissioner of the Hessian Ministry of 
Education on August 26th, 2009 (Reference number: 660.003.000-304). 

19 To maximise the level of participation, two iPod Nano were raffled among all participants. 
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Table 2-4: Years of teaching experience (Teacher questionnaire) 
Years (teaching 
experience) 

Less than 
5 6-10 11-14 15-

19 
20-
24 

25-
29 

More then 
25 

Valid Percentages 32.4% 14.8% 15.9% 6.8% 4.5% 6.8% 18.8% 

The respondents’ answers were given with reference to the pronunciation work in 
grades five and six – that is, English as Foreign Language (L2) students at ages 10 to 
12. This corresponds to the researched age group. Information was retrieved on the 
following topics:  

§ How big is the students’ and teachers’ interest in pronunciation teaching? 
§ How much and how often does pronunciation work take place? 
§ What kinds of activities are used to introduce and practise pronunciation? 
§ Which resources do teachers use to teach pronunciation?  
§ How do teachers deal with speech standards and varieties?  
§ What are the goals of pronunciation teaching? 
§ How do teachers introduce new items and correct pronunciation errors? 
§ What features of pronunciation are perceived as particularly difficult? 
§ What impact does the student’s language background have on pronunciation 

errors? 

Most of the participating teachers showed a strong or even very strong interest in 
integrating pronunciation teaching into their English lessons (see Table 2-5). 

Table 2-5: Importance of pronunciation work (Teacher questionnaire) 
 Very important Important Neither Unimportant Very 

unimportant 
Valid 
Percentages 40.8% 40.4% 15.9% 2.4% .4% 

With regard to their students, 90% of the teachers were convinced that their 
students also have a strong or very strong interest in pronunciation exercises. This 
interest was also reflected in the frequency of pronunciation work in the classroom. 
Nearly half of the participating teachers reported doing pronunciation exercises at least 
once a week, and one quarter said they integrate them in every English lesson (see 
Table 2-6). 

Table 2-6: Frequency of pronunciation work (Teacher questionnaire) 
 

Very often  
(in every 

English lesson) 

Frequently (at 
least once a 

week) 

From time 
to time 

(more than 
once a 
month) 

Rarely 
(about once a 

month) 
Hardly 
ever 

Valid Percentages 25.1% 47.0% 23.3% 3.2% 1.4% 

In general, the duration of these exercises ranged between five minutes (51.2%) and 
ten minutes (30.2%). Nevertheless, more than half of the teachers (55.1%) thought that 



An Empirical Investigation of Pronunciation Problems of Young FL Learners of English 

 33 

pronunciation exercises should be more strongly integrated into the English lessons. It 
was reported that pronunciation is very often taught with the help of words, phrases 
and sentences. Reading text passages and the use of dialogues were also very 
common methods. The textbook and the related materials are the main resources in 
the English lessons (Kieweg, 1998). However, 34.5% of the participating teachers did 
not think that these sources contained sufficient pronunciation exercises and almost 
half (44.5%) of the teachers said they would like to have more pronunciation tasks in 
their textbooks and accompanying materials. Additional materials were used by 27.9% 
of respondents to teach pronunciation.   

The participating teachers indicated a very positive attitude towards their own 
language skills. Of the group, 65.8% referred to their own language level as near-native 
and one fifth (20.6%) even rated themselves as native-like. With reference to the variety 
of English they speak, nearly 70% of the participants classified it as British English; one 
third even identified it as `received pronunciation´ (see Table 2-7). Also, British English 
varieties were the most widely used in the classroom, followed by American English 
varieties.  

Table 2-7: Speech standards (Teacher questionnaire) 
 British English American 

English 
Australian 

English 
New 

Zealand 
English 

Other RP General Scots Irish 
Valid 
Percentages 31.3% 37.9% .4% 1.2% 25.5% .8% .4% 2.5% 

For about three-quarters of the participating teachers, intelligibility was seen as 
the major goal of pronunciation teaching (see Table 2-8): 

Table 2-8: Goal of pronunciation teaching (Teacher questionnaire) 
 Native-speaker 

competence Intelligibility As long as the students talk 
at all, I’m happy 

Valid Percentages 13.9% 75.4% 10.7% 

With regard to phonetic transcription, 85.3% of the participating teachers felt 
competent enough to use it and almost two thirds of the teachers believed that it helps 
at least some students to improve their pronunciation competence (see Table 2-9). 
Despite these results, only 55.9% of the teachers reported integrating phonetic 
transcription into their lessons, where the students mainly had to understand it 
receptively and not productively.  
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Table 2-9: Impact of phonetic transcription (Teacher questionnaire) 
 

Yes, 
definitely It helps for some students No I don’t know 

Valid 
Percentages 17.5% 52.1% 22.3% 8.1% 

Of the respondents, 63.6% reported that they correct only their students’ profound 
mistakes (see Table 2-10). There appeared to be some discrepancy here with regard 
to the teachers’ opinions on how often their students wanted to be corrected, since the 
teachers thought that the students wanted correction less often (see Table 2-10, Table 
2-11). 

Table 2-10: Frequency of error correction (teacher) (Teacher questionnaire) 
 At every 

mistake 
Only at profound 

mistakes 
From time to 

time Rarely Rather 
not 

Valid 
Percentages 23.8% 63.6% 11.7% 0.9% 0% 

 

Table 2-11: Frequency of error correction (Teacher questionnaire: teachers’ opinions on stu-
dents’ preferences)  

 At every 
mistake 

Only at profound 
mistakes 

From time to 
time Rarely Rather 

not 
Valid 
Percentages 12.1% 42.4% 28.1% 10.4% 6,9% 

The most frequent corrective action reported by the teachers was to model the 
correct version themselves. Other frequently used feedback options were to offer 
listening examples and to refer to similar-sounding words and to phonetic transcription.  

76.1% of the teachers thought that the specific language background of an 
English learner accounts for specific pronunciation problems. The participating 
teachers identified various sounds as the most difficult ones for learners of English 
coming from German, Turkish, Russian and Polish language backgrounds, and these 
sounds are ranked in Table 2-12: 

Table 2-12: Top five most difficult sounds by language background (Teacher questionnaire) 
 

Top 5 German (1st question20) German (2nd question) Turkish Russian Polish 
1. /θ/ (n=163) /θ/ (n=94) /θ/ (n=26) /r/ (n=15) /θ/ (n=10) 
2. /ð/ (n=141) /ð/ (n=75) /ð/ (n=22) /θ/ (n=12) /ð/ (n=8) 
3. /ɔ:/ (n= 93) /v/ (n=31) /eə/ (n=14) /ð/ (n=10) /r/ (n=5) 
4. /v/ (n=76) /w/ (n=30) /n/ (n=13) /w/ (n=5) /u:/ (n=3) 
5. /ʒ/ (n=75) /eə/ (n=28) /ɔ:/ (n=12) 

/r/ (n=12) 
/ɔ:/ (n=4) /əʊ/ (n=3) 

                                                
20 The teachers were asked to answer this question at two times in the questionnaire. Thus, both answers 

are presented in Table 2-12.  
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Of the teachers in this sample, 55.1% thought that pronunciation exercises should be 
more strongly integrated into English lessons, while 40.8% did not feel adequately 
educated in pronunciation teaching and 61.9% said they would like to take part in 
pronunciation teacher trainings.  

Studies have shown that pronunciation teaching plays only a marginal role in 
standard foreign language teaching (Haß, 2006; Mehlhorn, 2005). However, the 
teacher questionnaire conducted for this study, although geographically restricted to 
Hesse, clearly showed a different picture. To summarise the key findings of the 
questionnaire: most of the participants had a very strong interest in pronunciation 
teaching and reported carrying out pronunciation exercises in lower secondary L2 
English classes about every week and very often in every English lesson. This evident 
interest is supported by the survey finding that almost half of the participating teachers 
wanted more pronunciation exercises in the textbooks and accompanying materials 
and the fact that many teachers reported using additional materials. Nevertheless, it is 
important to reiterate that 40% of the teachers indicated that their own education in 
pronunciation teaching and learning was not sufficient and, even more striking, over 
60% wanted to take part in pronunciation teacher training. These findings might bear a 
relationship to the flaws found in the textbooks and teachers’ manuals, such as the lack 
of explanation of key concepts and the inadequate progression within the exercises 
(see Section 2-3 above). 

2.5 Summary 

This chapter intended to set the scene for the intervention study. First, it described 
current language pedagogy and the objectives of pronunciation teaching. It became 
apparent that pronunciation is taught only as a by-product to negotiate meaning in 
discourse and is not treated as a discrete objective. With the development of 
communicative approaches to language learning and the rise of global English, 
intelligibility has surpassed ‘nativeness’ as a principal objective. An examination of the 
relevant curricular guidelines offered a mixed picture. The former curricula referred to 
one of the standard English varieties as a speech standard. However, the new 
educational standards and the CEFR, which replaced the curricula, do not refer to a 
speech standard. However, it might still be advisable to use a standard variety of 
English as a reference point for students and teachers in order to give language 
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learners a pronunciation framework and yardstick. The former curricula also contained 
comprehensive guidance on which pronunciation features to teach, but they did not 
prescribe or recommend best methods to implement and structure pronunciation 
teaching in the classroom. The same issue holds true for the textbook analysis. Despite 
the fact that there is a significant number of exercises and pronunciation activities in 
the textbooks and numerous audio and video materials, there is little systematic 
structure to the tasks and minimal information on how to teach pronunciation. So, the 
responsibility for actual planning, methods and implementation of pronunciation 
teaching again rests predominantly with the class teacher. Importantly, the outcomes 
of the teacher questionnaire showed that although pronunciation was regarded as an 
integral part of English foreign language teaching, teachers did not feel adequately 
educated in pronunciation teaching and desired training in this area. This gap might be 
connected to the lack of explanatory detail in the textbooks and teachers’ manuals.  

It was asserted in the introduction to this thesis that in order to fully understand 
this field, an investigation of pronunciation teaching needs not only to examine closely 
the status quo of pronunciation teaching, it must evaluate the success of applied 
pronunciation trainings and consider the findings of second language acquisition 
research. Relevant research in applied linguistics is therefore the focus of the next 
Chapter 3. 
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3. Literature: Second Language Pronunciation 

In this thesis a pronunciation training programme is developed (see Chapter 4) that is 
implemented within the language education of English L2 learners at the ages of 10-12 
in Frankfurt, Germany. It is for this reason, that the literature chapter first looks at prior 
L2 pronunciation intervention studies (see Section 3.1) and then looks at explanations 
for what causes the difficulties in achieving accurate pronunciation. For this purpose, 
Section 3.2 provides an overview of several basic linguistic theories of 2nd language 
pronunciation such as native language transfer, language universals and the role of the 
similarity between the L1 and the L2. Then, Section 3.3 looks at linguistic theories of 
L2 speech perception and production with regards to the context at hand and also takes 
the physiological and neurological background of pronunciation learning such as 
speech motor control as well as mirror neurons into account. Deriving from the outlined 
theories and models, the theoretical paradigm which provides the linguistic foundation 
for the pronunciation programme investigated in this study is presented (see Section 
3.4). Based on the presented findings, reasons for the choice of the pronunciation 
objective targeted in the intervention are given in Section 3.5. As non-linguistic factors 
such as age of learning, gender, language use, formal instruction, motivation and socio-
economic factors also affect L2 pronunciation training (Major, 2001; Wieden & Nemser, 
1991) they are presented in the last section 3.6 which also provides the rationale for 
the choice of research subjects. The literature chapter thus provides the framework for 
the conception of the pronunciation intervention, that is presented in Chapter 4.  

3.1 Previous pronunciation instruction studies  

Most of second language pronunciation research still centres around the theoretical 
processes of speech acquisition and even more on single isolated areas which are not 
directly applicable to language teaching. This might be due to the fact that research 
tends to focus on testing a theoretical proposal about the speech acquisition process 
itself and is less concerned about evaluating the efficacy of pedagogical interventions 
(Derwing & Munro, 2015). As outlined in the introduction to this thesis, the mostly form-
focused pronunciation instruction has played a minor role for several decades due to 
the rise of communicative language teaching in the 1980s (see Chapter 1). However, 
in the past 10 to 15 years conference proceedings and research have shown a renewed 
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interest in pronunciation teaching that is rapidly growing (Thomson and Derwing 2014). 
Within this scope, there have been an increasing number of studies that have tried to 
test the efficacy of pronunciation training programmes (Thomson & Derwing 2015). 
However, the studies vary greatly, as pronunciation learning and language teaching in 
themselves are highly complex, and there are vast differences with regards to the 
training scope, choice of subjects, target language and elicitation and evaluation of the 
data. In their review paper, Thomson and Derwing (2014: 2f) look at the conception of 
pronunciation instruction studies and provide some benchmark with regards to a “good” 
pronunciation training study:  

§ “pronunciation research should be primarily concerned with helping learners to 
become more understandable; 

§ provide enough detail about participants and procedures to allow replication; 
§ have large enough samples to conduct statistical analyses, including effect 

sizes; 
§ employ a control group to verify that improvement is a result of instruction;  
§ not limit assessment stimuli measuring learners’ pronunciation ability to reading 

aloud; extemporaneous or spontaneous speech that better reflects natural 
communication is important; 

§ include a delayed post-test to determine whether the intervention had a lasting 
effect;  

§ to address concerns regarding ecological validity, the ideal study should be 
conducted in the classroom;  

§ complementary qualitative analyses should be conducted to provide insights in 
learning, such as motivation, the nature of interactions in the L2, and other social 
influences”.  

Thomson and Derwing (2015) provide a meta-analysis and look at 75 pronunciation 
studies including peer-reviewed as well as unpublished manuscripts. However, only six 
studies present data for classroom-based interventions with younger learners (ages 
ranging from 8.4 to 20) in primary or secondary school education despite the high 
ecological validity (Cardoso 2010; Chen and Goswami 2011; Kennedy 2003; Lima 
2010; Trofimovich et al. 2009; Tsiartsioni 2010) for reference see Table 10-1 in the 
appendix). One of the reasons why rather few researchers have chosen classroom-
based learners in primary and secondary school education might be the complex nature 
of this kind of research: Ethics approvals are not only needed from the board of the 
researcher’s university but also from the responsible body of the institution at hand. 
Moreover, parental consent is usually needed for younger students and the cooperation 
of the responsible teachers and departments is required. In addition, the relevant 
language curriculum has to be considered to ensure the ecological validity of the study. 
As it is usually not possible to research the students outside the classroom it might be 
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hard to find enough matching subjects in the intact classroom and to get a large enough 
sample size. Also, the attrition rate is rather high due to teachers and students falling 
ill and the school routine with its field trips and term restrictions (Derwing and Munro 
2015). 

In the following, those six studies dealing with younger classroom-based learners 
identified by Thomson and Derwing (2014) will be summarised, highlighting their 
individual approaches to research designs and analyses. One of these studies was 
carried out by Cardoso (2010) who looks at 30 monolingual speakers of Brazilian 
Portuguese (BP) at the ages from 15 to 20 (M = 16.3) who attend a secondary public 
school in Brazil. However, the intervention does not take place in a regular foreign 
language classroom but offers an extra-curricular five weeks course to learn an 
invented language called Slavir, which is designed to consist of many homorganic 
onset clusters (e.g. /sl/, /sn/, /st/). These often appear in foreign languages but are 
particularly difficult for BP learners as these clusters are not part of their sound 
inventory. Cardoso uses a quasi-experimental, within groups pre-test/ post-test design 
to test three different types of instructions: Teachability (Pienemann 1984), Projection 
of Markedness (Zobl 1983) and a combination of these two. To evaluate each of the 
three theoretical paradigms, three 30 minutes Slavir teaching sessions conducted in 
BP were offered. The Projection group was taught exclusively /st/ initial words, the 
Teachability group was taught one /s/ + consonant onset cluster (SC) per session 
following the natural order of acquisition (/sl/</sn/< /st/) and the mixed group was taught 
all three SC sequences throughout the Slavir course. The pronunciation sessions 
followed Thornbury’s (2002) guidelines to teach vocabulary. After each of the three 
sessions a word reading aloud task was administered which was recorded, transcribed 
and analysed using accuracy scores. The result showed that the Projection group 
focusing on the more marked /st/ cluster had the best overall performance, followed by 
Teachability and the mixed group. Although Cardoso’s study has some implication for 
language teaching as his study supports the Markedness Hypothesis and the author 
concluded that the instructional effects of mastering the most marked /st/ cluster 
projects to the acquisition of the less marked forms /sl/ and /sn/, the ecological validity 
can be questioned as there is no connection to a real foreign language classroom or 
curriculum or even a real language.  

Similar to Cardoso, Chen and Goswami (2011) set out to test the impact of a 
theoretical paradigm on pronunciation learning. In their intervention study they 
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investigated how Cooperative Learning (CL) affects the pronunciation skills of 44 
Mexican Spanish L2 learners at the ages 15 to 19. They focussed on seven English 
consonants (/t/, /d/, /v/, /z/, /ð/, /θ/, /š/) that are deemed particularly difficult for Spanish 
learners of English. The subjects were enrolled in two different pronunciation classes 
at a private, residential high school. One class received conventional teaching (n=25) 
while the other class was taught using a CL approach (n=19). Despite some indication 
of mostly task-oriented activities that were applied in the training programme of the CL 
classroom (e.g. Power Point, Jeopardy, Bingo, etc.), the paper does not outline in detail 
how both approaches were implemented. The phonetic and phonological instruction of 
how to pronounce the sounds and words including those seven English consonants 
took place for 90 minutes a day from Monday to Friday over the course of six weeks 
which amounts to 45 hours of teaching time in total. The pronunciation of the target 
sounds was audio taped and video recorded before and after the intervention. The 
researchers themselves recorded and evaluated the pronunciation data as either 
correct or incorrect. The overall performance for both groups showed a significant 
increase in the pronunciation scores which was assigned to the implementation of 
phonetic and phonological instruction in general. Nevertheless, there was no statistical 
difference in the performance between the intervention and control group, supporting 
the view that CL did not positively impact on the development of pronunciation skills.  

According to Lima (2010) Brazilian English L2 textbooks usually focus on a 
worldwide audience with different L1’s and thus do not specifically take problems of 
Brazilian learners of English into account. Thus, the study (2010) investigated whether 
the explicit teaching of segmental features of English sounds that are problematic to 
Brazilian EFL learners (i.e. /θ/,/ð/, /æ/, /ɬ/,/uː/, final /t, d, ɪd/,/iː/, /h/, /t/, /i:/, /h/, /r/, /ɪ/,/ə/, 
/ə/, /ɽ/) might enhance pronunciation proficiency. Lima applied interventionist action 
research and looked at 28 11- to 13-year-old students with a basic level of English in 
two intact classes. Both groups received the same amount of English instruction (59 
hours) that also included pronunciation work (4 hours) over the course of one semester. 
In contrast to the control group (n = 11) for which the exact time and content of 
pronunciation work was not specified, the intervention group (n = 17) dedicated 15 
minutes from the regular class each week on explicit teaching of the identified 
segments. The pronunciation sessions were structured according to the communicative 
framework to teach pronunciation as proposed by Celce-Murcia et al. (1997). First, the 
sounds were introduced and it was explained how the sound is articulated and minimal 
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pair activities were used. After that the sounds were practised in controlled tasks and 
finally communicative activities with meaningful and authentic discourse took place. 
The pronunciation performance was tested before and after the intervention and a 
delayed post-test took place 11 months after the intervention was completed. Reading 
aloud diagnostic tests that included words and sentences containing the target sounds 
were carried out and the results were presented with the help of the reduction in error 
occurrences between the tests. The evaluation of the data showed a higher decrease 
in error occurrence for the intervention group (56% vs. 46%) between pre- and post-
test and for each participant in comparison to the control group (57% vs. 54%). The 
delayed post-test applied 11 months later demonstrated even slightly lower error 
occurrences (46% vs. 43%) between post- and follow-up test in the intervention group. 
Lima argues that this supported the durability of the explicit pronunciation teaching. 
However, no statistical analysis of the presented data was provided and there was also 
a slight decrease in error occurrence in the control group between the post- and follow-
up test (54% vs. 51%).  

Kennedy (2003) looked at the effects of corrective feedback provided by peers on 
the pronunciation of the participants. 47 L1 Canadian French speaking junior college 
students between the ages of 17 to 20 in an English as a second language classroom 
participated in the study. The students had the same level of English. The assignment 
to experimental (n = 22) and control group (n = 25) took place via intact classes. For 
both groups language teaching took place three hours per week for 15 weeks while 
nine weeks were dedicated to the treatment phase in the intervention group. After a 
pre-treatment phase in which language samples were collected to target problematic 
sound, the experimental group was then trained on how to pronounce target words and 
instructed how to provide corrective feedback on the “th” sounds /θ/ and /ð/ which are 
not part of the French sound inventory. The nine-week treatment phase then allowed 
the participants to provide oral peer corrective feedback to each other. The training 
material consisted of Power Point slides showing how to correctly produce /θ/ and /ð/ 
and examples on how to deliver peer corrective feedback. A pre- / post-test design was 
applied in which a prepared dialogue was presented by the participants and audio 
recorded. The students’ production of the “th” was rated by the researcher with the help 
of accuracy scores (0. -1, -2) of the number of produced “th”-sounds, eg. if the transcript 
showed 42 obligatory productions of “th” and produced it 9 times native like, the 
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accuracy score was 9/42 or .21. The results did not show significant differences 
between the two groups. 

Trofimovich, Lightbown, Halter and Song (2009) designed a longitudinal study 
examining whether comprehension practice in listening and reading in the absence of 
speaking could help to develop L2 pronunciation skills. They hypothesed that a 
learner’s success in mastering a second language depended on the knowledge about 
the language itself. They looked at 74 students (mean age 8.4) in year three, in which 
the French L1 students started to learn English, and year four from 20 intact ESL 
classes in Canada. 12 classes implemented the training programme consisting entirely 
of listening and reading activities. The remaining eight classes received “regular” 
comprehension based English lessons, mostly focusing on communication and also 
including a minimal amount of reading and writing skills. All subjects were followed for 
two years and tested at the end of grade three and four using an elicited imitation task 
(repeating six simple sentences with four to nine syllables in length). 20 native speakers 
of English transcribed the sentences and graded them with regards to accentedness, 
comprehensibility and fluency. The analysis was carried out using repetition accuracy 
scores in which the total number of words in the prompt was divided by the number of 
words correctly produced by the subjects. The results did not show a difference 
between the two groups at year three, however, the listener ratings of comprehensibility 
and fluency showed higher proficiency for the regular course in year four.  

In her study, Tsiartsioni (2010) examines the production and acquisition of English 
L2 speech rhythm within a formal school setting. It included 72 native speakers of 
Greek, aged 10- , 13- and 16-years. From each age group half of the learners were 
enrolled in the training programme (50 10 to 15 minutes lessons), which were 
embedded in their regular English classes at school. The control group received the 
same amount of teaching time in their regular class sessions. The training programme 
presented by the researcher focused on the pronunciation of English stops, speech 
rhythm (word and sentence stress) as well as reduced vs. stressed patterns. Similar to 
Lima (see above), Tsiartsioni applied Celce-Murcia et al’s (1997) communicative 
framework to teach pronunciation as a teaching method. Participants’ speech samples 
comprised of reading-aloud texts which were recorded before and after the intervention. 
As the perception of speech rhythm depends on the differences in the variability 
between the duration in vocalic and consonantal intervals, the Pairwise Variablity Index 
(PVI) was used to evaluate the data. Therefore, the duration of 125 vocalic and 125 
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intervocalic intervals were measured with the acoustic speech analysis programme 
Praat. The analyses showed a change in the PVI values towards the native target in 
the intervention group with regards to the sounds taught in the intervention. However, 
the results were not always statistically significant.  

The above summary of the studies highlights the heterogeneity of research 
approaches applied to study the efficacy of different ways to teach English 
pronunciation. In addition, with reference to the criteria outlined by Thomson and 
Derwing 2014), several limitations of the studies can be identified. For example, apart 
from Cardoso’s study, which offered an extra-curricular course to learn an invented 
language, all of the other presented studies were conducted in a foreign language 
classroom demonstrating a high ecological validity. However, the presented training 
programmes appear to be stand-alone isolated pronunciation tasks, as none of them 
actually mentions how the applied interventions can be integrated in the foreign 
language curriculum of the researched participants. In order to verify that improvement 
is a result of instruction, all presented studies employ a control group design but only 
Lima (2010) and Trofimovich et al. (2009) apply a delayed post-test to determine 
whether the intervention had a long-term effect. None of the presented studies included 
complementary qualitive analyses to provide insights in the learning process. To 
assess the learners’ pronunciation ability, most of the studies (Cardoso 2010; Chen 
and Goswami 2011; Kennedy 2003; Lima 2010; Tsiartsioni 2010) used reading aloud 
tasks in contrast to spontaneous speech. Although Chen and Goswami (2011), Lima 
(2010) and Tsiartsioni (2010) provide some general information on the applied methods 
or activities implemented in the training programme, only Kennedy (2003) provides 
enough detail about the procedures to allow replication. Apart from Lima (2010), who 
presents decreasing error occurrence numbers as a result of the training programme 
but does not provide any statistical tests, none of the presented studies could show 
statistically significant evidence of improved intelligibility and comprehensibility as a 
result of the pronunciation intervention. However, there was usually an increase in 
performance for both groups over time that could be assigned to ongoing foreign 
language learning impact and maturation. 

These presented challenges of classroom-based intervention might be the reason 
why most pronunciation intervention studies focus on adult learners outside a 
classrooms context (for an overview see Table 10-2, Table 10-3, Table 10-4 and Table 
10-5 in the Appendix, p. 200f.) and the training scope also varies greatly among those 
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studies. With communicative competence being the main goal of 2nd language teaching 
(see Chapter  1 and Section 2.1), intelligibility plays a major role. Therefore it does not 
come as a surprise that a lot of studies focus on linking words and suprasegemental 
elements, e.g. (Henderson, 2008; Hincks & Edlund, 2009; Ingels, 2011; Perlmutter, 
1989; Sardegna, 2011). However, research on the development of L2 
suprasegementals is scarce (Pickering 2012). This might be the reason why most of 
the time segments (see Table 10-2) are at the linguistic focus of the pronunciation 
studies (Elliott, 1995; Garcia, 2005; Huthaily, 2008; Liu & Fu, 2011; Warsi, 2001) as 
there is a huge amount of research and lab studies that focus on segments in the field 
of second language acquisition which can be used as a theoretical framework (Chen & 
Goswami, 2011; Derwing & Munro, 2015, p. 110; Lima, 2010). Very often salient 
segments chosen on the basis of contrastive analysis are at the core of the investigation 
(e.g. Chen & Goswami, 2011; Huthaily, 2008;  Warsi, 2001). 

To evaluate the pronunciation performance there is a variety of test instruments. 
Very often rating scales (see Section 7.5.1) are used to validate the auditory impression  
(see Counselman, 2010; Munro & Derwing, 2008; Perlmutter, 1989). Despite its rather 
subjective nature, the huge advantage of this kind of assessment is that even larger 
amounts of data can be analysed and in particular that it focuses on the intelligibility 
and comprehensibility of the language which reflects the purpose of pronunciation 
teaching (see Section 2.1; Derwing & Munro, 2015). In order to get objective 
measurements, some research looks at acoustic cues such as voice onset time, 
formant frequencies, pitch and duration (Counselman, 2010; Hicks & Edlund,2009, 
Suarez, 2013; see Section 7.5.2). Probably due to the immense amount of possible 
acoustic data points and the time-consuming evaluation most of the studies that use 
acoustic analysis, focus on a modest number of participants and a manageable training 
scope (see Table 10-5).  

 A lot of studies have provided information that pronunciation instruction is 
successful and can improve learners’ productions (see Section 3.6.2; Derwing & 
Rossiter, 2003; Derwing & Munro, 2015; Flege, Frieda, & Nozawa, 1997; Flege et al., 
1995; Missaglia, 1999; Missaglia & Sendelmeier, 1999; Piske et al., 2001a; Wode, 
1993). In addition, it can even surpass the effects of just being exposed to the target 
language (see Section 3.6.1). Some studies (Couper, 2011; Ingels, 2011; Nagamine, 
2011; Sardegna, 2011) have shown that awareness training can increase pronunciation 
learning. However, few studies clearly address the theoretical paradigm that forms the 



An Empirical Investigation of Pronunciation Problems of Young FL Learners of English 

 45 

basis for the interventions (see Table 10-3) or have even linked the outcomes to the 
pedagogical concept of the training programmes. This does not only make it difficult to 
evaluate the impact of the intervention itself and poses a gap in the research but it is 
also unsatisfactory for second language teachers who are in need of successful 
pronunciation concepts. It is for this reason that the following sections look on research 
in 2nd language pronunciation in order to compile a suitable concept for the 
pronunciation intervention that forms the basis of this thesis. 

3.2 Theories of second language pronunciation 

This section aims to give a brief consideration to the most common second language 
theories in order to establish a basis for the pronunciation intervention. Learning a 
second language means that there is already the linguistic system of the L1 in place. 
On this basis, the influence of the L1 on the learner’s L2 is still today one of the most 
relevant issues in the study of second language acquisition (Gut, 2009).  

Research into the study of L2 phonology can be divided into two areas. The first 
one explains pronunciation problems with the help of two linguistic systems in place; 
the native language (NL) and the target language (TL) (Eckman, 2012). The second 
area takes the postulation of the interlanguage hypothesis (IL) into account. This means 
that learners create their own mental system of the target language “that enables them 
to produce and understand utterances of the target language (Eckman, 2012, p. 
94).”From the 1950’s onwards, `Contrastive Analysis´ (CA) has tried to predict 
language learners’ performances with regards to learning new segments (Archibald & 
Young-Scholten, 2003) and to explain the nature of L2 accents (Pickering, 2012). In his 
book `Linguistics Across Cultures: Applied Linguistics for Language Teachers´ Lado 
(cf. 1957) postulates the `Contrastive Analysis Hypothesis´ (CAH) in which he claims 
that the language learner’s mistakes are due to transfer from the L1 to the L2. In this 
context, pronunciation errors could be explained by the comparison between the native 
language and target language phoneme inventories. In the 1970’s the `creative 
constructionists´ criticised the idea of L1 language transfer with regards to the 
acquisition of morpho-syntax as many errors predicted by the CA could not be observed 
in the learner’s L2 language and, moreover, learners produced some uniform errors 
regardless of their L1. They argued that cognitive processes generating patterns of 
morphology and syntax could explain these errors. Nevertheless, with regards to L2 
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phonology, errors were still explained by automatic processes such as L1 transfer, 
articulatory problems and perceptual filtering (see Section 3.3.1; Archibald & Young-
Scholten, 2003). In addition to Lado’s Contrastive Analysis Hypothesis, which tries to 
explain the learning difficulties only as a result of transfer, Eckman (cf. 1977) introduces 
the idea of `markedness´ to L1 transfer. The `Markedness Differential Hypothesis´ 
(MDH) describes the asymmetrical relationship between two propositions. Eckman 
argued that in a marked/ unmarked relationship, one element is more basic and 
dominant (e.g. certain) than the other. This element is described as “unmarked”, 
whereas the “marked” term refers to a segment that can be deduced from the unmarked 
form (e.g. uncertain) and is rather more complex. In this asymmetrical relationship, if 
the marked proposition is true, then the unmarked proposition is true as well. However, 
if the unmarked proposition is true, nothing can be deduced about the truth of the 
marked proposition (Young, 2011). Eckman claims that only those L2 segments that 
differ from the L1 are difficult to acquire if they are more marked than the L1 segment 
(Eckman, 2008). However, there are some L2 patterns in which the structure adheres 
to the markedness principle, but which were independent of the L1 and L2 and thus 
cannot be explained by the MDH. So, with the development of the interlanguage 
hypothesis in 1984, Eckman puts forward the ̀ Structural Conformity Hypothesis´ (SCH) 
(amended in 1991) in which he eliminates the difference between the native language 
and the target language as a criterion for markedness (Eckman, 2008, 2012). The term 
language universals (U) is used differently in the literature. In the Chomskian way, 
language universals consist of a whole set of universal principles, including `universal 
grammar´ (UG). They are defined by an innate language module that operates in all 
human languages (Carr, 2008; Major, 2001). According to Prince & Smolensky (2002, 
p. 2) “Universal Grammar consists largely of a set of constraints on representational 
well-formedness, out of which individual grammars are constructed.” In the 1970’s a 
closer investigation of the learner language through error analysis began and there was 
a shift from the Contrastive Analysis towards the recognition that the learner creates 
his or her own version of the target language, the so-called `interlanguage´ (IL). An 
interlanguage refers to a mental system that allows the learner to produce and 
understand utterances of the target language and it can be seen as a stable, transitional 
grammar on its own (Eckman, 2012; Pickering, 2012; cf. Selinker, 1972). Interlanguage 
systems are constrained by general linguistic principles, which interact with the native 
language phonology (Eckman, 2012, p. 96). In contrast to the Contrastive Analysis, it 
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also allows for novel structures which are neither present in the L1 or the L2. Major’s 
Ontogeny Phylogeny Model (OPM) postulates that the interlanguage consists of three 
components, the L1, the L2 and language universals, that are not already part of either 
the L1 or L2 (2001). The impact of each of the three components changes throughout 
the different language acquisition stages. In the beginning of the language learning 
process there is no L2 and the language universals are dormant. With the increase of 
L2 input the L1 decreases, and the amount of the universals increases as well. Finally, 
when the L2 is completely mastered the language universals are not needed any longer 
(Major, 2001). 

The presented theories above are commonly used to explain second language 
acquisition with regards to pronunciation, but there is no theory that is completely able 
to account for all encompassing language learning processes (Archibald & Young-
Scholten, 2003). Moreover, the perception and production abilities of the learner play a 
major role in the acquisition of L2 pronunciation. Therefore, the following sections take 
a closer look at the theories of speech perception and speech production (see Section 
3.3).  

3.3 Theories of speech perception and production 

Traditionally, speech perception was looked at as an independent process and 
researchers did not take the muscular activity of the articulators into account (Hayward, 
2000). However, language learners do not only have to learn to perceive fine phonemic 
differences that might contradict the rules of their L1, they also have to learn how to 
articulate new sounds and sound sequences (Catford, 1988; Moyer, 2013). In this 
regard, the following paragraphs first present theories of speech perception, before 
having a closer look at speech production and the underlying motor-control processes 
as well as mirror neurons. Taking these findings into account, the theoretical paradigm 
of pronunciation intervention is developed and presented in the next section 3.4.   

3.3.1 Cross-language speech perception 

Every language differs in its sound system and it often seems that reaching native-like 
competence in L2 pronunciation is nearly unattainable (cf. Flege, 1995) due to the 
constraints of perceived similarities between non-native sounds and native categories 
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(Best, 1993; Cleary & Pisoni, 2001). Learning a foreign language means to encounter 
the new sound inventory of the target language. Not only does the production of a new 
sound cause problems, but, in particular, problems might arise from the learner’s 
inaccurate perception of an L2 sound (cf. Flege, 1995). Research has shown that the 
inability to correctly hear the L2 sounds is strongly influenced by the internal structure 
of maternal language categories (Bosch, Costa, & Sebastián-Gallés, 2000). 

Newborns have the ability to learn any of the thousand different languages in the 
world (Gopnik, Kuhl, & Meltzoff, 2001, p. 127) and can identify any speech sound 
independent of language or speaker. After about six months of age babies start to lose 
this ability and at about one year they can only differentiate between the sounds of their 
own language (Best, 1993; Gopnik et al., 2001). It seems that after having been 
exposed to their native language/s babies start to develop prototypes of the sounds of 
their language/s. On the basis of these prototypes, babies filter the speech input and 
develop sound categories, build up the sound inventory of their native language and 
start to lose the ability to discriminate between the sound differences of other languages 
(Gopnik et al., 2001; Hardison, 2012).  

Getting competent in the native language/s, therefore means losing the openness 
for non-native languages. In addition, mature learners show difficulties in discriminating 
many non-native speech contrasts that are not part of their L1 sound inventory (Avery 
& Ehrlich, 2002; Best, 1993, Best & Tyler, 2007). It seems that the experience gained 
as a young infant constitutes the groundwork for the adult speech perception (Cleary & 
Pisoni, 2001, p. 511). 

According to Strange (1995, p. 4f.) there is no  

“one-to-one correspondence between phonemes as perceived and the acoustic 
patterns generated by speech gestures that constitute the stimuli for speech 
perceptions. Thus, many physically different acoustic patterns may be 
categorised as the same phoneme (many-to-one correspondence).” 

Several theories try to account for cross-language speech perception. Two of the 
most frequently mentioned models are Best’s `Perceptual Assimilation Model´ (PAM) 
and Flege’s `Speech Learning Model´ (SLM) (Bosch et al., 2000). In contrast to the 
contrastive analysis hypothesis which concentrates on the differences between the 
native and target language, Flege’s SLM (1995) and Best’s PAM (1995) argue that the 
reasons for pronunciation problems lie in the similarities between the native language 
and the target language (Eckman, 2012; Mayr, 2005). Whereas the PAM concentrates 
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on perception patterns of non-native contrasts at the initial state of adult L2 learners, 
the SLM attempts “to predict perception and production patterns as they change with 
experience with the L2 (Strange et al., 1998, p. 313).” 

In her PAM, Best (cf. 1995) describes possible cross-language category 
assimilation patterns and predicts their consequences.  

“According to the PAM, when perceiving non-native segments, listeners can 
§ assimilate them to a native category (either as good or as bad examplars of it) 
§ perceive them as uncategoriseable speech sounds 
§ perceive the segments as non-speech (noise) 

Depending on which type of treatment the L2 sound has received, L2 listeners degree 
of difficulty in perceiving it will vary” (Strange et al., 1998, p. 313f.). 

 Flege introduces the term `equivalence classification´ proposing that L2 learners 
have already established phonetic categories in their L1’s and are likely to assimilate 
perceptually similar but phonetically distinct L2 phones into the same category of those 
of the native category (Pickering, 2012, p. 336). Flege argues: “The greater the 
perceived phonetic dissimilarity between an L2 sound and the closest L1 sound, the 
more likely it is that phonetic differences between the sounds will be discerned” (1995, 
p. 239). This hypothesis postulates that misperception leads to the accented inaccurate 
production and that changes in perception also results in the alteration of the 
production. However, not all inaccurate production is necessarily a result of missed 
perceptual cues.  

Building on his idea that the L1-L2 similarity of sounds rather than the difference 
leads to problems in speech acquisition (cf. Flege, 1987), and according to the 
aforementioned assumptions, Flege formulates the `Speech Learning Model´ (SLM), 
which he describes as follows (1995, p. 239): 

“An assumption we make is that the phonetic systems used in the production and 
perception of vowels and consonants remain adaptive over the life span, and that 
phonetic systems reorganize in response to the sounds encountered in an L2 
through the addition of new categories, or through the modification of old ones.”  

With more experience the learner will be able to identify the distinct L2 phonetic 
segments and be able to produce and perceive them more accurately (cf. Flege, 1995). 
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However, Flege’s SLM approach focuses on the production of segments21 and does 
not refer to suprasegmental features.  

 In 1995, Kuhl and Iverson introduce the concept of the `native language magnet´ 
showing that the exposure to a specific L1 early in life “results in a distortion of the 
perceived distances between stimuli; in a sense, language experience warps the 
acoustic space underlying phonetic perception (Kuhl & Iverson, 1995, p. 121f.).” On 
this account, L2 sounds that are similar to a specific L1 sounds, are attracted by the L1 
magnet and the learner cannot detect any perceptual difference between the two 
sounds (Best & Tyler, 2007; Hardison, 2012, p. 349). 

 The presented theories of speech perception show that L2 sounds, which are 
similar to a L1 sound, might be assimilated to a native L1 category and that sounds 
which are different enough might be perceived as a new category. However, in order 
to acquire a native-like pronunciation central perceptual representations for all of the 
L2 sounds need to be established. On this basis, pronunciation training has to focus on 
developing these perceptual representations. Yet, learning L2 pronunciation does not 
only involve speech perception, but also requires the ability to develop motor routines 
to produce the new physically different phones (Flege, 1997). Thus, the following 
section addresses the motor theory of speech perception.  

3.3.2 Motor theory of speech perception and production 

In order to produce intelligible speech, rapid muscular movements have to be carried 
out to coordinate the respiratory movements as well as the articulation of the glottis, 
pharynx, velum, jar, tongue, and lips (Pickett, 1999). In the 1950’s, Alvin Liebermann 
and Franklin Cooper originally proposed the motor theory of speech perception. They 
argued that speakers transfer their linguistic intentions into a series of speech 
movements of the articulatory tract, which are called `articulatory gestures´. According 
to the `motor theory´, there is a neural representation of which sound belongs to which 
`articulatory gesture´. In a similar fashion, the perceived acoustic signals are decoded 
by articulatory representations that synthesize the vocal tract shapes needed to 
produce a given speech pattern (Eckman, 2012; Pickering, 2012; cf. Selinker, 1972) 
instead of identifying the sound patterns of speech. The detection and production of 

                                                
21 Research on the development of L2 suprasegmentals is scarce (Pickering, 2012). 
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sounds is driven by the motor system in the central nervous system. Learning a new 
language means that the learner becomes able to “read” the articulatory gestures of an 
L2 speaker and that he also learns how to properly use the musculature of his mouth 
to produce a certain L2 sound (Avery & Ehrlich, 2002). 

 The `motor theory´ hypothesized that the processes to decode speech differ from 
those used to perceive non-speech acoustic signals (Strange, 1995). The `motor 
theory´ is also supported by the following findings: MacLeod and Summerfield showed 
that speech perception in noise increases if the subjects were able to see the speaker 
(cf. 1987). In their paper “Listening with hand and eye”, Fowler and Dekle (cf. 1991) 
found out that the perception of syllables improved for those participants who could 
haptically feel the syllable production. Moreover, the `McGurk effect´ shows that visual 
speech information strongly influences auditory cues (cf. McGurk & MacDonald, 1976).  

3.3.3 Mirror neurons 

In 1992 di Pellegrino et al. (1992:176) recorded that neurons in the inferior motor cortex 
of macaque monkeys not only discharged during goal-directed hand movements but 
were also activated when observing these meaningful hand movements carried out by 
the experimenters (Fogassi and Ferrari 2009:348). Accordingly, the neurons were 
called “mirror neurons” as they respond not only to performed actions but also to 
observed actions 3.3.1.  

Brain imaging experiments with humans showed that Broca’s area is also 
activated when observing hand and mouth movements confirming the existence of 
mirror neurons for action understanding in humans (Fogassi and Ferrari 2009:348). 
Due to this “mirror effect” persons are able to understand the actions of others, as they 
are able to internally simulate the action for themselves. This also holds true for 
language perception and the re-production of articulatory gestures (Bauer, 2008, p. 76). 
Research showed that when individuals observe biting actions or other individuals 
performing silent speech the inferior frontal gyrus is activated (Fogassi and Ferrari 
2009:348). With regard to pronunciation teaching the existence of mirror neurons 
means that learners might profit from seeing the production of new sounds in order to 
establish new perceptual representations for themselves (see Section 3.3.1). Hence, 
with the discovery of these mirror neurons, the motor theory of speech (see Section 
3.3.2) gained renewed interest. 
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3.4 The theoretical paradigm of the pronunciation intervention 

From the discussion of the previous sections of this chapter, several principal issues 
and suggestions with regards to second language pronunciation have arisen. The key 
aspects are summarised in the following paragraph (see Figure 3-1):  

 
Figure 3-1: Key aspects of pronunciation learning (adapted from Denes & Pinson, 1993) 

Each segment in the native language has neural representations of a sound 
target, which includes the oral perception of the sound as well as the articulatory 
gestures needed to produce a specific speech sound (cf. Eckman, 2012, p. 94f.). For 
language to be maximally efficient and to facilitate the intelligibility between different 
speakers, e.g. children, males and females with different vocal tract sizes as well as 
between speakers of different dialects, the concept of a language magnet provides a 
plausible framework. In this regard, small discrepancies in sound production and 
perception are not detected as the language experience warps the acoustic space of a 
sound target (Hardison, 2012; Kuhl & Iverson, 1995) and intelligible communication can 
take place.  

Second language sounds, that are different enough, are perceived as a new 
sound category. Nonetheless, the novel articulatory representations and gestures have 
to be acquired. If this learning process does not take place, the novel sounds might be 
substituted with other sounds, such as the English /θ/, which is frequently pronounced 
as an /s/ or /z/ by German speakers of English despite the fact that they are usually 
able to discriminate between the two sounds. However, L2 sounds that are similar to a 
native category might be assimilated to the latter. In this case, the pull of the L1 
language magnet has to be broken and the learner must be made aware of the 
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existence of the new sound category in order to acquire it competently. Regardless of 
the sound being similar or different, the learner has to be able to decode and produce 
the L2 articulatory gestures driven by the motor system in the central nervous system 
(Avery & Ehrlich, 2002). To facilitate this process, according to the notion of mirror 
neurons learners should focus on the articulatory gestures of a model L2 speaker to 
adopt these gestures for themselves.  

The presented concept builds the theoretical paradigm of the pronunciation 
intervention (for more information see Chapter 4) in which the students are first made 
aware, see and haptically feel a new L2 target before they are asked to identify and 
discriminate it from similar or different sounds. As the training programme can not 
encompass all pronunciation areas and is set out to be a generic part of the English 
lesson, the following Section 3.5 provides a rationale for the choice of the intervention 
sound core. 

3.5 The intervention sound core 

It is a primary concern of the pronunciation intervention, that it can be easily integrated 
into English lessons at a beginner level over the course of one school term (about five 
months) without taking up too much teaching time. On this basis, achievable goals have 
to be set and specific pronunciation areas need to be selected. As already indicated in 
the introduction to this thesis (see Chapter 1), the author regards the segmental as well 
as suprasegemental areas of pronunciation as equally important. However, due to the 
results of the curricula and textbook analyses (see Section 2.2 and Section 2.3), 
teacher questionnaire (see Section 2.4) and the presented theories of speech 
perception and production which mainly focus on segments, a sound core is selected 
that is already part of the students’ curriculum (see Section 2.2.) and thus ensures the 
ecological validity of the study. In addition, the choice should also allow to test the 
hypothesis whether different or similar sounds are harder to learn.  

Learners that have already mastered their L1 are bound to draw comparisons 
between the L2 and L1 (see Section 3.2). Learning a new language means that they 
need to learn to perceive and produce differences in sounds, in terms of quality, 
duration and allophonic realisation. Moreover, learners need to learn about 
distributional differences in sound categories of the target language (Moyer, 2013) and 
their articulatory production, e.g. tongue height and placement and lip movement. 
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Taking the theoretical framework presented in the previous section into account, 
sounds or patterns in the target language that are different to the L1 will be easily 
perceived but still need practice in mastering them. However, it can be assumed that 
language learners will confuse target sounds that are similar in the target language with 
sounds of their L1 despite detectable acoustic differences (Flege, 1997), and they might 
not be able to notice the differences without any feedback from a teacher. Although 
English and German share some similar phonological patterns due to a shared 
historical relationship, there are many differences as well (Smith & Peterson, 2012). 
Therefore, sounds as well as phonological patterns that are both similar or very different 
between English and German are included in the pronunciation intervention.   

3.5.1 Vowels (Monophthongs) 

 

 

 

       

Figure 3-2: Four peripheral vowels produced by different tongue positions displayed in the mid-
sagittal section of the vowel tract (adapted from the International Phonetic Association, 1999) 

Vowels are produced by the resonances of the vocal tract shaped by various tongue 
positions. Therefore, they can be described in terms of an abstract vowel space (the 
`Vowel Quadrilateral´ (see Figure 3-3 and Figure 3-4), which bears relation to the four 
extreme positions of the tongue in vowel production (see Figure 3-2). In case of a 
fronted and high position of the tongue, the oral cavity is rather closed and the front 
closed vowel /i/ is produced. Similarly, the open and backed position of the tongue 
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narrowing the pharynx, leads to the production of the open back vowel /ɑ/. If the mouth 
is as open as possible and the tongue is fronted, the front open vowel /a/ is produced. 
Lip rounding and constriction results in the production of the close back vowel /u/. 
These four peripheral vowels provide the space in which the other vowels can be 
produced (International Phonetic Association, 1999).  

 

 

 

 

English German 
Figure 3-3: IPA vowel chart for English Received Pronunciation (adapted from Wikimedia 
Commons, 2008b) and German monophthongs (adapted from International Phonetic Association, 
1999) 

A look at the IPA vowel spaces (see Figure 3-3) for English (RP) and German 
(educated speakers in the North) reveals several differences between the vowel 
positions of the two languages. It is evident, that the extreme open front and open back 
positions of the German vowel space are not occupied. As discussed above, 
pronunciation errors are often explained by the sound differences between the 
languages (see Section 3.3.1). Moreover, the theories of speech perception and motor 
control state that although new perceptual categories might be easily spotted, there is 
still some learning and practice required to automate the precise articulatory gestures. 
It is for these reasons, that the front open vowel /æ/ and back open vowel /ɑ:/ which 
are not part of the German sound inventory are included in the intervention. However, 
the presented theories of speech perception and production such as Flege’s `Speech 
Learning Model´ (SLM) propose that sounds that are similar but not the same are 
hardest to pronounce (see Section 3.3). Thus /ɔ:/ is also included in the sound core 
because the English counterpart of the German open-mid vowel /ɔ/ is pronounced as 
a long vowel in a rather more closed-mid position (/ɔ:/). Moreover, these vowels are 
also targeted in the students’ textbook (see Section 2.3). Although other vowels would 
have served the same purpose, they are not included due to the limited scale of the 
intervention. In order to have a reference point for the vowel space, the neutral vowel 

iː 
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æ 

ɪ ʊ 
uː 

ə  ɜ: 
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ʌ 
ɒ 
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/ə/ was also chosen as part of the intervention as the neutral vowel /ə/ is shared in both 
languages. In summary, the following English vowel sounds were included in the vowel 
core:  

§ Long Vowels: /ɑ:/, /ɔ:/ 
§ Short Vowels: /æ/, /ə/  

 

3.5.2 Diphthongs 

 

 

 

 

 

 

English German22 
Figure 3-4: IPA diphthong chart for English Received Pronunciation (adapted from Wikimedia 
Commons, 2008a) and German diphthongs (adapted from International Phonetic Association, 
1999) 

In German, a diphthong ending with an /ɐ/ can be formed with every vowel except /ə/ 
and /ɐ/. For a better visibility those diphthongs are not included in the vowel space 
presented in Figure 3-4 with the exception of /ɪɐ/ as the English diphthong /ɪə/ shows a 
similar direction of movement to the German /ɪɐ/. However, the German diphthong 
displays a longer trajectory length, and ends in a near open central vowel in contrast to 
the central schwa of the English diphthong /ɪə/.  

Comparing the vowel spaces of the English and German diphthongs, it becomes 
apparent that all of the German diphthongs tend to have quite long trajectory lengths 
compared to their English counterparts. In addition, there are no German diphthongs 
similar to /eɪ/ that begin in a close-mid front position and whose trajectory ends in a 
close front position. For these reasons, the above mentioned /ɪə/ and /eɪ/ and were 
chosen due to their places in the vowel space and their short trajectory lengths. 
Moreover, /eɪ/ is also targeted in the students’ textbook (see Section 2.3). Although 

                                                
22 The diphthong /ʊɪ/ as in `Pfui´ is also missing from the vowel chart, as it only plays a marginal role 

(Mangold, 2005). Moreover, German diphthongs, which are a typical marker for foreign words, such as 
/oa/ in `Croissant´, are also not included.  
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other diphthongs might have been equally suitable, they were not included due to the 
limited timescale of the pronunciation intervention. 

3.5.3 Consonants 

Consonants are shaped by a narrowing or stricture of the vocal tract which is typical for 
each consonantal group. Therefore, they can be identified by their place and manner 
of articulation, and also by whether they are voiced or voiceless. Table 3-1 shows a 
comparison of the distribution of the English and German consonant inventories.  

Table 3-1: German and English consonant phonology (adapted from Fox 2000) 
  German English 

Initial consonants 

plosives p, b, t, d, k, g p, b, t, d, k, g 
nasals m, n m, n 
fricatives f,v s,zʃ ʁ h θ,ð,f,v,s,z,ʃ,ʒ,h 
approximants j w, j 
laterals l l, r 
affricates ts, pf tʃ, dʒ 

Inter-syllabic 
consonants 

plosives p, b, t, d, k, g p, b, t, d, k, g 
nasals m, n, ɳ m, n, ɳ 
fricatives f,v s,z,ʃ, ç, x, ʁ, h θ,ð,f,v,s,z,ʃ,ʒ 
laterals l l, r 
affricates  ts, pf tʃ, dʒ 

Final consonants 

plosives p, t, k p, b, t, d, k, g 
nasals m, n, ɳ m, n, ɳ 
fricatives f, s, ʃ, ç, x  θ,ð,f,v,s,z,ʃ,ʒ 
laterals l l, r 
affricates ts, pf tʃ, dʒ 

Most learners of English do not have any problems in pronouncing the plosives 
/b/, /d/, and /g/ correctly, but especially German learners of English typically encounter 
difficulties with the voiced plosives in word final position (Quetz, 1998). While in German 
final devoicing is a highly regular process, this phonological pattern does not exist in 
English (König & Gast, 2007; Smith & Peterson, 2012), and thus /b/, /d/ and /g/ do not 
appear in word final position (see Table 3-1). As a consequence, German learners of 
English tend to devoice voiced plosives (as well as fricatives and affricates) in word-
final position (Kelly, 2000; Weinberger, 1997). In addition, /b/, /d/ and /g/ are targeted 
in the corresponding school curriculum (see Section 2.2.) as well as in the related 
textbooks (see Table 2.2). It is for this reason that the English plosives /b, d, g/ in final 
position were included in the pronunciation intervention of the current study. The 
German sound inventory lacks the interdental fricatives /θ/ and /ð/ and they are often 
substituted by /s/ and /z/ (Avery & Ehrlich, 2002; Kelly, 2000; Kenworthy, 1987; 
Weinberger, 1997) which is less effortful (Weinberger, 1997). As a result, the 
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mispronunciation of the `th´-sounds is probably the most prominent feature of the 
accent of a German learner of English. Probably due to this reason, they are identified 
as one of the major pronunciation difficulties in the teacher questionnaire (Table 2.12.) 
and are included in the curricula and textbooks. On this basis, /z/, /θ/ and /ð/ are also 
chosen as a part of the sounds core for the pronunciation intervention. Similarly, the 
affricate /dʒ/ does not exist in the German language and is often substituted with its 
voiceless counterpart /tʃ/ (Avery & Ehrlich, 2002; Kelly, 2000) and it is also targeted in 
the students’ textbook. Thus, it is also included in the pronunciation intervention. A 
typical German accent often includes the mispronunciation of the /w/ because German 
learners of English often replace the English approximant /w/ with the German /v/. This 
might be due to the fact that /w/ does not equal its German counterpart (Haß, 2006; 
Piepho, 1974). Moreover, curricula and textbooks also target the /w/. For these 
reasons, the approximant /w/ is also chosen for the pronunciation intervention in the 
current study.  

Taking the discussion above into account, the selection of the sound core was 
carried out according to prominence in foreign accent, the difference and similarity of 
sounds or phonological patterns and due to reasons of ecological validity. The author 
is aware, that other sounds could have served the same purpose, and that the choice 
was partly arbitrary. However, a selection had to be made due to the limited timescope 
of the intervention. In summary, the following sounds were included in the intervention 
study: 

§ Monophthongs: /ɑ:/, /ɔ:/, /æ/, /ə/  
§ Diphthongs: /eɪ/, /ɪə/ 
§ Consonants: 

o Word-final plosives /b/, /d/, /g/ 
o Fricatives: /θ/, /ð/, /z/  
o Voiced affricate: /dʒ/ 
o Approximant: /w/ 

 
So far, this chapter has looked at the linguistic factors that influence second language 
pronunciation. However, pronunciation acquisition also depends upon individual 
factors, which are presented in the following section.  
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3.6 Other factors influencing second language pronunciation  

There are a number of individual learner variables that influence the degree of foreign 
accent. These include age of L2 learning, gender, formal instruction, motivation, and 
psychosocial factors (Piske et al., 2001a). The following section looks at these factors 
with regard to the research project at hand. However, age of L2 learning seems to be 
the most important predictor of the degree of foreign language accent and the relative 
impact of the other variables often remains uncertain as the data is often confounded 
due to a lack of experimental control (Moyer, 2013; Pickering, 2012; Piske et al., 2001a) 
and due to the fact that all individual factors interact with each other as well 
(Edmondson, 1999). Along the same line, one has to bear in mind that age factors are 
also confounded by cognitive and social factors (Moyer, 2011).  

3.6.1 Age of L2 learning 

The assumption that adult L2 learners are biologically less capable of learning a native-
like accent in their L2 due to their declining cognitive plasticity is one of the most widely 
accepted truisms about language learning (Flege et al., 2003; Pickering, 2012) and in 
fact, research into the overall degree of foreign accent of L2 non-native speakers shows 
strong effects of age (Bosch et al., 2000; Flege et al., 1995; Flege et al. 2003; Wode, 
1993). 

In 1967 Lenneberg (1967) stated that L2 acquisition after puberty needs a very 
high effort and that it is hardly possible to acquire a native-like pronunciation. He argues 
that the reasons for the declining phonological abilities might be due to the brain 
maturation and the increasing inflexibility of neuromuscular processes.  

The `critical period hypothesis´ (CPH) proposes a developmental period after 
which a native-like language acquisition is impossible (Lenneberg, 1967; Scovel, 2000). 
With regard to pronunciation, the age threshold for the CPH ranges - depending on the 
respective research - from five to 15 (Birdsong, 1999; Pickering, 2012). The results of 
a significant number of L2 foreign language studies researching the age of arrival in the 
L2 target country support the view of “the earlier, the better” (Flege & Fletcher, 1992; 
Flege et al., 1995; Moyer, 1999; Patkowski, 1990). However, no sharp discontinuities 
can be found at a certain age. Therefore, Oyama (1976) and Long (1990) suggested a 
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`sensitive period´ instead of a `critical period´ for L2 learning (Piske et al., 2001a, p. 
196). 

During the early 1980’s, Flege and his colleagues challenged the presumption 
that post-pubescent L2 learners would maintain accented speech and questioned the 
role of CPH as the main factor explaining the differences between children’s and adult’s 
production of L2 phonetic segments (Flege, 1981). The differences in pronunciation 
performance might be the result of a number of other confounding factors apart from, 
or in addition to the CPH, such as previous linguistic experience, motivation, formal 
instruction or social factors (Pickering, 2012). All in all, research results with regards to 
the CPH remains ambiguous (Flege et al., 2003; Singleton, 2001; Wode, 1993).  

Nevertheless, there is agreement on the following substantial findings 
(Edmondson, 1999; Krashen, Long, & Scarcella, Robin, 1979):  

§ Children and teenagers seem to have better imitation abilities than adults. 
Imitation abilities play a major role in the acquisition of L2 pronunciation; 

§ Learners who have access to the L2 as children or teenagers are very likely to 
have higher pronunciation and supra-segmental skills  

Moreover, the neural functions that are involved with the motor control 
development seem to be very active in childhood but are said to decline with age 
(Moyer, 2013).  

Most age-related research has been carried out on non-native speakers without 
any formal education in their L2. It was suggested that for these naturalistic L2 learners 
there is a sensitive or critical period of age as only few if any individuals manage to 
speak their L2 without a detectable foreign accent (Cruttenden, 2008; Flege et al., 
1995). However, there is a strong variation among adult learners regarding the degree 
of pronunciation accuracy and some are even able to achieve native-like pronunciation 
(Flege, Frieda, & Nozawa, 1997; Flege et al., 1995; Wode, 1993). These `exceptional 
learners´ often received formal language instruction and often did not even move to the 
target country (Gut, 2009). However, it is difficult to compare and to evaluate different 
pronunciation studies as there is no standardized way of data elicitation, there are 
different pronunciation tasks and ways to analyse the data in pronunciation research 
(Moyer, 2013). 

A literature review suggests that `length of residence´ (LOR) in a foreign country 
and `age of arrival´ (AOA) seem to influence L2 accent (Bosch et al., 2000; DeKeyser, 
2012; Edmondson, 1999; Flege et al., 2003). However, as the current research project 
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is carried out in German classrooms, the LOR variable cannot be applied to the 
research subjects and is therefore not discussed any further in this section (see Piske 
et al., (2001a) for a review on LOR).  

3.6.2 Formal instruction  

A number of studies researching the influence of formal instruction with regard to 
foreign accent do not show significant results (Flege, 1995; Flege, Yeni-Komshian, & 
Liu, 1999). However, in most studies, `formal instruction´ is measured by the `length of 
English language instruction´. So, while `length of instruction´ does not seem to be a 
significant predictor for L2 accent, special pronunciation training in the perception and 
production of L2 sounds may have an effect on L2 pronunciation accuracy (Derwing & 
Rossiter, 2003; Missaglia, 1999; Missaglia & Sendelmeier, 1999; Piske et al., 2001a). 
In their research, Bongaerts et al. (1997) looked at five late English L2 learners who 
received not-specified intensive pronunciation training in the perception and production 
of English sounds. In a rating test, their results mirrored the ones of English native 
speakers. Moyer (1999) researched English learners of German who received training 
on the segmental and suprasegmental level. Their results were rated very close to the 
range of German native speaker rankings.   

 Although the presented results are by no means conclusive, they suggest that 
pronunciation instruction can have a strong impact on the pronunciation abilities.  

3.6.3 Sex 

There has been lots of research in how far the speaker sex plays a role in the acquisition 
of phonological properties of the L2. Contrary to the saying: “Girls are better at 
languages”, a lot of studies (Elliott, 1995; Park, 2009; Piske et al., 2001a) have revealed 
no significant effect of sex on the pronunciation proficiency. On this basis, both boys 
and girls are included in the study.   

3.6.4 Motivation 

It might be obvious to suggest that learners who are very motivated to achieve a good 
L2 pronunciation will also be very likely to achieve good results. However, motivation 
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is not readily observable. The impact of motivation on the degree of L2 accent has been 
measured in most cases with the help of rating scales, where the subjects had to rate 
the importance of good L2 pronunciation for their work as well as for their social life. 
Most of those studies identified motivation as a predictor for L2 pronunciation success 
(Elliott, 1995; Flege et al., 1995, 1999; Purcell & Suter, 1980). Bongaerts et al. (1997) 
and Moyer (1999) looked at L2 learners who had a very high personal or professional 
motivation to achieve native-like pronunciation. However,  

“the results obtained so far clearly suggest that factors like professional 
motivation, integrative motivation or strength of concern for L2 pronunciation 
accuracy do not automatically lead to accent-free L2 speech. Apparently, they 
are rarely so strong that late learners will still be able to attain a native-like 
pronunciation in the L2 (Piske et al., 2001a, p. 202).” 

3.6.5 Psychosocial factors 

Several psychosocial factors are suggested to have an influence on the degree of the 
L2 learner’s pronunciation. Amongst others, these are talent, personality traits such as 
field independence, risk-taking, extroversion and the relationship between the L1 and 
L2 country (Mayr, 2005).  

The `egopermeability model´ (Guiora, Beit-Hallahmi, Brannon, Dull, & Scovel, 
1972) means that language acquisition is always accompanied by the transfer of the 
learner’s social L1 identity towards the social identity of the new culture. Engaging and 
becoming competent in an L2 involves a psychosocial alienation from the identity of the 
L1 speaker. The willingness to identify with the L2 learner identity declines with age 
and especially after puberty due to the stabilisation of the L1 identity (Celce-Murcia, 
1997; Grotjahn, 1998) Schuhmann’s `acculturation model´ (1976) proposes that the 
learner’s social distance to the target country can also account for the success in 
language learning.  

The CPH explains the ease or difficulties in learning due to a shift in neurological 
processes that take place in puberty but other cognitive developments and affective 
factors like inhibition and empathy also correlate with age. Language learning cannot 
take place without cultural learning. Brown (1980, p. 158f.) states that the interaction 
between the language and the culture reaches a “certain stage during which language 
learning achieves an optimal distance”. In his `optimal distance model´ Brown explains 
his proposal with the help of four related parameters: 
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§ Stages of Acculturation; 
§ Anomie; 
§ Social Distance; and 
§ Perceived Social Distance. 

Brown describes four stages of acculturation when individuals assimilate themselves 
into a new culture. First, the learner might undergo a period of excitement over the 
newness of the surrounding. Secondly, the cultural shock about the cultural differences 
emerges. Thirdly, a recovery period commences until they are finally accepting the new 
culture and the “self-confidence of the new person that has developed in this culture” 
(Brown, 1980, p. 159). When adapting to a new culture, the learners begin to lose some 
ties to their native culture and might experience `anomie´ - a feeling of homelessness. 
Only until a person has mastered to deal with the `social distance´ (see (Schuhmann, 
1976) above, the feeling of anomie decreases. The final stage is reached when learners 
“see themselves maintaining some distance between themselves and both cultures” 
(Brown, 1980, p. 161). 

With regards to language teaching, teachers have to bear in mind that they are not 
only teaching the target language itself, but they are also introducing the target culture. 
Moreover, they need to be sensitive about the fact that some learners might experience 
unease when they are asked to use sound patterns of the target language that are very 
different to their L1 inventories, and “put themselves in the shoes” of a native speaker, 
and try to imitate the foreign language sounds.  

3.6.6 Choice of subjects for the pronunciation intervention 

It is for the reasons mentioned above, that children who receive formal language 
instruction were selected as research subjects. However, as these children usually 
begin to learn English as a foreign language in the third year of primary school and a 
certain amount of basic language proficiency and pronunciation experience is required 
to fulfil the tasks of the intervention, pre-pubescent learners at the ages of 10 to 12 with 
at least two years of English instruction at primary school were selected for the study. 
In addition, equal numbers of girls and boys were included and all subjects were asked 
to rate their motivation to learn English as well as their interest in doing pronunciation 
exercises. To include a variety of subjects, students from a grammar and a 
comprehensive school and different socio-economic areas of Frankfurt were included 
in the study (see Section 7.2.4). 
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3.7 Summary 

It was the purpose of this section to give an overview of the theoretical background of 
second language pronunciation. Therefore, section 3.2 presented theories that have 
been proposed to explain second language acquisition and looks at the most widely 
established models of speech perception (see Section 3.3). In addition, the 
mechanisms underlying speech motor control (see Section 3.3.2) and mirror neurons 
are outlined (see Section 3.3.3). Drawing from the content at hand, the rationale for the 
pronunciation treatment and the theoretical paradigm of this study is presented in 
Section 3.4). Following this, the English and German sound inventories are introduced 
and the intervention sound core is selected (see Section 3.5). As L2 pronunciation 
acquisition is also affected by non-linguistic factors (see Section 3.6) the influences of 
age of learning, gender, language use, formal instruction motivation, socio-economic 
factors, are discussed. Looking at individual differences in pronunciation, reasons for 
choosing 10 to 12-year-old language learners at a beginner level as participants for this 
intervention study are outlined (see Section 3.6.6).  



An Empirical Investigation of Pronunciation Problems of Young FL Learners of English 

 65 

4. The pronunciation intervention  

The pronunciation intervention is based on the theoretical framework mapped out in 
Section 3.4. This chapter specifies the programme’s constituent tasks and procedures 
in sequence together with their rationales. Given the evidence that speech sound 
awareness training can facilitate pronunciation (Couper, 2011; Ingels, 2011, Nagamine, 
2011; Sardegna 2011, see Section 3.1), the intervention seeks to promote speech 
sound awareness by presenting new sound targets to learners helping them attend to 
the phonetic features. Each intervention stage tackles a specific sound or group of 
related sounds and begins with a presentation phase in which new sound 
characteristics as well as novel phonological patterns are highlighted. Supports include 
visual stimuli such as face close-ups in videos, models or mirrors and haptic exercises 
to stimulate the mirror neurons and to learn the perception and motor production of the 
new articulatory gestures. Given that the L1 language experience of a second language 
learner influences their ability to detect L2 sounds (Hayes-Harb, 2007, p. 65; Hirschfeld, 
2007, p. 277; Neri et al., 2006, p. 358), identification and discrimination skills need to 
be trained. This includes the ability to perceive differences in similar sounds as well as 
the decoding of new articulatory gestures (see Section 3.3). Finally, a significant 
amount of practice is required in order to automate the articulatory gestures and 
establish the neural representations of new sounds and phonological patterns. 
Reflecting the outline above, the pronunciation training involves three stages for each 
of the pronunciation targets: 
 

1. Presentation; 
2. Identification and discrimination; and 
3. Production. 

To help ensure a similar delivery of the pronunciation intervention, a comprehensive 
teachers’ manual was developed (see Appendix, p. 231ff.) and the teachers were 
provided with the required materials, resources and media. The intervention was 
conducted in four fifth-grade classes – two classes at a comprehensive school and two 
classes at a grammar school, all with learners at age 10 to 12 (see Section 7.2.4). 
Based on a curriculum analysis (see Section 2.2) and a teacher questionnaire (Section 
2.4) as well as research on L2 development (Section 3.3) the following sounds were 
selected for the intervention (Section 3.5) and thus tackled in the training programme:  
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§ Monophthongs: /ɑ:/, /ɔ:/, /æ/, /ə/  
§ Diphthongs: /eɪ/, /ɪə/ 
§ Word-final plosives /b/, /d/, /g/ 
§ Fricatives: /θ/, /ð/, /z/  
§ Voiced affricate: /dʒ/ 
§ Approximant: /w/. 

The following paragraphs describe the intervention in more detail. It should be 
noted that the structure of the pronunciation programme was newly set up to 
accommodate the theoretical framework mapped out in Section 3.4. However, although 
some tasks were actually novel, other tasks were adapted from existing, well-
established pronunciation task formats.  

In order to work on the pronunciation tasks, the students need to be introduced 
to the technical pronunciation terms and phonetic symbols and code (for reference see 
the teachers’ manual in the Appendix, p. 231ff.). Thus, in the introductory phase the 
students get to know “Andy the Pronunciation Android” on a worksheet. This introduces 
the new vocabulary in a visual format and for the purpose of listening and matching 
tasks the students have to “touch their voice box”, “push air through the mouth”, “spread 
their lips”, etc. Finally, the new words are trained in an activity adapted from the “Simon 
says” format, e.g. “Andy the Android says put your tongue between your teeth!” (Bowler, 
2005, p. 45). Andy also uses an alien language which is written in phonetic code. The 
students are informed that a phonetic code is used because the same English (or alien) 
letter can be pronounced in various ways (e.g. arm, bad, small) and that it is often very 
different to its German counterpart. To learn Andy’s language, the students are given 
a phonetic code chart (see Figure 10-12 in the Appendix, p. 260) which they can use 
as and when required over the course of the intervention. Although the order can be 
varied, the teachers’ manual starts off with the pronunciation of the vowels and 
proceeds to the diphthongs, consonants and the approximant. The following 
descriptions use the same order. 

4.1 Monophthongs: /ɑ:/, /ɔ:/, /æ/ and /ə/  

In the presentation phase, the students begin with the long vowels. First the teacher 
displays a poster describing the /ɑ:/ (see Figure 10-7 in the Appendix, p.237) and with 
the help of their books the students learn that /ɑ:/ is one of the phonetic codes for the 
letter [a]. A video (BBC, 2010) shows an oversized close-up of the face of a native 
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speaker modelling the sound /ɑ:/ in isolation and in the context of some reference 
words, e.g. bath. The students are asked to repeat after the speaker. The teacher tells 
the students that /ɑ:/ is a long sound, indicated by the colon, and that they must relax 
their lips and half-open their mouths to produce this sound. The teacher also models 
and drills the sound and the example words (arm, far, grass, aunt) on the poster and 
the students have to write one reference word for /ɑ:/ in their own sound chart (see 
Figure 10-12 in the Appendix, p. 260). The long sound /ɔ:/ is introduced in the same 
fashion with the difference that to produce /ɔ:/, the lips need to be opened and rounded. 
Similarly, the short vowels /æ/ and /ə/ are presented with the help of videos, close-ups 
and drills. However, to produce /æ/ the students are asked to spread their lips wide and 
open their mouths as if they were eating an apple; to make /ə/ they have to relax their 
faces and open their mouths a little to produce a sound like Tarzan. To practise the 
new articulatory gestures, the students use mirrors. First, they produce the sounds in 
isolation. Then they produce one of the example words for /ɑ:/, /ɔ:/, /æ/ and /ə/ from 
the posters out loud, and then, they model them silently while watching their mouths in 
the mirror. They are asked to describe and discuss the movements of their mouth, 
tongue and teeth with a partner in the classroom. Finally, they have to work with a 
student peer; one student silently produces an example word while their partner has to 
guess it, and vice versa.  

In the identification and discrimination phase the students are handed two ‘smiley’ 
cards – one positive and one negative. The teacher reads a list of words containing 
long and short vowels. The students´ task is to identify the long sounds and every time 
they hear a long sound they should raise the positive smiley. Similarly, the students are 
asked to identify each of the “new” sounds from a list of words and required to do the 
procedure with a student peer. 

To practise /ɑ:/, /ɔ:/, /æ/ and /ə/, the posters with the example words are put on 
the blackboard and the students have to write down one meaningful sentence that 
contains two instances of each of the four vowels. They are also required to underline 
the vowels in the sentence and check them and their pronunciation with their partners 
and teacher. After a short phase in which the teacher introduces and models the 
Queen’s accent (RP), the students are asked to put on their English shoes and try to 
make themselves sound like the English Queen. Then they should walk around the 
classroom and present their sentence to other students who are asked to repeat it. 
Finally, the funniest sentences are selected and presented in the class.  
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4.2 Diphthongs: /eɪ/ and /ɪə/ 

A diphthong is a “vowel sound in which there is a transition from one vowel quality to 
another within a single syllable nucleus” (Carr, 2008, p. 43). Accordingly, in the sound 
presentation phase, first each of the vowel elements of the diphthongs /eɪ/ and /ɪə/ are 
presented to the learners. Both diphthongs contain the short vowel /ɪ/. In order to teach 
the students how to pronounce this short vowel, highlighting the contrast with the long 
/i:/ helps the student to understand the articulatory gestures needed. The teacher 
displays a poster for /ɪ/ (see D1, Appendix, p. 242) and asks the students for words that 
contain the sound. Examples are collected on the blackboard and the students are 
reminded that /ɪ/ is a short vowel, as long vowels are indicated with a colon. Then the 
poster for the long vowel /i:/ (see D2, Appendix, p. 242) is displayed and again students 
are asked to come up with examples. The teacher then shows two large illustrations to 
the class: one showing a drawing of a neutral mouth position and the other a drawing 
of a spread mouth position. The students are asked to imitate the mouth positions to 
determine which picture matches which vowel and to come up with an example word 
for each condition, e.g. sheep, ship. The teacher then shows the illustrations to the 
students with varying speed and every time the students see the spread mouth position 
they are asked to say one example word with a long /i:/ and one with the neutral mouth 
position for /ɪ /. Next, a repetition drill takes place with different settings: loud, quietly, 
whisper, fast, slowly, etc. As the students have already been introduced to /ə/, the 
teacher displays a poster for the /ə/ (see D3,  Appendix, p. 237), reminding the students 
that it is the sound made by Tarzan, and collects example words on the blackboard. 
Then the teacher puts a poster for /e/ (see D4, Appendix, p. 242) on the board and the 
class is asked to come up with example words (e.g. egg, head) which are then repeated 
with the group (see Appendix, Section 10.4.2  on p. 238) for an outline of the use of the 
blackboard. The students are then asked to describe the articulatory gestures needed 
for this sound. Finally, they have to supply an example word for each of the four sounds 
in their phonetic chart (see Appendix, p. 260).  

To understand how to pronounce diphthongs the students are shown the video 
and song “When two vowels go walking” (Between the Lions, 2009). With this catchy 
and memorable song, the students are helped to deduce that diphthongs are made up 
of two vowels, that the first one can be louder and longer and that there is a glide 
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between the two sounds23. The two posters for the /ɪ/ and the /ə/ are handed to two 
students. The two volunteers are asked to come to the front of the classroom, face the 
other students and stand about two metres apart from each other. First the student with 
the /ɪ/ moves towards the student with the /ə/ and the class says /ɪ/; then the student 
with the /ə/ moves closer to the other volunteer and accordingly the class says /ə/. The 
closer the students get to each other, the louder the first vowel should be pronounced 
and the closer the transition gets between the two vowels until a glide between /ɪ/ and 
/ə/ is established. After that the teacher tells the students that they should pretend not 
to hear someone and say: “eh”. With a bit of drama in their voice the students should 
repeat the “eh” (/eɪ/) several times. Then the teacher follows the same procedure for 
/eɪ/ as for /ɪə/ with two students moving towards each other at the front of the classroom 
and the class shouting the two elements of the diphthong. Next, the teacher puts the 
posters for /eɪ/ and /ɪə/ (see D5 and D6, Appendix, p. 242) on the blackboard and 
introduces some example words (e.g. `year´, `dear´, `page´, `grey´) which should be 
copied into the students’ sound charts.  

The students are asked to pronounce the example words silently while watching 
their mouths in mirrors to identify the different sounds. They are asked to describe and 
discuss the movements of their mouth, tongue and teeth with their partners and in class. 
Finally, in pairs the students must silently pronounce a word containing one of the 
diphthongs while another student has to guess it, and vice versa. After that the teacher 
puts posters of the mouth position for /æ/ and /i:/ on the blackboard next to the posters 
of the diphthongs. The students should remember these illustrations from the 
introduction to the vowels (see Section 4.1). The teacher asks the students to copy the 
illustrated mouth positions and to say what sounds are made by these positions. 
Comparing the four English sounds in these ways requires the students to pay close 
attention to clear production and to listen carefully in order to identify the differences 
and discriminate between the sounds. The teacher then writes the sounds /æ/ and /i:/ 
next to the corresponding posters on the blackboard and collects example words from 
the students, e.g. `clap´, `hat´, `sheep´, `me´, etc.  

Finally, the teacher hands the students the worksheet D1 which contains a table 
with columns for /eɪ/, /æ/, /ɪə/ and /i:/. The teacher slowly reads a list of words that the 
students have to identify and discriminate and put in the correct columns (see 

                                                
23 Although the first vowel in a diphthong is not usually pronounced with more volume, this approach might 

help the students to make the first vowel a little longer and put stress on it.    
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Appendix, p. 238 for the worksheet with solutions). To practise the diphthongs and 
presented vowels, the students are asked to write a poem with at least four lines. Each 
of the diphthongs and vowels have to be used at least once per line. After correction 
by a peer and the teacher, the students are asked to present their poems to the class 
paying special attention to the pronunciation of the trained sounds.  

4.3 Word-final plosives: /b/, /d/ and /g/ 

The technical meanings of the terms ‘vowel’ and ‘consonant’ might not be completely 
clear to the students, so the teacher introduces the concept of consonant sounds by 
writing examples of two contrasting speech sounds on the blackboard, e.g. /ɑ:/ and /d/. 
The students are asked to pronounce the sounds while concentrating on the 
movements of their tongue and mouth. In this way, they discover that unlike the 
production of vowels there is an obstruction in the mouth when pronouncing 
consonants. The students learn that vowels are speech sounds formed by air from the 
lungs travelling through the mouth without being impeded or interrupted, whereas 
consonants are speech sounds produced when the air from the lungs encounters an 
obstacle or block in the mouth area which interrupts the airflow (see Transparency P1, 
Appendix, p. 243). The students are asked to copy this information into their exercise 
books.  

As the concept of voicing is also likely to be new to the students, the teacher 
begins the explanation by writing plosives on the board: /p/, /t/, /k/, /b/, /d/, /g/ (see 
Appendix, p. 243) outlines the use of the blackboard). Each student is then given a 
small piece of paper and instructed to hold it in front of their lips and to produce the 
sounds on the blackboard with a loud voice. The students learn that the paper moves 
for the voiceless plosives /p/, /t/ and /k/. Next, the students are asked to produce the 
sounds very slowly while touching their voice box: they should feel vibration for the 
voiced plosives /b/, /d/ and /g/. The teacher marks the voiced and voiceless consonants 
on the blackboard and writes the definition for ‘voiced’ and ‘voiceless’ on the board 
which the students copy into their exercise books.  

Most German learners of English do not have problems with pronouncing the 
voiced plosives /b/, /d/ and /g/ correctly as they are also part of the German sound 
inventory (see Section 3.5.3). Therefore, the presentation stage for the voiced plosives 
focuses on providing the theoretical background, given that the German language 
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always requires devoicing of plosives in final position. Consequently, when /b/, /d/ and 
/g/ occur in final position in English, German learners tend to produce /p/, /t/ and /k/ 
respectively. It is therefore important to emphasise in the classroom that the final /b/, 
/d/ and /g/ are pronounced very “heavily” in English.   

To build the identification and discrimination skills of the students, the teacher 
shows the class a picture of a “cap” and a “cab”. He then pronounces one of the words 
and the students must discern whether it was “cap” or “cab”. Following that, the 
students close their eyes and the procedure is repeated. Usually, students find it very 
difficult to discern the correct word, so then the class discusses why it might be so 
challenging to hear the difference. With the help of the German greeting “Guten Tag”, 
in which the teacher pronounces the devoiced /k/ instead of the voiced /g/, the concept 
of final devoicing in the German language is explained and the students are made 
aware that they need to voice the plosives /b/, /d/ and /g/ when they occur at the end 
of a word. The class has to copy the rule into their exercise books (Rule 1 in Appendix, 
p. 243). Then they are asked to produce words with final voiced plosives. The students 
know that they are voicing it correctly when they feel the vibration of their voice box and 
no puff of air is pushed out.  

Next, the students are given a worksheet with the minimal pair words `cab´ and 
`cap´, `bag´ and `back´, `bed´ and `bet´ (Worksheet P1 in the Appendix, p. 247). An 
audio file (Bowler, 2005) presents the word pairs several times. The students are asked 
to pay particular attention to the final consonants and the length of the pronounced 
words. The students learn that the vowels before the voiced consonants are longer 
than before the voiceless consonants. Again, the students copy this rule into their 
exercise books (see Rule 2, Appendix, p. 247). Then the class and the teacher together 
pronounce the six example words while touching their voice boxes and checking for 
puffs of air.  

To practise their developing identification skills, the class continues work on 
worksheet P1. The students listen to the audio file and are required to discern which of 
the minimal pair is presented by the speaker, e.g. `back´ or `bag´. Then the teacher 
puts the three posters P1, P2 and P3 on the wall, showing the voiced plosives /b/, /d/ 
and /g/ and the corresponding example words (see Appendix, p. 247). The example 
words are drilled with the class in a funny and/or dramatic way. Finally, the students 
need to put an example word into their own sound charts (see Appendix, p. 260). For 
further practice, the teacher puts a transparency on the overhead projector which 
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shows the sentence: “The sad bad dog did his job and went after the fat cat in the bed.” 
The students practise the sentence together with their peers while checking for the 
correct pronunciation by feeling their voice boxes and for puffs of air. Then they are 
asked to say the sentence as fast as possible.  

4.4 Fricatives: /θ/, /ð/ and /z/  

German speakers of English usually do not have a problem with pronouncing the 
fricatives /s/ or /z/ correctly but due to word-initial voicing in the German language (see 
Section 3.5.3), /s/ at the beginning of a word is always pronounced as /z/, e.g. the 
English name Susan /su:zn/ is pronounced as /zu.zn/. However, the fricatives /θ/ and 
/ð/ are not part of the German sound inventory (see Section 3.5.3). Thus, learners 
frequently substitute them with /s/ and /z/ (Kenworthy, 1987).  

 To introduce the sounds /s/ and /z/ to the students, the teacher puts up a 
transparency with pictures of a bee (zzzzzzz), a snake (sssssss) and a person touching 
his voice box. In addition, there are pictures of a `zoo´ and a `Sue´ and the 
corresponding phonetic transcription is provided (see transparency F1 in the Appendix, 
p. 248). The students are asked to put their finger on their voice box and make the 
sound of a bee and then a snake and to determine which of the two sounds is voiced 
and which is devoiced. Then, the example words `zoo´ and `Sue´ are trained with the 
help of a repetition drill. The students are made aware that English words like `Sue´ are 
pronounced with an initial devoiced /s/. After that, the learners are instructed to 
alternate the two sounds without stopping, e.g. /s…s…s…s…z…z…z...z…s…/.  

To introduce the fricatives /θ/ and /ð/, the teacher writes them on the board and 
asks the students whether they already know the two sounds. The teacher makes sure 
that the class understands that these symbols represent the letters “th” and writes: th 
à /θ/; and th à /ð/ on the board. The students have to describe what they need to do 
with their lips, mouth, etc. when they pronounce /θ/ and /ð/. The teacher collects the 
ideas and models an exaggerated version of the “th”-sound (Kelly, 2000). The students 
are then instructed to place their index finger against their lips. They should try to touch 
their finger with their tongue and breathe out to produce /θ/. Then they should try to 
add voice to produce /ð/. 
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In the presentation, the students are shown a video in which David Sconda’s face 
is shown modelling the sound in isolation and also in example words (Sconda, 2008). 
Sconda exaggerates his pronunciation and facial expressions in an entertaining way, 
so the video is quite engaging for students. The students are asked to speak along to 
the video and exaggerate their mouth movements as well. Then, the teacher puts the 
phonetic posters F2 and F3 on the blackboard (see Appendix, p. 253) and uses the 
example words `thank´, `think´, `maths´ and `thin´ as well as `that´, `than´, `them´ and 
`paths´ in a repetition drill during which the students are asked to feel their voice boxes. 
Similarly, the phonetic poster F1 for the sound /z/ is put on the board and a similar 
exercise takes place with the example words `close´, `does´, `zip´ and `paths´ (see 
Appendix, p. 253). 

The students are then given a worksheet in which they are asked to sort words 
from given sentences in the correct column with reference to the voicing status of the 
“th”-sound (see worksheet F1 in the Appendix, p. 251). The teacher then marks the 
worksheet and in case of difficulties should correct and practise any problematic words.  

To practise the fricative pronunciations, some amusing tongue twisters containing 
/z/, /s/, /θ/ and /ð/ are presented by the teacher and on an OHP to the students which 
they then practise in the classroom (see Transparency F2 in the Appendix, p. 252). 
Finally, the students get together in groups and come up with a tongue twister on their 
own which includes the four fricative sounds.  

4.5 Approximant: /w/ 

The English approximant /w/ does not equate to its German counterpart. Thus, German 
learners of English tend to replace the English /w/ with the /v/ (see Section 3.5.3). 
Although a mispronunciation of this consonant usually does not lead to a 
misunderstanding, the German use of the /w/ is often ridiculed24, e.g. “Very vell!”  
(Quetz, 1998)  

 To introduce the /w/ and to help students differentiate it from /v/, the teacher writes 
`wet´ and `vet´ on the blackboard and models the two words for the class. The students 
are asked to listen and watch closely in order to detect how the different sounds are 

                                                
24 Some Germans who say “willage” instead of “village” and it always makes Anglophones laugh because 

it sounds like a derivation of “willy” (Clarkson 2019). 
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produced. After a class discussion, the teacher tells the students that /v/ is a voiced 
consonant. To make the sound, you need to bite your bottom lip with your top teeth and 
push air out. In contrast, /w/ is the short version of the long vowel /u:/. The students are 
told to put a pencil in the mouth and put their lips around it. They should then take the 
pencil out but keep their lips rounded and produce the sound by pushing air out. To 
learn the production of the approximant, the students should produce the two words 
`vet´ and `wet´ silently while watching their mouth in the mirror. Then they are asked to 
discuss the movements of their mouth, tongue and teeth with their peers. After that, 
one student produces either ̀ wet´ or ̀ vet´ silently while the other student guesses which 
of the two words was intended, and vice versa. Similar to the videos used for the vowels 
(see Section 4.1), the students watch a video showing an oversized close-up of the 
face of a native speaker modelling the sound /w/ in isolation and in the context of 
reference words, e.g. `walk´ (BBC, 2010). The students are asked to repeat after the 
speaker. After that, the teacher writes the word `one´ (which was featured in the video) 
on the blackboard and makes it clear that although there is no letter [w] in `one´, it is 
pronounced with a /w/. The teacher then puts up a poster with the phonetic transcription 
of /w/ and the example words `walk´, `one´, `swing´ and `sweet´ (see Appendix, p. 259) 
and instructs the class in a repetition drill. 

 To practise identifying the correct sound, the students are given a worksheet 
containing minimal pair items for /v/ and /w/, e.g. `vest´ vs. `west´ (see Worksheet W1 
in the Appendix, p.254). The speech examples are presented from an audio file 
(Bowler, 2005) and the students are asked to listen for the differences between the 
items. The audio file is played again and this time the students are asked to speak 
along. After that, the teacher picks some random words from the worksheet and the 
students have to discern which one it is. This exercise is then repeated in group work.  

  To practise the /w/ sound, the students play a game called “Streetmap of 
Letterton” (adapted from Bowler, 2005) which is similar to “Battleship” but instead of 
finding ships, the students have to find houses in a grid of streets. To find the correct 
house, the students must correctly produce and distinguish between /v/ and /w/, as the 
street names include minimal pairs such as `West Road´ and `Vest Road´. Finally, the 
students are presented with several tongue twisters, such as “Vera’s wonderful 
wedding videos” (see Transparency W3 in the Appendix, p. 255). The students are 
asked to read them aloud and to come up with a tongue twister on their own.   
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 This chapter has introduced the pronunciation training programme and described 
in detail the tasks, exercises, procedures and resources the teachers used in the 
classroom to deliver the intervention. Where appropriate, materials were referenced in 
the Appendix. To promote consistency of programme delivery across different 
teachers, a comprehensive teachers’ manual (see Appendix, Section 10.4, p. 231ff.) 
was provided to participating teachers. 
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5. Methodological considerations: the acoustic phonetic basis 
of the current investigation 

The previous chapter presented the pronunciation intervention. In order to analyse the 
impact of the investigation, auditory and acoustic analyses were carried out. This 
section aims to give a brief synopsis of the relevant acoustic foundations with regard to 
the sounds treated in the intervention. 

5.1 The glottal sound source 

Every voiced and periodic sound is produced by the rapid and repeated opening and 
closing of the vocal folds (see Figure 5-1) (Pickett, 1999). This periodic vibration is 
called phonation (Clark, 2007).  

 
Figure 5-1: Two vocal fold vibration cycles and idealised glottal airflow waveform (adapted from 
Feilding, 2013) 

When the vocal cords are brought together the airflow from the lungs is blocked and 
the subglottal air pressure increases until it forces the glottis to open. As the air flows 
through the opening the air pressure drops and the vocal folds move inwards and finally 
close. The Bernoulli effect supports the rapidness of the closure. When the subglottal 
pressure builds up again the cycle is repeated (Pickett, 1999). The opening and closing 
of the vocal cords causes puffs of air to flow through the glottal opening. The frequency 
of these pulses determines the fundamental frequency (f0) of voicing and generates the 
perceived pitch of the produced sound (Haskins Laboratories, 2008; Pickett, 1999). 
Through the pressure fluctuation of the vocal fold vibration a complex periodic wave is 
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produced (see Figure 5-2) (Scarborough, 2005). The spectrum of the wave shows 
energy at the fundamental frequency of the glottal vibration and at its harmonics - which 
are the multiples of the fundamental frequency. The amplitude of the harmonics 
decreases gradually. The repetition rate of the glottal pulses corresponds to the spacing 
of the components of the glottal wave (Pickett, 1999) and depends on the air pressure 
generated by the lungs and the tension of the laryngeal muscles. The opening and 
closing movement determines the shape of the spectrum (Haskins Laboratories, 2008). 

For all (voiced) speech sounds the glottal waveform is the source of the acoustic 
energy (Scarborough, 2005) and the spectrum of the glottal sound is reflected in every 
vowel spectrum (Pickett, 1999). 

5.1.1 The Source-Filter Theory of Vowels 

In 1960 Fant introduces the source-filter theory to describe speech production (Fant, 
1960). To produce vowel sounds complex periodic waves created by the vocal fold 
vibration (source) are shaped by the vocal tract (filter) and transmitted to the outside 
air (Johnson, 2013; Pickett, 1999). Air in the vocal tract has particular resonance 
frequencies that are influenced by its shape and at which the contained air naturally 
seems to vibrate. These resonators can act as acoustic filters (Scarborough, 2005). 
Components of the sound source produced by the glottis at and near those resonant 
frequencies are amplified and the other frequencies are damped (Pickett, 1999). The 
specific resonances of the vocal tract are called formants (F) and are peaks in the vocal 
tract’s filter function (see Figure 5-2 b/c) (Scarborough, 2005). In order of their 
frequencies the formants of a speech sound are numbered in ascending order; first 
formant (F1), second formant (F2), third formant (F3) and so on (Pickett, 1999). As the 
overall shape of the vocal tract is altered in order to produce certain sounds the formant 
frequencies change accordingly.  
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Figure 5-2: Source-Filter Theory a) glottal spectrum, b) Vocal tract filter response, c) vowel spec-
trum (adapted from Herrmann, 2010) 

The source-filter theory helps to explain the details of vowel spectra through the glottal 
sound source spectrum that is filtered by the vocal tract (Pickett, 1999) and this filter 
determines the frequency characteristics of a particular sound (see Figure 5-3) 
(Scarborough, 2005).  

 

/i/ 
close, front, long 

F1 
(Hz) 

F2 
(Hz) 

F3 
(Hz) 

280 2620 3380 

/æ/ 
open front, short 

F1 
(Hz) 

F2 
(Hz) 

F3 
(Hz) 

800 1760 2500 

/ɔ:/ 
half-open, back, long 

F1 
(Hz) 

F2 
(Hz) 

F3 
(Hz) 

480 760 2620 

/ə/ 
mid central 

F1 
(Hz) 

F2 
(Hz) 

F3 
(Hz) 

500 1500 2500 

Figure 5-3: MRI vowel images, position of vocal organs and adult male formant frequencies col-
lected by Wells (adapted from Ladefoged, 1996, 2006; Pickett, 1999, p; UCL, 2014; Ultrax, 201225) 

                                                
25 Copyright clearance of the MRI pictures was obtained from Adam Baker on 29-01-2015 
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Figure 5-3 presents the first three formant frequencies of a typical adult male with an 
oral tract length of 17.5 cm. However, the length of the vocal tract depends on the 
speaker. The longer the length of the vocal tract the lower is the frequency. Thus, adults 
who generally have a longer vocal will have lower formant frequencies. As women and 
children tend to have shorter vocal tracts, they also have higher formant frequencies 
(Pickett, 1999). The length of the vocal tract is also correlated with the formant location 
and spacing of F3 and above (Pickett, 1999). 

5.2 Acoustic analysis of Vowels 

In the previous chapter the test items used in the intervention were presented. The 
following section discusses the acoustic background of the vowel and diphthong 
analyses particularly regarding the vowels and diphthongs trained in the intervention. 
After that, section 5.4 looks at the acoustic features of the consonants, which formed 
part of the intervention.  

5.2.1 Acoustic analysis of vowels: The F1 x F2 plane 

The most important acoustic vowel properties are the formant frequencies, which can 
be seen and analysed with the help of sound spectrograms (Ladefoged, 2003). Vowels 
are usually not spoken in isolation but appear in CV, VC or CVC sequences for example 
and change as a function of time as the speech organs move from one articulatory 
position to another. Thus, the formant frequencies show continuous movements that 
can be seen as spectral change in a spectrogram (e.g. Figure 7-2) and are called 
formant transitions (Harrington, 2013; Hayward, 2000). Although, there is no standard 
method for identifying the place of the vowel target (Harrington, 2012), in the acoustic 
analysis of speech, the steady state of the vowel is usually measured at the midpoint 
(Hayward, 2000; Ladefoged, 2003), because it is least influenced by transitional effects. 
This method is applied in this thesis and therefore the following discussion on the 
acoustic vowel analysis refers to the measurements taken at the midpoint of the vowel.  

The most widely used characteristic of vowel formants is the correspondence of 
the first and second formant frequencies (Hayward, 2000; Ladefoged, 2003) as the 
frequency location of the first two formants (F1 and F2) depend on the shape of the 
vocal tract and are influenced by the articulatory movement of the lips, tongue, pharynx, 
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and jaw (Pickett, 1999). Figure 5-4 shows that if the steady state of F1 is displayed in a 
chart on the ordinate and the steady state of F2 on the abscissa with increasing values 
from right to left, a plot similar to the vowels in the IPA vowel quadrilateral (see 3.5.1) 
is created (Ladefoged, 2003). From this plot the vowel quality can be deduced 
(Ladefoged, 2006). F1 x F2 plots are one of the standard ways to display vowel qualities 
(Hayward, 2000; Ladefoged, 2007).  

 
Figure 5-4: F2 x F1 plane for selected English vowels (adapted from Zhang, 2006) 

 Alternatively to plotting F2 versus F1, the F2 dimension can be replaced by the 
difference between F2-F1 which emphasises the auditory concept of `frontness´ and 
`backness´ of the vowels (Clark, 2007.; Ladefoged, 2006) and also reduces the 
differences between speakers (Hayward, 2000). On this basis F2 x F2-F1 plots were 
used in this thesis to display vowel qualities.  

5.2.1.1 Nasalised Vowels 

Vowel quality can also be influenced by nasalation. Nasals also use voicing as their 
sound source but in contrast to vowels, the air does not leave the vocal tract through 
the mouth but exits through the nasal cavity (Ladefoged, 2007). Therefore, the filtering 
of the oral tract is more complicated (Hayward, 2000). To produce the nasal, the velum 
has to move downward in order to open the velar port. This gesture begins about a 100 
ms before the offset of the vowel, which causes a nasalisation of vowels for about 100 
ms preceding the full onset of the nasal (Pickett, 1999). During the nasalisation of the 
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vowel, the vocal tract is open to produce the vowel configuration but also the velar port 
is also partially open adding a shunt to the overall system. This leads to extra 
resonances and anti-resonances and it has a frequency-tuning effect on the 
transmission of the glottal sound through the oral cavity (Pickett, 1999). Therefore, 
nasalised vowels tend to have lower formant frequencies than their non-nasalised 
counterparts (Johnson, 2005) and sometimes the first formant even tends to disappear 
(Ladefoged, 2003).  

In the pronunciation intervention, two of the vowel test items (`thank´ and `aunt´) 
include nasalised vowels. To account for the nasalised part of the vowel, the duration 
and formant measurements include the nasalised portions of the vowel as well.  

5.2.1.2 Other factors influencing vowel quality 

The distribution of the vowels in the F1 x F2 plane does not only depend on the vowel 
quality itself but is also influenced by several other factors such as duration, 
hyperarticulation, coarticulation26 and phonetic contrast.  

  In the F1 x F2 space, the peripheral positions are generally occupied by more 
tense vowels (e.g. /i/) while the lax vowels take up more neutral positions (e.g. /ə/). In 
order to produce the tense vowels, additional time and effort is needed to produce the 
required rather extreme articulatory gestures. In case of shorter word durations, there 
will be less time to produce tense vowel targets, which may result in a more schwa-like 
vowel reduction. Thus, short durations might result in a reduced vowel space that will 
shift towards the centre (Harrington, 2013).  

Vowels can also be influenced by coarticulation in which the shifts in vowel quality 
can be attributed to the effects of the preceding and following segments (Harrington, 
2013). Stevens and House (1963) demonstrated that the consonantal context leads to 
a centralisation of the vowels. In spite of this, Moon and Lindblom (1994) found that the 
vowels shift towards the direction of the neighbouring segment loci and do not 
necessarily centralise (cf. Harrington, 2013). Yet, the effect of coarticulation is 
surpassed by the displacement of vowel targets due to speaker variation (Harrington, 
2013).  

                                                
26 Coarticulation describes the articulation of two or more speech sounds that influence each other (Oxford 

University Press, 2014) 
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Lindblom (1996) introduces the model of hyper- and hypoarticulation (H&H) in 
which speakers economizes their articulatory effort enough to be sufficiently intelligible 
to the listener. Thus, if it is necessary to be clearly understood, the speakers 
hyperarticulate their speech. This is especially common when vowels are produced in 
contexts from which they are difficult to predict and might be confused with others due 
to phoneme substitution. Hyperarticulated speech is generally associated with an 
expansion of the vowel space and a decrease in coarticulatory overlap. On the contrary, 
in everyday situations with clear contexts, speech is usually economised and 
hypoarticulated. In these cases segmental reduction takes place, vowels are produced 
with a more lax quality and the vowel spaces decrease (Harrington, 2013). Wright 
(2003) looked at isolated L1 words, which were ranked according to their frequency. 
He showed that low frequency words occupied extended vowel spaces in comparison 
to high frequency words (Harrington, 2012; Wright, 2003). This result supports the 
Lindblom’s H&H model as low frequency words demand hyperarticulation in order to 
be clearly understood.  

Emotions can be expressed via vocal cues and listeners are rather good in 
inferring their meaning. Emotions are primarily controlled by the limbic system and they 
affect the respiration, phonation, several temporal phenomena, such as tempo and 
pausing, and also the location of the formants (Banse & Scherer, 1996; Scherer, 1995). 
On this account, research carried out on the impact of stress and fear has shown that 
they can also lead to vowel reduction (Harrington, 2012).  

5.3 Acoustic Analysis of Diphthongs 

Diphthongs are vowel sounds that form a single syllable and include a change in vowel 
quality (Ladefoged, 2007). Therefore they can also be analysed with the help of F2/ F2-
F1 vowel charts (see 5.2.1 above). However, as the vowel quality of the diphthong 
changes, measurements cannot simply be taken at the vowel targets. In order to keep 
track of the change in vowel quality the diphthongal movement of the formants can be 
plotted at several time intervals. These time points can be connected with an arrow 
pointing from the beginning to the end of the diphthong (Ladefoged, 2007). As the 
beginning and end of the diphthongs are immediately affected by coarticulation effects 
from the surrounding consonants (Jacewicz, 2009) in this thesis the formant 
measurements of the diphthongs were taken at four equidistant temporal locations 
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corresponding to the 20%, 40%, 60%, and 80% portions of the diphthong duration. 
Presenting the diphthongs in a formant chart leaves out information about the rate of 
change from the first vowel target to the second, especially as the second diphthong 
target is likely to be reduced (Harrington, 2013; Hillenbrand, James, Getty, Clark, & 
Wheeler, 1995). In addition, the spectral change is not influenced by coarticulation and 
is a systematic property of a specific diphthong (Fox & Jacewicz, 2009).  

5.4 Acoustic features of Consonants 

After discussing how to analyse vowels and diphthongs in 5.2 and 5.3, the acoustic 
background of consonants are described in the following section. Again, not all 
consonant features will be presented but there is a focus on the sounds in the test items 
which were trained in the intervention.  

In contrast to vowels, consonants differ in their vocal tract shaping and in their 
sound source (Pickett, 1999). They obstruct the flow of air through the vocal tract 
(Roach, 2009) and there are three degrees of stricture caused by articulatory 
movements: complete closure, close approximation and open approximation (Carr, 
2008) which can cause an absence of sound, an aperiodic sound, or a weaker voiced 
sound (Pickett, 1999).  

Consonants can be classified according to the following articulatory features 
(Pickett, 1999):  

§ Manner of articulation 
§ Voicing 
§ Place of articulation  
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Table 5-1: The English consonants (adapted from Pickett, 1999, )27 

Articulatory Features 
Name of Feature Distinctiv

e 
Features 

Nonobstruent Obstruent 
Sonorant Interrupted Continuant 

Manner of 
Articulatio

n 

 Glid
e Nasal Stop Fricative Articulato

r 

  Porte
d     Velar Port 

   Voice
d 

Voiceles
s 

Open 
Glottis 

Voice
d 

Voiceles
s 

Open 
Glottis 

Glottis 

Place of 
articulation 

Front 
Bilabial w m b* p  ʍ 

Lips Labiodenta
l     v f 

Middle 
Dental     ð* θ* Tongue 

Blade  
(Coronal) Alevolar l n d* t z* s 

Palatal r    ʒ* ʃ 

Back Velar j ŋ ɡ* k   
Tongue 
Body 

(Dorsal) 

5.4.1 Acoustic features of the approximant /w/ 

With regard to their acoustic features approximants are similar to vowels or diphthongs 
and are therefore also called semi-vowels (Harrington, 2013). However, the 
approximant /w/ which is part of the intervention typically differs in three ways from the 
corresponding vowel /u/.  

First, due to the front bilabial place of articulation of /w/, there is a greater 
constriction of the vocal tract than for /u/ which leads to a small rise in pressure. To 
attain the /w/ constriction position the lips and tongue have to move rapidly and the 
formant frequencies of F1 and F2 are reduced during constriction. When the 
constriction is released and the articulators move back to the position of a following 
vowel, the frequency values start to rise again causing a u-shaped formant transition in 
the spectrogram which is typical of the approximants (Harrington, 2013; Pickett, 1999).  

Secondly, depending on the following vowel the articulation of /w/ varies slightly 
and the constriction of the lips might be accompanied by a slight back constriction of 
the tongue (Ladefoged, 2006; Pickett, 1999).  

                                                
27 The consonants analysed in the intervention are highlighted with an asterisk and printed in bold type 
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Thirdly, the articulatory movement to and from the approximant constriction takes 
about 75 ms. In some cases where the vowel formants are located far from the 
consonants, the F2 transition might take a bit longer while the F1 transition stays about 
the same. The timing of the transition is an important feature of the approximant and it 
is faster than the movements between two diphthongal vowels (Pickett, 1999).  

In the intervention /w/ is trained in initial and intervocalic position. For both 
positions the patterns are very similar. However, there might be a briefer constriction 
phase for the initial consonant as the sound-source production of the glottis might not 
start at the very beginning of the approximant constriction (Pickett, 1999). 

As approximants share characteristics with diphthongs, in this study the 
pronunciation of the approximant /w/ will be evaluated in a similar way to the diphthongs 
(see 5.3). In addition to F1/ F2-F1 charts, spectral change will be taken into account to 
look at the direction and the timing of the approximant production.  

5.4.2 Acoustic features of plosives (stops) 

The following section looks at the acoustic features of plosives. Following the 
hypothesis that German learners of English might transfer the feature of German final 
devoicing to the English language, the intervention and the following section focuses 
on the voiced and voiceless plosives /b, p, d, t, g, k/ in final position. 

  

 
Figure 5-5: The three stages of plosive production (adapted from Johnson, 2005) 

To produce a plosive, first the articulators have to move towards each other 
during a closure phase. During the occlusion there is complete silence for voiceless 
plosives or a low frequency sound of the lowest harmonics as long as voicing is 
maintained for voiced fricatives (Pickett, 1999). After the closure the articulators 
separate again as the plosive is released (see Figure 5-5). The air pressure in the 
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mouth rises during the closure stage, which results in a burst upon opening. These 
release bursts also occur in word final position (Hayward, 2000). However, these final 
bursts are on the whole weaker than their word initial counterparts. 

The approximant /w/ that was introduced in the preceding section and the plosive 
/b/ have the same place of articulation, and are both formed by the constriction of the 
lips. However, in contrast to /w/ the plosives are produced with a dynamic movement 
(see 5.4.1) that includes the complete obstruction of the vocal tract (Johnson, 2005). 
During the complete lip closure, F1 would theoretically reach a frequency of zero and 
therefore right before the complete obstruction F1 reaches a lower frequency for /b/ 
than for /w/ (Pickett, 1999). To produce the low F1 typical for plosives, the articulators 
have to move more rapidly from and towards the neighbouring vowels. Because the 
plosive movement closes the vocal tract completely (see Figure 7-5), three acoustic 
features of a voiced stop are produced (Pickett, 1999): 

§ a very steep decrease toward closure and thus a rapid F1 transition; 
§ weak or absent low frequency sound during the closure; 
§ a burst of air pressure release. 

The voicing feature of plosives depends on differences in vocal fold adjustment 
(Pickett, 1999). Not only is the position of the vocal folds responsible for voicing itself; 
it also produces other acoustic differences. The muscles of the larynx usually hold the 
vocal folds in an open position for voiceless plosives or in a closed position ready for 
voicing (Pickett, 1999). The open position of the vocal folds of voiceless plosives 
presents no obstacle for the flow of air from the lungs to the mouth and subglottal and 
mouth pressure are virtually equal in the closed phase of the plosive. Upon the release 
a strong flow of air travels through the small lip opening causing an intense and 
turbulent burst of the consonant (Pickett, 1999).  

During the closure phase of a voiced plosive, vocal fold pulsing continues for some 
time, until the pressure difference between the pressure in the subglottal and mouth 
cavity becomes equal. When the lips open again for a voiced plosive release the mouth 
pressure goes down until there is sufficient pressure difference to the subglottal 
pressure for voicing action to resume again (Pickett, 1999). As the flow of air from the 
larynx is obstructed by the closed position of the vocal cords to produce voicing, the 
burst of voiced plosives is considerably weaker and has a shorter duration than the 
voiceless plosive burst (Pickett, 1999).  
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In addition to the voicing and difference of the burst, the length of the preceding 
vowel can distinguish voiced and voiceless plosives. Voiced plosives in pre-boundary 
position are preceded by considerably longer vowels than their voiceless counterparts. 
This voicing effect is very large and can take about 50 to 100 ms. It can be even larger 
for final position utterances (Pickett, 1999). 

To assess the transfer of final devoicing from the German to the English 
language, the duration of the preceding vowel will be the main focus of the analysis. 

5.4.3 Acoustic features of fricatives 

The fricatives /θ, ð/ do not exist in the German language. Thus German learners of 
English tend to have difficulties in pronouncing them correctly. Very often the `th´ is 
substituted by /z, s/ or /f/ (see Section 3.5.3). Furthermore, it does not seem to cause 
any problems for German learners of English to pronounce the two fricatives /s/ and 
/z/. However, as the distribution of these two speech sounds is different in German and 
English and depends on specific phonetic contexts (Eckert & Barry, 2005), /s/ and /z/ 
were also included in the pronunciation intervention. Hence the following section 
concentrates on the acoustic features of /θ, ð, s, z/.  

Fricatives can be easily identified by their typical hissing sound (Pickett, 1999) 
that is caused by a very narrow constriction of the vocal tract (Pickett, 1999). Due to 
the constriction the air molecules move irregularly and a turbulent noise (see Figure 
7-6) is produced by the glottis (Johnson, 2005). Similar to white noise this friction sound 
covers a broad range of frequencies and shows random fluctuation in amplitude. 
However, fricatives are not only constricted by the vocal tract but the turbulent airstream 
hits a further obstruction shaped by the articulators to form the fricative consonant 
(Johnson, 2005). The length of the cavity in front of the constriction determines the 
spectral shape of this noise. As the front cavity gets smaller from the production of the 
fricatives /h/ to /ʃ/, /s/, /θ/, and /f/, the strongest resonances move upwards in frequency. 
This thesis looks at the fricatives /s/, /θ/ and /ð/. The alveolar fricative /s/ has the 
strongest resonances in a region around 4 kHz and the resonances of the interdental 
fricative /θ/ are around 5kHz (Pickett 2001). Despite the presented idealised acoustic 
properties, researchers have noted that fricatives are hard to identify out of context and 
that there are great difficulties in the analysis of fricatives (Cox, 2008; Johnson, 2005; 
Ladefoged, 2003 ; Smith, 2013; Wrench, 1995). This might be due to the fact that 
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different coarticulatory contexts and speaker variation have a strong influence on 
fricative frequency (Johnson, 2005). Additionally, the idealised frequency resonances 
mentioned above are not reliable because the number of formants can vary and 
fricatives also display anti-formants (Wrench, 1995). Especially, with regards to the 
dental fricatives, which are produced with a very small front cavity, there might be a 
diffuse spectrum with no major resonances and overall low energy for /θ/ (Harrington 
2013). It is for these reasons, that the centre of gravity is frequently used to analyse 
fricative spectra (Forrest, Weismer, Milenkovic, & Dougall, 1988; Johnson, 2005; 
Wrench, 1995). This approach, which is also applied in this thesis, models the fricative 
spectrum as a single normal distribution, which reflects the formant of the dominant 
front cavity. The centre of gravity depicts the mean of this distribution (Wrench, 1995).  

Voiced and voiceless fricatives are produced at the same place of articulation 
and accordingly their frequency spectra are influenced by the front cavity of the 
constriction. However, voiced fricatives show weaker intensities, as the vocal folds are 
held closer to produce the voicing and the available airflow is poorer in contrast to the 
voiceless fricatives where the vocal folds are held apart (Pickett, 1999). The vocal cords 
vibrate to produce the voiced fricative and thereby they modulate the airflow supplied 
to the fricative constriction. Correspondingly, the turbulence amplitude also shows a 
periodic modulation (Pickett, 1999) and thus the fricatives display ongoing f0 
frequencies.  

Similar to the plosives there is also a strong duration effect of the constriction 
period and the neighbouring vowels. The vowel is lengthened by the voicing of the 
following consonant to 120 ms in utterance final position. In the non-final but pre-
boundary position the lengthening is about 30 ms. In contrast, the consonant 
constriction is shortened by voicing (80ms) in utterance final position and 35 ms in non-
final position.   

In order to evaluate the fricatives, (see Section 7.5.2.4) the centre of gravity is 
used in this thesis to determine the place of articulation. A listener distinguishes the 
voiced from the voiceless fricatives by the duration of the neighbouring vowel (Eckert 
& Barry, 2005) and the length of the fricative (Cox, 2008). Thus, to assess the voicing 
feature both vowel and fricative duration are taken into account. 
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5.4.4 Acoustic features of affricates 

The fricative /ʒ/ occurs in the German language only in loan words from French such 
as Genre or Blamage and the affricate /dʒ/ only exists in German foreign words like 
Dschungel and Maharadscha. In German, both voiced obstruents cannot occur in word 
final position due to the final devoicing rule (Eckert & Barry, 2005), and there is strong 
evidence that German speakers of English substitute the voiceless variant  /tʃ/ over /dʒ/ 
not only in word final but also in initial and mid position (Eckert & Barry, 2005). 

The affricates /tʃ/ and /dʒ/ are also seen as an additional manner of fricative 
articulation but in contrast to fricatives, affricates are preceded by an occlusion instead 
of more open articulation (Pickett, 1999). Therefore, they share properties with both 
plosives and fricatives. With reference to the acoustic analysis, the affricates will be 
treated similar to the fricatives and plosives and therefore durations of the preceding or 
following vowels and the affricate durations as well as centre of gravity measurements 
will be taken into account to analyse the affricate /dʒ/.  

5.5 Word frequency effects on speech production 

This section looks at the impact of word frequency on speech production. Educators, 
language teaching methodologists, psycholinguists, lexicographers, statisticians of 
language and corpus linguists have long since discovered the crucial role played by 
word frequency in natural languages (Sobkowiak, 2009). Word frequencies illustrate 
how often the vocabulary of a particular language is used. The more common a word 
the more important it is to know as the most frequent words often belong to the basic 
vocabulary of a language (Kilgarriff, 1997).  

In 1965, Oldfield and Wingfield first investigated the word-frequency effect in 
speech production. They demonstrated in a picture-naming task that it took the 
participants longer to name pictures with low-frequency names (LF) (e.g. syringe) than 
pictures with high-frequency names (e.g. basket). Oldfield and Wingfield attributed this 
effect to the word naming itself and not as a result of object recognition (Jescheniak & 
Levelt, 1994; Oldfield & Wingfield, 1965).  

Traditional psycholinguistic models have suggested that all speech output results 
from a segment by segment assembly (Varley, Whiteside, Windsor, & Fisher, 2006). 
However, contemporary research proposes a dual route approach that operates in 
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phonetic encoding and which depends upon word type and situational context 
(Whiteside & Varley, 1998b). Whereas the `indirect route´ uses sub-syllabic units, the 
`direct route´ operates via stored phonetic entities (Varley & Whiteside, 1998; Varley et 
al., 2006). These entities might result from the frequent encoding of high frequency 
units. A similar approach can be found in other domains of skilled motor control where 
frequent practice results in the formulation of global movement schemata (Schmidt, 
1988). The 60 muscle groups of the vocal tract need to be coordinated to produce about 
10 to 15 phonemes per second. This multifaceted process therefore results in high 
degrees of freedom. To generate a precise phoneme production, this complex 
computation makes use of verbo-motor patterns simplifying the links between muscle 
commands. Thus, the degrees of freedom are reduced and the articulatory movements 
become faster and more stable (Keller, 1987; Whiteside & Varley, 1998a). On this 
basis, speech produced via a more direct phonetic encoding route is more cohesive 
through higher degrees of coarticulation. In contrast, the speech output produced by a 
more indirect route shows more variability due to the verbo-motor patterns being 
calculated anew each time which results in lower degrees of coarticulation and greater 
degrees of freedom (Whiteside & Varley, 1998a). The direct route is computationally 
more efficient and is likely to operate for high frequency syllables and words. On the 
contrary, the indirect route is more likely to be used for less frequent word units as well 
as for newly learned L1 and L2 vocabulary. In addition, the indirect route might be used 
in cases of more conscious speech production, such as test situations or lectures 
(Whiteside & Varley, 1998a) Empirical investigations of the dual-route model of speech 
control have found shorter duration rates for high-frequency forms in comparison to 
matched low-frequency cognates (Jescheniak & Levelt, 1994; Varley et al., 2006). The 
increased duration rates were attributed to consolidation of the stored verbo-motor 
patterns.  

L2 learners might produce more variable and inconsistent vowel formant patterns 
and increased utterance durations than those of L1 speakers. This might be due to the 
use of a more indirect phonetic encoding route. Along the same line of argument 
training effects should decrease duration rates and result in lower degrees of 
coarticulation. 
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5.6 Summary 

Chapter 5 introduced the acoustic phonetic basis of the current investigation with 
regard to the selected sound core of the intervention programme. On this basis, the 
source-filter theory of vowels (see Section 5.1.1) was presented followed by the specific 
acoustic features needed for the analyses (see Sections 5.2, 5.3 and 5.4) of the vowels, 
diphthongs, plosives, fricatives, affricates and approximants. Finally, other factors 
influencing speech production, such as duration, coarticulation and frequency effects 
were presented. The next Chapter 6 presents the research focus of the hypotheses of 
the thesis based on the sound core of the intervention programme in conjunction with 
the auditory and acoustic phonetic measures which will be used to determine the 
efficacy of the pronunciation intervention.  
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6. Research Focus and Hypotheses 

Drawing upon the content presented in the previous Chapters, the devised 
pronunciation training was implemented in the year 2011 over the course of five months 
within the language education of 105 English L2 learners at the ages of 10 to 12. The 
students belonged to two fifth grade classes at a comprehensive school, and to two 
fifth grades at a grammar school in Frankfurt/Main, Germany. To examine the 
pronunciation intervention, quasi-experimental classroom research was conducted 
using a control group design (see Section 7.1). In this context, each of the participating 
schools provided two additional fifth grade classes as control subjects (n = 95). To get 
within-subject measurements, the pronunciation data were collected at three time 
points; prior to the intervention (pre-test), after the intervention (post-test) and five 
months later (follow-up). Where feasible, between-subjects measures were collected 
via student questionnaires in order to look at individual variations such as differences 
due to the participants’ sex, age, or social background. Although complete datasets 
were collected at all points for 181 out of the 200 initial participants only 16 students 
(see Section 7.2.4) were included in the final analysis due to the time constraints of a 
PhD project. This final set of participants was selected to maximise comparability 
between individual participants (see Table 7-2). From each of the eight classes a boy 
and a girl about the same age were selected. In addition, all of the final 16 participants 
had German as their L1. The assessment of the pronunciation data included two levels 
of analysis. Firstly, all stimuli were assessed auditorily using a three-point scale to 
evaluate the students’ performance. Secondly, all data were analysed using the 
acoustic computer analysis programme Praat. The acoustic parameters in the analysis 
included fundamental and formant frequencies, vowel and consonant duration, vector 
and trajectory length, spectral rate of change and the centre of gravity to assess 
changes in pronunciation (see Chapter 5 and Section 7.5). The purpose of this study 
was to determine the effects of a pronunciation intervention programme in the 
classroom of young learners of English. In this context, several research hypotheses 
addressing this topic were set-up. 
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All subjects participating in this study will still be going through a range of maturation 
processes and also receive ongoing English language input. Hence, the first hypothesis 
H1 states the L2 pronunciation performance of both, the intervention and control group 
will increase over time (DeCoster, 2001; Mackey & Gass, 2005). In this thesis 
pronunciation performance is defined by the mean accuracy and acoustic measures.  

Research Hypothesis #1 (H1): 
§ For both groups of subjects, the mean L2 pronunciation performance score will 

increase from pre-test to post-test and from post-test to follow-up test.  
 

It is the purpose of this thesis to show that pronunciation training based on second 
language theories will significantly increase pronunciation abilities and outscore 
maturation processes. Accordingly, the second hypothesis H2 supports this claim.  

Research Hypothesis #2 (H2): 
§ The group receiving the pronunciation intervention will perform significantly 

better with regards to their L2 pronunciation abilities on the post-test and follow-
up-test compared to the control group 

 

The third hypothesis H3 accounts for the fact that performance usually shows the 
highest increase directly after treatment (Shadish et al., 2001). 

Research Hypothesis #3 (H3): 
§ The group receiving the pronunciation intervention will perform better on the 

post-test compared to the follow–up test 
 

A number of studies (Best, 1995; Flege et al., 2003; Iverson et al., 2003; Kuhl, 2000) 
shows that diverse L2 sounds pose different degrees of difficulty for a language learner. 
Therefore hypothesis four H4 looks at the performance level for each sound. It remains 
to be seen if the treatment will foster all target sounds in the same way or whether some 
acquisitional patterns will emerge.  

Research Hypothesis #4 (H4): 
§ The mean pronunciation performance scores will differ with reference to specific 

target sounds 
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To account for the fact that the pronunciation performance of the treatment group does 
not only improve due to the training effects of the intervention but rather due to the 
intervention itself, test-items that are explicitly trained in the treatment are contrasted 
with untrained test-items. Within this context the fifth research hypothesis H5 looks at 
the training effects.  

Research Hypothesis #5 (H5): 
§ A) In the pre-test there will be no difference in the mean performance scores 

between the trained and the untrained test items.  
§ B) The intervention group will show higher mean performance scores on the 

trained test-items compared to the untrained test-items in the post- and follow-
up tests.  

§ C) The intervention group will show higher mean performance scores in the 
post- and follow-up tests on the untrained items in comparison to the control 
group.  

§ D) The control group does not show any difference in the mean performance 
scores between the trained and untrained test-items.  

 

Frequency effects are known to influence speakers’ performances (Bishop & Keating, 
2012; Cholin, 2008), as more frequent use consequently leads to increased abilities.  
Thus, the study controls for high- and low-frequency test-items in both the intervention 
and the control group. Research hypothesis H6 deals with the fact that higher frequency 
items will outscore the lower frequency items. 

Research Hypothesis #6 (H6): 
§ For all groups of subjects, the mean performance score on higher frequency 

items will be greater than the mean performance score on lower frequency 
items.  
 

Before proceeding to evaluate the hypotheses at hand, it is first necessary to have a 
closer look at the data collection and analyses employed in this study. Therefore, the 
following chapter 7 presents the methods section used in this thesis.   
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7. Methods 

Based on current second language acquisition theories, established and proven 
pronunciation tasks, and outcomes of questionnaires completed by 245 English 
language teachers in Hesse (see Section 2.4), a core set of significant pronunciation 
problem areas of English L2 learners was identified and a pronunciation training 
programme was devised (see Chapter 4), which was implemented over five months 
within the language education of about 105 English L2 learners at the ages of 10 to 12 
in Frankfurt/Main. It is the main aim of this thesis to determine whether, and to what 
extent the pronunciation intervention can improve L2 pronunciation. Hence, this section 
describes and discusses the methods used to evaluate the pronunciation 
intervention. First, the study design is presented in section 7.1, then the participants 
are introduced in section 7.2. The set-up of speech material used to test the subjects’ 
pronunciation is illustrated in section 7.3. Finally, the data collection and data analysis 
are described in sections 7.4 and 7.5. 

7.1 Study design 

To examine the pronunciation intervention, quasi-experimental classroom research 
was conducted using a control group design (DeCoster, 2001; Gass & Mackey, 2007). 
To get within-subject measurements, the data were collected at three time points; prior 
to the intervention (pre-test), after the intervention (post-test) and six month later 
(follow-up). Where feasible, between-subjects measures are considered in order to 
show individual variations such as differences due to the intervention, the participants’ 
sex and social background. In addition, the speech material itself is analysed for 
frequency and training effects.  

7.1.1 Classroom Research 

Quasi-experimental classroom research offers several advantages and drawbacks. 
The main reason for choosing quasi-experimental classroom research lies in its validity 
for real-life education since laboratory studies limit the possibilities to transfer the 
findings to the actual classroom (Hulstijn, 1997).  However, it is very difficult to isolate 
the variables of a study in a classroom setting, as it is barely impossible to control for 
the many confounding factors in a classroom, the diverse nature of students, previous 
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knowledge and educational contexts. For this reason, classroom research is never 
completely objective (Finkbeiner, 1996). To eliminate alternative explanations as best 
as possible, and to link the results to the intervention, this research project adheres to 
the standards of quality for classroom research (see Wellenreuther (2000) for further 
information). Evidence of this is provided at the relevant points within the thesis.  

7.2 Participants 

This section presents the participating parties in this research project and outlines the 
criteria applied to the recruitment of the research subjects. As the research project 
focuses on classroom research in Germany, the ̀ Ministry of Education´ provided ethical 
clearance (see Appendix, p. 206) and school consent was obtained28.  

7.2.1 Ethical clearance  

Prior to commencing the study, ethical clearance was sought from the ̀ Hessian Ministry 
of Education´. In addition, the school committees of the respective schools agreed to 
partake in the study. On December 7th, 2009, the Hessian Ministry of Education granted 
the approval of the research project according to § 84 of the decree of scientific 
research in schools of the Hessian School Law in concordance with the following 
standard practice conditions:   

§ Every subject concerned by the study has to be informed that participating is 
voluntary and that there are no consequences from not taking part. A written 
consent form is needed from the head of schools, teachers and students who 
are taking part in the research. According to data protection regulations a parent 
consent form is not needed in this study.  

§ Every subject concerned by the study has to be informed about the aims and 
contents of the research. Moreover, the nature of participation and data analysis 
has to be made clear prior to the study.  

§ The scientific research has to be done anonymously. In case biographical 
characteristics are collected, they have to be separated from other collected 
data and material already during the data analysis and they have to be saved in 
different places. At the latest they are to be deleted after the data analysis. As 
video and audio are counted as biographical data, specific restrictions of the 
participation in and analysis of the recordings have to be taken into account. 

                                                
28 As the PhD is supervised in Sheffield, UK, the Chair of the ethics review procedures at the Department 

of Human Communication Sciences in Sheffield informally approved the German ethics approval (see 
Appendix, p 206) 
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§ The data collected is only to be used for the requested aims. The transmission 
of data to third parties is not allowed.  

§ The research done in school has to be conducted in such a way that there is a 
minimal interference with the regular school education. 

§ The study has to be carried out according to the Hessian Data Protection Act, 
in particular to § 37, § 10, § 13, and § 33.  

7.2.2 Participating schools  

Several criteria were used for the selection of schools. These included the possibility to 
cover a wide range of social and learning backgrounds, to provide a large enough 
amount of participating students; to be in the close vicinity of the university conducting 
the research project; and most importantly, a strong interest in taking part in the 
pronunciation study. Finally, two schools in Frankfurt am Main were chosen for this 
study: An integrated comprehensive school29 in the district of Niederusel and a grammar 
school in the inner city area Westend.  

The comprehensive school has about 1200 students and offers eight classes in 
each of the grades from five to ten. Half of them are classes integrating students with 
special needs and are therefore supplied with an additional social education worker 
(Schneider, 2014).  

The second school is a grammar school in the inner city of Frankfurt am Main. In 
total, 1050 students attend the school, which offers four classes in each of the grades 
from five to thirteen. Music as well as content- and language-integrated learning 
(CLIL)30 are important parts of the school profile. Moreover, the school offers 
preparation courses for diverse modern language certificates, such as the Cambridge 
Business English Certificates (BEC) and Certificate of Proficiency in English (CPE) and 
an International Baccalaureate Diploma (IB) (Grammar school 1, 2014).  

Both schools agreed to provide a room for the data collection and the required 
media equipment for the study, such as projectors, laptops, and access to student 
computers.  

                                                
29 Germany has a tripartite school system comprising of three different school forms, i.e. Basic level 

(Hauptschule), middle level (Realschule), and upper level (Gymnasium). An integrated comprehensive 
school means that students of all three levels are taught together.  

30 Content and Language Integrated Learning (CLIL) involves teaching a curricular subject through the 
medium of a language other than that normally used. The subject can be entirely unrelated to language 
learning, such as history lessons being taught in English in a school in Spain (European Commission 
Multilingualism, 2008). 
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7.2.3 Participating teachers and the implementation of the intervention 

The `Hawthorne effect´ describes that the mere presence of a researcher can change 
the classroom routine and therefore alter the students’ behaviour in many subtle ways 
potentially resulting in more attentive behaviour (Gass & Mackey, 2007; Wellenreuther, 
2000). Moreover, to cause minimal interference with the regular school education as 
demanded by the Hessian Ministry of Education (see Section 7.2.1) and to keep the 
educational cost at a minimum, the pronunciation intervention was designed to be a 
small but integral part of the English lessons conducted over the school term. Hence, 
English teachers were asked to carry out the classroom experiment. Finding teachers 
who were willing and able to teach the pronunciation intervention in grade five (student 
age: about 11 years) also played an essential part in the selection of the participating 
schools. Subsequently to presenting the research project to English school 
departments, two teachers at the grammar school and two teachers at the 
comprehensive school who were able to teach the intervention and available in the 
required timeframe were chosen to carry out the pronunciation training in their English 
lessons. All of them were fully educated teachers of English with an excellent command 
of the English language (at level C2 of the Common European Framework of 
Reference).  

In classroom research, it is rather difficult to monitor how far the participating 
teachers adhere to the researcher’s guidelines in the delivery of the chosen content of 
the experiment (Gass & Mackey, 2007). Therefore, the teachers were trained before 
the intervention on how to use the teachers’ manual that included the pronunciation 
tasks and close guidance was provided throughout the project. To ensure the 
comparability of the pronunciation teaching, the teachers’ manual not only included the 
pronunciation tasks and materials but also provided an exact plan listing the detailed 
procedures on how to teach the contents of the intervention. Although the teachers 
could choose freely when to teach the pronunciation intervention, content wise, they 
were asked to stick precisely to the manual and to keep a diary on the plan’s execution 
(see Chapter 4 and Section 10.4 for teachers’ manual).  

As the study looks at the influence of the intervention, the other conditions in the 
classroom need to be as similar as possible in the eight groups. With reference to the 
extent of the pronunciation training, the duration of the intervention corresponded by 
and large to the regular pronunciation work done in the classrooms of the control 
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groups. As deduced from the teacher questionnaires, teachers include about nine 
hours of pronunciation work in their classroom over the course of a school term. This 
time frame was hence applied as the extent of the pronunciation intervention.  

7.2.4 Participating classes and students  

Referring to the effect of age on learning second language pronunciation (see chapter 
2), pupils between the ages of 10 to 12 were identified as the most suitable subjects 
for the pronunciation study. Therefore, grade five was chosen to be the most fitting age 
group.  

In classroom research a complete randomisation of the subjects is usually not 
possible as the students remain in intact classes throughout the treatment so that the 
intervention is as little intrusive as possible (Gass & Mackey, 2007; Mackey & Gass, 
2005). Hence, in this particular line of research, the assignment to control and 
intervention group is usually done via matching of intact classes (Mackey & Gass, 
2005). However, it is impossible in a classroom experiment to have completely 
comparable subjects and it might also be possible that the outcome is only true for a 
specific group (Wellenreuther, 2000). 

As four teachers (see Section 7.2.3) at two schools were selected to carry out the 
pronunciation intervention, their four English classes were appointed as treatment 
groups. The assignment of the control groups took place according to possible access 
and the highest achievable comparability between the intervention and control classes. 
Therefore, two fifth grade classes at each of the two schools carrying out the 
intervention were chosen (see Table 7-1). These control groups contained students of 
a similar age and language as well as social background. To control for the differences 
in the distribution of the pronunciation training, all four classes were taught by four 
different teachers at the grammar school. In contrast, at the comprehensive school 
each of the two teachers taught a control and an intervention group. Moreover, in one 
case the intervention group also included special needs31 students. 

  

                                                
31 The special needs students were excluded from the study. Nevertheless, classes with special needs 

students are explicitly mentioned as they have an additional educational social worker and a different 
learning atmosphere.  
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Table 7-1: Matching of the experimental groups 
 Comprehensive School A Grammar school B 
class 5c 5d 5e 5f Total 5a 5b 5c 5d Total 
students (n=) 18 24 18 20 80 36 30 27 27 120 
male 12 15 9 15 51 15 15 11 13 54 
female 6 9 9 5 29 21 15 16 14 66 
intervention group  x x   x   x  
control group x   x   x x   
same teacher x x       
special needs students x  x        

To safeguard anonymity and to ensure an objective evaluation of the data, the 
participants’ names were encrypted. The code consisted of the first two letters of the 
name, the first two letters of the surname and the first two numerals of their birth date 
(cf. Fehling, 2008); e.g.:   

§ Franz Böhme 01.01.1999 à FR BÖ 01  
 

As demanded by the guidelines of the Hessian Ministry of Education all participants 
involved in the study were informed that participation was voluntary and that there were 
no consequences from not taking part. Due to the set-up of the experiment, the 
following types of pupils were excluded from the test population: 

§ pupils with speech, hearing, reading or mental impairments 
• pupils whose L1 is English 
• pupils who did not complete all elements of the data collection 

The initial sample consisted of 200 students. However, three of them did not 
complete the student questionnaire and 16 were not available for all three data 
collection periods and were therefore excluded from the study. Complete sets data 
were collected for 181 participants. However, the acoustic analysis was very time-
consuming. Therefore, it was only possible to analyse the data of 16 students32. This 
final set of participants was selected according to maximise the comparison (see Table 
7-2). From each of the eight classes a boy and a girl about the same age were selected. 
Half of the students belonged to the comprehensive school A and the other to the 
grammar school B. In addition, all of the final 16 participants had German as their L1.  
  

                                                
32 Comparable studies look at 11.61 subjects (Sakai & Moorman, 2018) 
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Table 7-2: Final set of the participants taking part in the intervention study 
 Comprehensive School/ School A Grammar school/ school B 
class 5c 5d 5e 5f Total 5a 5b 5c 5d Total 
students (n=)  2 2 2 2 8 2 2 2 2 8 
male 1 1 1 1 4 1 1 1 1 2 
female 1 1 1 1 4 1 1 1 1 2 
intervention group  x x   x   x  
control group x   x   x x   
same teacher x x       
special needs students x  x        

Table 7-3  and Table 7-3 provide an overview of the selected set of participants.  

Table 7-3: Participants intervention study by group, sex, age, class and school 
Participant Intervention Sex Age Class School 

1 Control female 10.48 5c A 
2 Control male 10.62 5c A 
4 Control female 10.65 5f A 
3 Control male 10.53 5f A 
5 Control female 11.19 5b B 
6 Control male 11.41 5b B 
8 Control female 11.17 5c B 
7 Control male 10.7 5c B 
9 Intervention female 11.4 5d A 

10 Intervention male 10.98 5d A 
12 Intervention female 10.72 5e A 
11 Intervention male 11 5e A 
13 Intervention female 11.25 5a B 
14 Intervention male 10.91 5a B 
15 Intervention female 11.38 5d B 
16 Intervention male 10.8 5d B 

7.3 Speech material 

The following section describes the speech material used for the data analyses and 
assessment of the intervention programme. As discussed in Section 3.5, 14 British 
English sounds were selected for the intervention study:  
 

§ Monophtongs: /ɑ:/, /ɔ:/, /æ/, /ə/; 
§ Diphthongs: /eɪ/, /ɪə/; 
§ Consonants: 

o Plosives (in final position): /b/, /d/, /g/; 
o Fricatives: /θ/, /ð/, /z/; 
o Affricate: /dʒ/; 
o Approximant: /w/. 
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In speech, sounds usually do not appear in isolation but in meaningful contexts. 
Therefore, in this study, each of the selected sound is contained in a target word. As 
all the participants were language learners at a beginner’s level, they did not have a lot 
of English vocabulary at their command. To have enough suitable target words, first a 
vocabulary analysis took place (see the following section). This list was then evaluated 
with reference to word frequency (see Section 7.3.2). To find out whether a change in 
pronunciation can be directly linked to items that are explicitly trained in the intervention 
the final word list contained trained and untrained speech items (see Section 7.3.3).  

7.3.1 Vocabulary analysis 

The participants in the study learn English vocabulary based on the books used in their 
English lessons. The grammar school students used Cornelsen’s `G21 A1´ (Schwarz, 
2006), and the comprehensive school students worked with Diesterweg’s `Notting Hill 
Gate 1´ (Edelhoff, 2007a). The vocabulary the pupils learned and used at the time of 
the intervention corresponded by and large with the vocabulary lists taken from the two 
books - especially as both books also included vocabulary learnt at grammar school. 
The word lists from the two respective textbooks were compared to compile a list of 
matching vocabulary. From this list, words were chosen that contained the target 
sounds. Wherever possible only monosyllabic words were included in the final core of 
speech stimuli to control for coarticulation and stress effects. However, in case of /ə/, 
there was an insufficient amount of words. Therefore, the two disyllabic items (`melon´, 
`mother´ were included as stimuli (see Table 7-4 for an overview of the speech stimuli). 

7.3.2 Frequency analysis  

In order to control for frequency effects (see Section 5.5) the stimuli needed to be 
compiled from lower and higher frequency words. So, the matched vocabulary list was 
analysed according to the frequency of the lemmatised33 words using the grammatically 
tagged British National Corpus (BNC) which is based on a count of a 100 million word 
collection of samples of written (90%) and spoken (10%) language representing a wide 
cross-section of British English from the later part of the 20th century34. Words which 

                                                
33 Lemma: The headword represents the inflectional variants of the word (Leech, 2001; Kilgarriff, 1997) 

e.g. like is a headword and likes, liked, and liking are its inflected forms (Chujo, 2004). 
34 The written part of the BNC (90%) includes extracts from regional and national newspapers, specialist 

periodicals and journals for all ages and interests, academic books and popular fiction, published and 
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occur with an overall frequency of 100 or more per million can be called as high 
frequency words (Chujo, 2004). Words between 100 and a 10 per million can be seen 
as middle frequency words and words with a frequency of less than a 10 per million 
can be seen as low frequency words (Leech, 2001). 

Although the written and spoken part of the BNC includes texts for all ages and 
interests; it does not specifically focus on the most frequent words used by 10 to 12 
years old pupils. Therefore, some low frequency words that belong to the immediate 
living environment of the pupils, such as ̀ bag´ which is used in the classroom everyday, 
were considered as higher frequency words for the participating subjects. As the 
vocabulary list of the language learners was quite limited, not high versus low but 
higher (HF) versus lower frequency (LF) items were compared.  

7.3.3 Speech stimuli 

Table 7-4: Overview analysed peech stimuli  

 Sound Testitem Frequency  
per million HF/LF Trained No. 

Vowels 

/ɑ:/ 

arm /ɑ:m/ 202 HF T 1 
aunt /ɑːnt/ 33 LF T 2 
dark /dɑ:k/ 104 HF NT 3 
scarf /skɑ:f/ 5 LF NT 4 

/ɔ:/ 
all /ɔ:l/ 215 HF T 5 

draw /drɔ:/ 15 LF T 6 
small /smɔ:l/ 518 HF NT 7 
chalk /tʃɔ:k/ 9 LF NT 8 

/ə/ 
from35 /frəm/ 4134 HF T 9 
clever /klevə/ 25 LF T 10 
mother /mʌðə/ 295 HF NT 11 
melon /melən/ 3 LF NT 12 

/æ/ 
thank*36 /θæŋk/ 131* HF T 13 

clap /klæp/ 0 LF T 14 
bag* /bæg/ 75* HF NT 15 

maths /mæθs/ 10 LF NT 16 

Diphthongs 

/ɪə/ 
year /jɪə/ 1639 HF T 17 
dear /dɪə/ 41 LF T 18 
hear /hiə/ 367 HF NT 19 
beer /bɪə/ 38 LF NT 20 

/eɪ/ 
page* /peɪdʒ/ 151* HF T 21 
grey /greɪ/ 48 LF T 22 
wait /weɪt/ 213 HF NT 23 
cage /keɪdʒ/ 13 LF NT 24 

                                                
unpublished letters and memoranda, school and university essays, among many other kinds of text. 
The spoken part (10%) consists of orthographic transcriptions of unscripted informal conversations 
(recorded by volunteers selected from different age, region and social classes in a demographically 
balanced way) and spoken language collected in different contexts, ranging from formal business or 
government meetings to radio shows and phone-ins (Oxford University Computing Services, 2012). 

35 In the context of this study the reduced form of /ə/ is used (Wells 2008). 
36 * high frequency for the age group. Moreover, this item is frequently used as an example in the textbooks 
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Plosives 

/b/ final 
job /dʒɒb/ 326 HF T 25 
web /web/ 46 LF T 26 
club /klʌb/ 202 HF NT 27 
verb /vɜb/ 14 LF NT 28 

/d/ final 
bad /bæd/ 264 HF T 29 

bread /brɛd/ 38 LF T 30 
child /tʃaɪld/ 710 HF NT 31 
gold /gəʊld/ 4 LF NT 32 

/g/ final 
big /bɪg/ 338 HF T 33 
egg /ɛg/ 62 LF T 34 
bag* /bæg/ 75* HF NT 35 
leg /lɛg/ 118 LF NT 36 

Fricatives 

/z/ 
close /kləʊz/ 154 HF T 37 
jeans /dʒiːnz/ 13 LF T 38 
goes /gəʊz/ 148 HF NT 39 
zoo /zu:/ 9 LF NT 40 

/ð/ 
that /ðæt/ 7308 HF T 41 
them /ðem/ 173337 LF T 42 
the /ðə/ 61847 HF NT 43 

smooth /smu:ð/ 30 LF NT 44 

/θ/ 
thing /θɪŋ/ 776 HF T 45 
thin /θɪn/ 56 LF T 46 

month /mʌnθ/ 398 HF NT 47 
teeth /ti:θ/ 47 LF NT 48 

Affricates /dʒ/ 
job /dʒɒb/ 326 HF T 49 

jeans /dʒiːnz/ 13 LF T 50 
John /dʒɒn/ 328 HF NT 51 
cage /keɪdʒ/ 13 LF NT 52 

Approximants /w/ 

one /wʌn/ 1962 HF T 53 
swing /swɪɳ/ 34 LF T 54 
wait /weɪt/ 213 HF NT 55 
witch /wɪtʃ/ 9 LF NT 56 

The present study examines English sounds in target words spoken by an intervention 
and control group of German learners of English. As discussed in the previous section, 
the items were matched for higher (HF) and lower frequency (LF) and consist of stimuli 
that were trained (T) in the intervention as well as known but untrained (NT) words to 
assess the subjects’ abilities to transfer the learned pronunciation to other contexts. In 
total, 28 higher frequency and 28 lower frequency words containing the selected 
sounds were chosen as the target speech stimuli (see Table 7-4).  

To have a comparable pre-, post-, and follow-up test, the same set of 56 stimuli 
was used for each test (cf. Mackey & Gass, 2005, p. 149). To get a fair view of the 
subjects’ pronunciation ability, each test item was presented three times at each test 
period. In total, each data set consisted of 168 (3 x 56) words that were randomised 
beforehand38. The items were presented in the same sequence for all participants. 

                                                
37 `them´ was selected as a lower frequency item due to a typo in the frequency number. However, it still 

has a lower frequency than `the´ and `that´.  
38 Randomness was achieved by atmospheric noise (Oxford University Computing Services, 2012). 
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However, the order of the stimuli was randomised in a different order for the pre-, while- 
and post-test to avoid familiarisation and coarticulation effects. 

7.4 Data collection 

Having discussed the set-up of the speech material in the previous part, this section 
now presents the different procedures of the data collection.  

7.4.1 Pilot testing 

All procedures, materials and methods of this research project were piloted beforehand 
and necessary revisions were made before they were used with the final participants. 
Two English teachers in Frankfurt, Hesse, agreed to pilot and evaluate the teacher 
questionnaire and the teachers’ manual. Consequently, several tasks of the manual 
and the questionnaire were excluded or altered. With reference to the pronunciation 
intervention two ten years old girls from a comprehensive school in Wiesbaden, Hesse, 
volunteered to test and evaluate the tasks, the technical equipment and test items used 
for the data collection and the student questionnaire. As a result, particularly the 
vocabulary used and the phrasing of the intervention tasks and the wording and length 
of the questionnaire were revised. The produced pilot data were then used to test and 
evaluate the data analyses.  

7.4.2 Student questionnaires 

To find out about the biographical and language background of the students and their 
attitude towards pronunciation, the 200 pupils were asked to complete an online 
questionnaire created with `Limesurvey´ software (version 1.85, (Limesurvey, 2012)). 
The questionnaire mainly consisted of closed-item questions and gathered information 
on the following topics (see appendix chapter 10.3.3 for original student questionnaire):  

§ class/ school; 
§ age; 
§ sex; 
§ nationality; 
§ amount and level (e.g. native speaker, I always talk in Hindi with my mum) of 

languages spoken, 
§ number of years of formal English instruction; 
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§ time (if any) spent in an English speaking country; 
§ familiar pronunciation tasks (e.g. listening and sorting); 
§ pronunciation difficulties (e.g. `th´); 
§ attitude towards pronunciation teaching. 

The students were asked to complete the online survey at the respective school 
workstations and guidance on how to fill in questionnaire was provided at all times. To 
provide anonymity, the data were encrypted.  

 Due to the constraints of the PhD project, only 16 students were chosen for the 
final analyses (see Section 7.2.4). The questionnaire data was intended for between 
measures data. Due to the small final sample of the test subjects, the questionnaire 
was not used in this thesis.   

7.4.3 Elicitation technique 

Studies on L2 foreign accent use different kinds of data elicitation techniques. Mostly, 
the subjects are asked to read the sentences or words (e.g. Asher & Garcia, 1969; 
Bongaerts et al., 1997; Moyer, 1999), others ask the students to recount personal 
experience, or do picture naming tasks to produce samples of free speech (e.g. Oyama, 
1976; Thompson, 1991). Another possibility is the delayed repetition technique (Piske, 
MacKay, & Flege, 2001b, p. 193). All of them offer several advantages and drawbacks. 
Oyama (1976) and Thompson (1991) report that possibly due to differences in reading 
ability, read speech is often judged to be more foreign accented than speech that is 
produced freely. However, in free speech subjects might not produce the desired word 
or try to avoid difficult L2 sounds (Moyer, 2007; Piske et al., 2001b). Additionally, since 
morphological, syntactic, and pragmatic abilities are needed, the result might be 
confounded due to any of these (Moyer, 2007). It is also hard to find enough suitable 
pictures or topics to elicit the required words. The delayed repetition technique takes 
considerably longer than reading, and particularly for young learners might result in the 
production of incorrect items. Moreover, the subjects might adopt flaws in the modelling 
of the word stimuli. Being aware of the fact that reading word stimuli also tests reading 
ability and not just pronunciation, this technique was nevertheless adopted in thesis for 
the following reasons: It was not possible to find enough pictures or speech tasks to 
elicit the required words with the target sounds for these particular beginner groups. 
Furthermore, the time for data collection was limited due to school restrictions and the 
researcher could have only provided a non-native speech model. Due to the data 
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elicitation technique used here, students with reading disabilities were excluded from 
the study. Moyer (2007) demands that the task design needs to include a spectrum of 
different elicitation techniques. Unfortunately, this could not be applied in this thesis 
due to the twofold evaluation of the data that includes not only an auditory but also an 
acoustic analysis. As this latter analysis is not based on impressionistic measures, only 
one data elicitation technique was used.  

In segmental phonetics the test items are often retrieved embedded in a carrier 
phrase, such as “Please, say ….. for me” to account for similar stress and duration 
patterns. However, as the target sounds occur in the test-items in word-initial, mid-word 
and word final position there might be coarticulation between the stimuli and the carrier 
phrase and it might be impossible to identify the segment boundaries (Podesva & 
Sharma, 2013). Moreover, words are usually hyperarticulated when they are produced 
in isolation. This leads to a reduction of coarticulation and to an expanded vowel space 
(see Section 5.2.1.2). It is for these reasons that no carrier phrase was used in the 
study.  

7.4.4 Recording of the stimuli 

To monitor any change due to pronunciation intervention, all participants were recorded 
before and directly after the intervention. In addition, a follow-up recording was taken 
five months after the post-test. The recordings were taken in a separate room at the 
respective participating schools. To take part in the research/ recording, the students 
were asked to leave their class. The entire task for each recording session took about 
ten minutes for each participant and the subject was seated facing a laptop monitor. 
The recordings were controlled by the Alvin2 software (Hillenbrand, James, 2012) that 
displayed the word stimuli to be read by the student. In total 168 words were presented 
on the laptop screen across the three sessions (see Figure 7-1). Each word production 
by the participant was saved as a separate sound file. The microphone was held by the 
student and a green bar in the Alvin2 program showed the student that his or her voice 
was at the right level for the recording. 
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Figure 7-1: Recoding of the stimuli 

The speech samples were recorded and digitised at a 44.1 kHz sampling rate by an 
Olympus LS 11 digital recorder (Dresing, 2011a). This device was used as a converter 
and it was connected to a Samsung R519-Aura Darlio Notebook to synchronise the 
recording with the software program Alvin2. In some cases two recordings had to be 
made at the same time due to some unforeseen school events and the availability of 
the test subjects. In these cases a trained university student of English in her fourth 
year of study recorded the data. As only one Olympus LS 11 recorder was available, 
the stimuli were recorded with an Olympus LS 10 recorder using the same sampling 
rate. The data were then saved as a long sound file and later cut and edited with the 
speech analysis program Praat (Boersma, Weenik, 2012). The recordings took place 
at school during normal school days. Although the schools provided a separate room 
for the recording, there was some background sound due to noise of radiators, students 
running and talking in the hallways and in the schoolyard.  

7.5 Data analysis 

The previous sections of the current chapter examined the study design of this research 
project and looked at the participating parties as well as the speech material used to 
evaluate the pronunciation and the data collection procedures. Based on this 
description, this section now goes on to describe the two levels of data analyses. First, 
all stimuli were assessed auditorily using a three-point scale to evaluate the students’ 
performances (see Section 7.5.1). Second, the data were analysed acoustically (see 
Section 7.5.2). The parameters in the analysis included fundamental and formant 
frequencies, duration, amplitude, spectral peak and spectral changes to gauge the 
pronunciation.  
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After the data collection, each word stimulus was saved as a separate sound file 
containing encrypted information about the participant, the test items itself, the 
repetition and the recording session. To ensure an objective and blind evaluation, all 
the data were then sorted by stimuli.  Among all the 16 participants, for each of the 56 
items there are 144 similar stimuli (16 children x 3 repetitions x 3 data collections points 
= 144).   

7.5.1 Auditory Analyses  

For the auditory analysis the 144 repetitions of each test items were randomly 
presented in one rating session so that the rater was able to familiarise herself with the 
pronunciation of a specific sound in a test item and to ensure an objective and blind 
evaluation. Therefore 56 sessions for each stimuli (see Table 7-4) took place and in 
total 8352 (58 x 144) items were rated. The data were presented via headphone at a 
comfortable level. The learners’ sound production was auditorily analysed by the 
researcher herself39. Although usually native speakers are used to judge non-native 
speech as they are seen as the experts of the language (Moyer, 2007), this procedure 
was not applied in this thesis due to two reasons. First, in a PhD it is important that the 
researcher does the evaluation herself, second, the study deals with English 
pronunciation instruction in German schools. In this context, German English teachers 
need to be able to evaluate the students’ pronunciation as well.  

To achieve an objective assessment of the data analysis, two steps were applied. 
First, while evaluating the data, the researcher listened to the English model 
pronunciation of the items from Tim Bowyer (2006) on the free online “Howjsay: Talking 

Dictionary of English Pronunciation”. Bowyer is a native English teacher who graduated 
at the London Institute of Education and is the founder of the `Fonetiks´ family of 
websites (Bowyer, 2006). Second, the researcher provided judgement on the learner 
production of the sounds with the help of a 3-point rating scale ranging from zero (the 
sound was not produced), to one (the sound was not produced correctly) to two (no 
foreign accent) to ensure a similar rating of the presented test items. The rater was able 
to listen to each word as often as she wished and she was able to correct the judgement 
if needed.  

                                                
39 The researcher is a native speaker of German but speaks English at the C2 level of the Common 

European Framework of Reference (CEFR) and has received linguistic training in the field of research.  
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The ratings for each of the 56 stimuli were transcribed in a spreadsheet and for 
the three repetitions for each test periods (pre, post, follow-up) the sums were 
calculated and the 168 data points were transferred to SPSS. At this point information 
about the student such as age, sex, language, class and school background as well as 
the classification according to control and intervention group was added. Additionally, 
the item-bound information such as higher and lower frequency and trained and 
untrained was included. This set-up allows to sort and statistically analyse the data with 
reference to the demanded parameters and specific sounds. The researcher’s values 
were used in the subsequent analyses.  
 

7.5.1.1 Interrater judgement auditory analysis 

To ensure a reliable analysis of the data, an interrater analysis was carried out on 
approximantly 10% (N = 864) of the data, which were selected semi-randomly. It 
included pre-, post- and follow-up-test data, and contained different sound categories 
as well as higher and lower frequency and trained and untrained items (see Table 7-5).  

Table 7-5: Auditory test items judged by interrater  

 Sound Category Testitem Frequency Trained/  Not 
Trained 

1 Vowel melon /melən/ LF NT 
2 Diphthong page /peɪdʒ/ HF T 
3 Plosive egg /ɛg/ LF T 
4 Fricative  month /mʌnθ/ HF NT 
5 Affricate cage /keɪdʒ/ LF NT 
6 Approximant one /wʌn/ HF T 

In contrast to the researcher who is a non-native speaker of English, the rater is a 
monolingual native speaker of English. The rater took part in a training session to gain 
familiarity with the rating scale and the procedure. In order to reduce rater biases, the 
rater was blind to the nature of data she was coding (e.g. pre-test, control group, high 
frequency, trained).  

A Spearman’s rank-order correlation was run to assess the agreement between 
the judgements of the two raters. The outcomes showed that there was a moderate 
positive correlation between the two raters, rs (862) = .520, p < .001. 

 As Cohen’s κ is the more commonly used test for interrater reliability, it was also 
run to determine the rater’s and interrater’s judgements of the auditory data. The results 
show that there was a fair agreement between the two raters, κ = .276, 95% CI [.231, 
.321], p < .001. 
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Table 7-6: Interrater reliability auditory analysis (Cohen’s κ) 

The second rater seemed to be more generous with regards to a positive judgement 
(see Table 7-6).  

 Additional to the auditory evaluation of the data, an acoustic analysis of the same 
test items was carried out and is described in the following section (see Section 7.5.2).  

7.5.2 Acoustic analyses  

The acoustic analyses were carried out with the Praat software (Boersma & Weenik, 
2012). For each of the 8064 audio data files (56 different test items x 16 participants x 
3 repetitions at the 3 data collection points), text grids were generated in Praat. The 
segmentation of the sounds was done manually in Praat using the spectrogram and 
waveform of a speech sound. Praat scripts were customised and used to retrieve the 
required information and to generate the output. As discussed in Section 3.5, 14 sounds 
were selected for the intervention study and recorded within the context of 56 word 
stimuli (see Table 7-4). Due to their specific acoustic features the 14 sounds belong to 
six sound categories: vowels, diphthongs, plosives, fricatives, affricates and 
approximants. As each of these categories contain defining acoustic parameters (see 
Sections 5.2 to 5.4.4), distinct acoustic measurements have to be performed for each 
category (see Table 7-7 to Table 7-10). The mean values from the three repetitions at 
each of the three data collection periods were used for the final statistical analyses and 
data summaries.  

7.5.2.1 Acoustic analysis of the vowels 

Full formant frequency structure and voicing are inherent phonetic features of vowels 
in spectrograms, the vowel onsets and offsets were located using the full formant 
structure, characterised by a sequence of salient formant frequencies in a spectrogram 
and voicing as a cue for segmentation (see Figure 7-2). In addition, listening was used 
to determine the boundaries. To increase the accuracy throughout the analyses, 

Interrater * Rater Crosstabulation 
Count 

 Rater Total 
 0 1 2 

Rater 
2 

0 50 2 2 54 
1 26 76 7 109 
2 17 304 380 701 

Total 93 382 389 864 
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segmentation boundaries were usually placed at the point where the waveform crosses 
the amplitude axis (zero crossing). In case of transition phases, the boundaries were 
placed at the nearest zero crossing from the temporal midpoint of this area (Machač & 
Skarnitzl, 2009).  

 
Figure 7-2: Sound segmentation vowel (bag)  

The acoustic vowel measurements (see Table 7-7) included vowel duration (in 
ms) and F1 and F2 frequencies (in Hz) that were taken at the onset (0%) and the 
temporal midpoint (50%) of the vowel. When displayed in a vowel plot, F1 and F2 
measurements can be used to determine vowel quality (see Section 5.2.1).  

Table 7-7: Word context and properties of the vowel sounds /ɑ:/, /ɔ:/, /ə/, /æ/ 

 Sound Testitem HF/LF trained Acoustic measurements of the 
vowel 

Vowels 

/ɑ:/ 

arm /ɑ:m/ HF T 

vowel duration 
F1 (0%,50%),  
F2 (0%, 50%) 

 

aunt /ɑːnt/ LF T 
dark /dɑ:k/ HF NT 
scarf /skɑ:f/ LF NT 

/ɔ:/ 
all /ɔ:l/ HF T 

draw /drɔ:/ LF T 
small /smɔ:l/ HF NT 
chalk /tʃɔ:k/ LF NT 

/ə/ 

from /frəm/ HF T 
clever /klevə/ LF T 
mother /mʌðə/ HF NT 
melon /melən/ LF NT 

/æ/ 

thank /θæŋk/ HF T 
clap /klæp/ LF T 
bag /bæg/ HF NT 

maths /mæθs/ LF NT 
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7.5.2.2 Acoustic analysis of the diphthongs and approximants (semi-vowels) 

For diphthongs, articulation moves from one vowel to the next. Analogous to the 
segmentation of the vowels, the diphthong boundaries were manually placed at the 
zero crossing at the onset and offset of voicing and full formant structure. As the formant 
changes define diphthong quality (see Section 5.3) the diphthong measurements were 
taken at 20%, 40%, 60% and 80% of the diphthong to account for spectral change (see 
Table 7-8). 

 
Figure 7-3: Segmentation diphthong (dear) 

As the approximant leads into the following vowel, there is no definitive way of 
separating the approximant from the ensuing vowel in a waveform or spectrogram 
analysis. Thus, the measurements were taken at the onset of the approximant and the 
offset of voicing of the following vowel (see Figure 7-3). Similar to the diphthongs the 
place of articulation changes between the approximant and the vowel and thus the 
equivalent analyses used for diphthongs can be applied for the semi-vowels.  
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Table 7-8: Word context and properties of the diphthongs /ɪə/, /eɪ/ and the approximant /w/ 

 Sound Testitem HF/LF Trained Acoustic measurements of the 
diphthong/approximant 

Diphthongs 

/ɪə/ 

year /jɪə/ HF T 

diphthong/ approximant-vowel 
duration 

F1 (20%,40%, 60%, 80%) 
F2 (20%,40%, 60%, 80%) 
Spectral rate of change 

 
 

dear /dɪə/ LF T 
hear /hiə/ HF NT 
beer /bɪə/ LF NT 

/eɪ/ 

page*40 /peɪdʒ/ HF T 
grey /greɪ/ LF T 
wait /weɪt/ HF NT 
cage /keɪdʒ/ LF NT 

Approximants /w/ 

one /wʌn/ HF T 
swing /swɪɳ/ LF T 
wait /weɪt/ HF NT 
witch /wɪtʃ/ LF NT 

 

7.5.2.2.1 Euclidean distances  

In cluster analyses, Euclidean distances are commonly used to measure the distances 
between points in an `n´-dimensional space (see Figure 7-4) using Pythagora’s 
Theorem (a2+b2= c2) (Halibisky, 1999).  

 
Figure 7-4: Euclidean distances (adapted from Halibisky, 1999) 

Similarly, Euclidean distances are used in phonetic research to assess the 
distinctiveness of similar vowel qualities in a F1/ F2 plane in which the Euclidean 
distances quantifying the distance between each data point and the centroid of the 
entire cluster (Herrmann, 2010). Therefore, this distance can be used to measure the 
changes of vowel quality over time (Fox & Jacewicz, 2009).  
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As the formant midpoint values are seen as the steady state of the vowel and the 
data is plotted in F1 x F2-F1 planes (see Section 4.2), in this thesis the Euclidean 
distances are calculated between the centroid and the vowel midpoint values of F1 and 
F2-F1 for each of the four vowels treated in the intervention (/ɑː/, /ɔː/, /ə/, and /æ/) in 
order to assess the changes in vowel quality over the three data collection points (t0, t1 
and t2) and between the intervention and control group.  

!"#$%&'()	+%,-()#' = 	/0123'$	(52 − 51) − #')-:2%&(52 − 51);< + (123'$51 − #')-:2%&51)< 

7.5.2.2.2 Vector length (VL) 

The Euclidean distance can be used to determine the length of a vector in a F1 / F2-
F1 space (see Section 7.5.2.2.1). In the same way, it can be used to determine the 
length of formant movement by calculating the difference between the starting and end 
point of a diphthong. As the surrounding consonants have an immediate effect on the 
vowel formants, the measurements of the first and last 20% of the diphthong were 
discarded in this thesis (see Section 4.2). So, in order to assess the change in the 
formant movements over time, formant measurements were taken at four (20%, 40%, 
60% and 80%) temporal points of the diphthong. The vector length (VL) is calculated 
as the Euclidean distance (in Hz) between the 20% and 80% temporal points of the 
diphthong in the F1 / F2-F1 plane (Fox & Jacewicz, 2009):  

>? = 		@	(51AB51C)< + ((52 − 51)A − (52 − 51)C) 

 

7.5.2.2.3 Trajectory length (TL) 

The vector length measures the overall magnitude of the formant movement between 
the beginning and end of the measurement. Diphthongs usually appear in the shape of 
a curve in the F1/ F2-F1 plane. However, the VL does not give any information about 
the curves in the formant tracks. Therefore, in order to look at the formant changes 
more closely over the course of the diphthong duration, the trajectory length can be 
calculated for each of the three measured sections of the diphthong; from 20% to 40%, 
from 40% to 60% and from 60% to 80%. The length of each section (VSLN) is measured 
as follows:  

>D?E = @	(51EB51EFA)< + ((52 − 51)E − (52 − 51)EFA) 
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The sum of all the three trajectory lengths of the three vowel sections can then 
described as the overall formant trajectory length (Fox & Jacewicz, 2009): 

G? = H>D?E
I

EJA
 

 

7.5.2.2.4 Spectral rate of change (roc) 

The trajectory length provides detailed account of the formant change, but does not 
give any information on the amount of frequency change over time. Yet, the variation 
of spectral change over the diphthong’s duration (di_dur) accounts for the differences 
in the diphthong’s dynamic structure. Therefore, the spectral rate of change of the TL 
is calculated over the measured 60% portion (20% to 80%) of the diphthong.  

G?_:2# = G?
0.60	O	&%_&": 

 

To compare the sections of the diphthong between groups, the rate of change for each 
the three sections (VSL_roc) between the 20% and 40%, 40% to 60% and 60% to 80% 
temporal points can be measured (Fox & Jacewicz, 2009): 

>D?_:2#E =
>D?E

0.20	O	&%_&": 

 

7.5.2.3 Acoustic analysis of the plosives 

One of the main distinctions between the voiced and voiceless plosive in post-vocalic 
position is the duration of the preceding vowel, which is segmented as described above 
(see Section 7.5.2.1). Additionally, there is no noticeable fundamental frequency nor 
formant structure present in the occlusion phase of the voiceless plosive (Machač & 
Skarnitzl, 2009). Thus, to detect voicing, f0 is measured at 75% and 100% of the vowel 
preceding the post-vocalic plosive.  
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Figure 7-5: Segmentation plosive (job – pronounced as /dʒɒp/) 

The absence of a formant structure throughout the plosive was used for its 
segmentation. As the release of a voiced plosive is not always visible, the stop gap and 
plosive duration could not always be measured. Therefore the duration of the preceding 
vowel and the absence or presence of fundamental frequency which shows voicing 
(see Section 5.4.2) are used as the main cues for the voicing distinction in this thesis 
(see Figure 7-5 and Table 7-9).  

Table 7-9: Word context and properties of the plosives /b, d, g/ in final position 

 Sound Testitem HF/
LF Trained Measurements of 

the preceding vowel 
Measurements 
of the plosive 

Plosive 

/b/ final 
job /dʒɒb/ HF T 

vowel duration 
postvocalic f0 

(0%,25%) 
plosive duration 

web /web/ LF T 
club /klʌb/ HF NT 
verb /vɜb/ LF NT 

/d/ final 
bad /bæd/ HF T 

bread /brɛd/ LF T 
child /tʃaɪld/ HF NT 
gold /gəʊld/ LF NT 

/g/ final 

big /bɪg/ HF T 
egg /ɛg/ LF T 
bag /bæg/ HF NT 
leg /lɛg/ LF NT 
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7.5.2.4 Acoustic analysis of the fricatives and affricates 

Fricatives and affricates can be segmented from vowels with the help of the onset and 
offset of a full formant structure. Once more, the vowel segmentation was carried out 
as described above in Section 7.5.2.1 (see Figure 7-6).  

 
Figure 7-6: Segmentation fricative (teeth) 

Yet again, to establish voicing, the duration of the vowel is taken into account as well 
as fricative length, as shorter fricative durations indicate voicing. Fricatives and 
affricates display an aperiodic character of the waveform and relative intensity 
differences can be seen in the spectrogram (see Figure 7-6). These features can be 
exploited as segmentation guidelines. The manner of articulation can be deduced from 
the centre of gravity (see Section 5.4.3). This approach models the fricative spectrum 
as a single normal distribution, which reflects the formant of the dominant front cavity 
that defines the fricative. The centre of gravity depicts the mean of this distribution 
(Wrench, 1995). Table 7-10 provides an overview over the word context, properties and 
acoustic measurements of the fricatives /z/, /ð/ and /θ/ and affricate /w/. The source-
filter theory helps to explain the details of vowel spectra through the glottal sound 
source spectrum that is filtered by the vocal tract (Pickett, 1999) and this filter 
determines the frequency characteristics of a particular sound (see Figure 5-3) 
(Scarborough, 2005).  
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Table 7-10: Word context and properties of the fricatives /z, ð, θ/ and the affricate /w/ 

 Sound Testitem HF/LF trained 
Measurements of 

the adjacent 
vowel 

Measurements of 
the 

fricative/affricate 

Fricatives 

/z/ 
close /kləʊz/ HF T 

vowel duration 
prevocalic: f0 
(75%,100%) 

postvocalic: f0 (0%, 
25%) 

fricative/ affricate 
duration 

centre of gravity 

jeans /dʒiːnz/ LF T 
goes /gəʊz/ HF NT 
zoo /zu:/ LF NT 

/ð/ 
that /ðæt/ HF T 
them /ðem/ LF T 
the /ðə/ HF NT 

smooth /smu:ð/ LF NT 

/θ/ 
thing /θɪŋ/ HF T 
thin /θɪn/ LF T 

month /mʌnθ/ HF NT 
teeth /ti:θ/ LF NT 

Affricates /dʒ/ 
job /dʒɒb/ HF T 

jeans /dʒiːnz/ LF T 
John /dʒɒn/ HF NT 
cage /keɪdʒ/ LF NT 

 

7.5.2.5 Interrater judgement acoustic analysis 

To ensure a reliable analysis of the data, a second rater analysed about 10% of the 
acoustic data, which were selected semi-randomly. It included pre-, post- and follow-
up-test data and contained different sound categories as well as higher and lower 
frequency and trained and untrained items (see Table 7-11).  

Table 7-11: Acoustic test items and measurements judged by rater and interrater  

Measurements  
Interrater Analysis Category Test Item 

Frequency 
higher vs 

lower 

Training 
trained vs 
untrained 

Vowel duration 
F1 midpoint (vowel) Vowel all /ɔ:l/ HF T 
Diphthong duration 
F1 midpoint (diphthong) Diphthong dear /dɪə/ LF T 
Vowel duration 
F1 midpoint (vowel) Plosive club /klʌb/ HF NT 
Vowel duration 
F1 midpoint (vowel) Fricative zoo /zu:/ LF NT 
Vowel duration 
F1 (midpoint vowel) Affricate job /dʒɒb/ HF T 
Approximant/ vowel duration 
F1 (midpoint approximant/ vowel) Approximant swing /swɪɳ/ LF T 

In contrast to the rater who is a non-native speaker of English, the second rater 
is a monolingual native speaker of English with a BA in English language. Moreover, 
he has a good command of the software program Praat and wrote his BA thesis in the 
field of English phonetics. The rater took part in a training session to familiarise himself 
with the Praat setup, and with the segmentation guidelines applied by the rater (see 
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Machač & Skarnitzl, 2009). In order to reduce rater biases, he was blind to the 
characteristics of the data they were coding (e.g. pre-test, control group, higher 
frequency, not trained).  

Although different sound categories are included in the data, the vowels in all test 
items play a crucial role for the acoustic data analyses. This does not only hold true in 
case of the vowels, diphthongs and semi-vowels (approximants), but also for the 
assessment of the voicing in plosives, affricates and fricatives (see Section 5.4). 
Therefore, vowel durations and F1 frequency values at the midpoint of the vowel for all 
interrater test items (see Table 7-11) were selected as suitable data points for the 
interrater analysis (see Table 7-11). 

Table 7-12: Duration (in ms) and F1 (Hz) 

Category Measure 
Rater Interrater Pearson 

Correlation 
Sig 
2-

tailed Mean SD Mean SD 
Vowel 

all 
Vowel duration 285.9 75.64 343.3 85.87 .799 .000 

F1 midpoint (vowel) 702.78 118.47 698.64 116.99 .945 .000 
Diphthong 

dear 
Diphthong duration 351.1 67.86 377.5 69.82 .947 .000 

F1 midpoint (diphthong) 573.05 108.81 578.26 112.10 .982 .000 
Plosive 

club 
Vowel duration 142.4 50.70 152.8 51.84 .801 .000 

F1 midpoint (vowel) 850.44 173.32 846.25 172.99 .989 .000 
Fricative 

zoo 
Vowel duration 276.6 71.04 305.1 97.89 .707 .000 

F1 midpoint (vowel) 435.64 74.34 433.20 76.09 .919 .000 
Affricate 

job 
Vowel duration 191.5 51.29 210.4 55.93 .001 .990 

F1 (midpoint vowel) 744.35 97.02 741.49 101.75 .008 .929 

Approxi-
mant 
swing 

Approximant/vowel 
duration 126.3 31.45 172.1 50.62 .644 .000 

F1 (midpoint  
approximant/ 

 vowel) 
542.62 86.54 536.50 82.76 .835 .000 

Total Durational measures 230.1 101.10 261.3 111.69 .874 .000 
F1midpoint meaures 642.16 179.98 639.76 179.75 .935 .000 

A Pearson’s correlation was run to assess the relationship between the vowel 
duration ratings between the rater and the second rater and also to evaluate the 
measurements for F1 at the vowel midpoint taken by the rater and the second rater. 
The outcomes are presented in Table 7-12. There was a strong positive correlation 
between the total vowel durations measured by the rater and the interrater, r (841) = 
.874, p < .001 and there was also a strong positive correlation between the total 
measurements for the first formant at vowel midpoint taken by the rater and the 
interrater, r (841) = .935, p < .001 indicating a very good agreement between the two 
raters. However, looking at the distinct categories, it is evident that there was no 
significant correlation between the first rater and second rater for the duration and 
formant frequencies of the test item `job´. An inspection of the annotated Praat data 
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revealed that the interrater often included parts of the affricate /dʒ/ in the segmentation 
of the vowel and therefore made systematic inaccuracies in the measurements. It is for 
this reason that the data for `job´ is included in the study despite the missing agreement 
between the first and second rater. 
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8. Results 

This chapter presents the outcomes of a pronunciation intervention study in which 16 German 
students of English took part over the course of five months. As discussed in Chapter 7, half 
of the students received the intervention programme whereas the other half served as a 
control group. The participants came from eight different classes in two school types to 
account for differences in the education background. They were evenly divided according to 
sex, and their mean age at the entry point of the study was 11 years (SD = 0.32 years) (see 
Table 7-3 for an overview). 

An independent-samples t-test was run to determine if there were age differences in 
the intervention and the control group which each contained eight participants. There were 
no outliers in the data, as assessed by the inspection of a boxplot. Engagement scores for 
the intervention and control group were normally distributed, as assessed by Shapiro-Wilk's 
test (p > .05), and there was homogeneity of variances, as assessed by Levene's test for 
equality of variances (p = .152). The age was slightly higher in the intervention group (M = 
11.06, SD = 0.26) than in the control group (M = 10.84, SD = 0.36). However, there was no 
statistically significant difference in the mean age between the intervention and the control 
group, M = 0.21, 95% CI [- 0.12 to 0.55], t(14) = 1.367, p = .193. This shows that the two 
groups were age-matched.  

The pronunciation data were collected at three time points: A pre-test (t0) was carried 
out prior to the intervention and a post-test (t1) was done directly after the intervention. To 
control for long-term effects follow-up data were again collected five months after the study 
(t2,). Besides time, the repeated measures also included measures that described features of 
the test items such as higher and lower frequency, as well as trained and untrained (see 
Table 7-4). The between subject measure was group (control and intervention). The same 
dataset was evaluated with two kinds of analyses. First, auditory analyses were applied and 
the results are presented in Section 8.1. and then discussed in Section 8.2. of this chapter. 
Second, Section 8.3  presents the results of the acoustic analyses. The chapter closes with 
a discussion of the results of the acoustic analyses (see Section 8.4).  

8.1 Auditory Analyses 

To evaluate the students’ pronunciation performances, at each test period the students were 
asked to read the 56 (x 3 repetitions) test items that included the 14 targeted sounds (see 
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Table 7-4). All stimuli were assessed auditorily by a rater using a three-point (0,1,2) scale to 
evaluate the participants’ performances. The sums of the means of each of the three 
repetitions with a possible maximum score of six were then used for the statistical data 
analysis (see Section 7.5.1). Table 8-1 presents the means and the standard errors of the 
auditory analysis for each data collection point by group, frequency and training status. 

Table 8-1: Means and SE of the auditory analysis 

Condition N Pre-test (t0) Post-test (t1) Follow-up-test (t2) 
Mean SE Mean SE Mean SE 

group intervention (I) 448 3.88 .114 3.95 .111 4.15 .111 
control (C) 448 3.59 .114 4.01 .111 3.95 .111 

frequency higher frequency (HF) 448 3.89 .089 4.11 .076 4.16 .103 
lower frequency (LF) 448 3.58 .106 3.84 .098 3.93 .080 

training trained (IT) 448 3.85 .070 4.07 .066 4.10 .098 
not trained (NT) 448 3.62 .104 3.89 .099 4.00 .068 

One of the aims of the intervention study is to find out whether different sounds pose 
different pronunciation problems to second language learners. Therefore, the following tables 
(Table 8-2 to Table 8-4) show the means and standard errors of the auditory analysis for 
each of the 14 sounds treated in the intervention by group status at each data collection point.  

Table 8-2: Means and SE of the vowels and approximant of the auditory analysis 

time group /ɑ:/ /ɔ:/ /ə/ /æ/ /w/ 
Mean SE Mean SE Mean SE Mean SE Mean SE 

t0 I 3.66 .23 3.31 .33 4.91 .25 4.22 .24 3.97 .24 
C 3.88 .23 3.59 .33 4.97 .25 4.41 .24 3.41 .24 

t1 I 3.56 .34 3.25 .30 4.72 .23 4.16 .28 4.44 .19 
C 4.28 .34 3.81 .30 5.22 .23 4.72 .28 4.44 .19 

t2 I 4.13 .28 3.94 .31 4.75 .23 4.09 .23 4.53 .27 
C 4.19 .28 3.78 .31 5.13 .23 4.41 .23 4.41 .27 

Table 8-3: Means and SE of the diphthongs and plosives of the auditory analysis 

time group /ɪə/ /eɪ/ /b/ /d/ /g/ 
Mean SE Mean SE Mean SE Mean SE Mean SE 

t0 I 
C 

3.66 .22 4.41 .25 3.38 .14 3.78 .21 4.06 .39 
3.41 .22 4.66 .25 3.47 .14 3.34 .21 3.44 .39 

t1 I 
C 

3.81 .28 4.09 .40 3.25 .23 3.69 .37 3.72 .27 
4.03 .28 4.94 .40 4.03 .23 3.69 .37 3.78 .27 

t2 I 
C 

4.03 .26 4.53 .39 3.41 .24 4.03 .28 4.09 .40 
3.47 .26 4.72 .39 3.97 .24 4.13 .28 3.59 .40 

Table 8-4: Means and standard error of the fricatives and affricates of the auditory analysis 

time group /z/ /ð/ /θ/ /dʒ/ 
Mean SE Mean SE Mean SE Mean SE 

t0 I 3.41 .13 3.84 .20 3.88 .33 3.97 .27 
C 3.06 .13 2.88 .20 2.53 .33 3.19 .27 

t1 I 3.50 .10 4.56 .16 4.19 .40 4.31 .32 
C 3.22 .10 3.22 .16 2.91 .40 3.84 .32 

t2 I 3.44 .12 4.38 .25 4.38 .29 4.34 .21 
C 3.16 .12 3.50 .25 3.13 .29 3.75 .21 
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In order to show whether a training effect takes place due to the pronunciation 
programme, half of the test items were explicitly trained in the intervention. Therefore, the 
following tables (Table 8-5 to Table 8-7) show the means and standard errors of the auditory 
analysis for each of the 14 sounds treated in the intervention by group and training status (T) 
at each data collection point. 

Table 8-5: Means and standard error of the vowels and approximant of the auditory analysis by training 
status 

time group T41 /ɑ:/ /ɔ:/ /ə/ /æ/ /w/ 
Mean SE Mean SE Mean SE Mean SE Mean SE 

t0 
 

I IT 3.63 .25 3.44 .46 4.94 .30 4.13 .27 3.63 .23 
NT 3.69 .28 3.19 .26 4.88 .36 4.31 .31 4.31 .33 

C IT 3.75 .25 3.63 .46 4.75 .30 4.81 .27 3.31 .23 
NT 4.00 .28 3.56 .26 5.19 .36 4.00 .31 3.50 .33 

t1 
I IT 3.56 .33 3.38 .42 4.63 .25 4.44 .33 4.19 .31 

NT 3.56 .39 3.13 .27 4.81 .36 3.88 .30 4.69 .36 

C IT 4.19 .33 3.75 .42 5.31 .25 4.56 .33 4.69 .31 
NT 4.38 .39 3.88 .27 5.13 .36 4.88 .30 4.19 .36 

t2 
I IT 4.25 .32 4.00 .36 4.56 .32 4.31 .27 4.00 .22 

NT 4.00 .41 3.88 .38 4.94 .32 3.88 .33 5.06 .37 

C IT 4.25 .32 3.63 .36 5.06 .32 4.50 .27 4.69 .22 
NT 4.13 .41 3.94 .38 5.19 .32 4.31 .33 4.13 .37 

 

Table 8-6: Means and standard error of the diphthongs and plosives of the auditory analysis by training 
status 

time group T /ɪə/ /eɪ/ /b/ /d/ g/ 
Mean SE Mean SE Mean SE Mean SE Mean SE 

t0 
 

I IT 3.56 .19 5.25 .26 3.50 .24 3.94 .24 4.06 .39 
NT 3.75 .30 3.56 .49 3.25 .12 3.63 .24 4.06 .41 

C IT 3.38 .19 5.25 .26 3.88 .24 3.25 .24 3.50 .39 
NT 3.44 .30 4.06 .49 3.06 .12 3.44 .24 3.38 .41 

t1 
I IT 3.81 .34 4.31 .37 3.56 .28 3.75 .37 3.69 .37 

NT 3.81 .30 3.88 .57 2.94 .25 3.63 .44 3.75 .27 

C IT 4.06 .34 5.25 .37 4.19 .28 3.75 .37 3.81 .37 
NT 4.00 .30 4.63 .57 3.88 .25 3.63 .44 3.75 .27 

t2 
I IT 3.69 .24 4.81 .42 3.63 .33 4.19 .29 4.06 .41 

NT 4.38 .36 4.25 .47 3.19 .17 3.88 .37 4.13 .42 

C IT 3.50 .24 5.00 .42 4.31 .33 3.69 .29 3.69 .41 
NT 3.44 .36 4.44 .47 3.63 .17 4.56 .37 3.50 .42 

  

                                                
41 T = Training, IT = trained in the intervention, NT= not trained in the intervention 
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Table 8-7: Means and standard error of the fricatives and affricate of the auditory analysis by training 
status 

time group T /z/ /ð/ /θ/ /dʒ/ 
Mean SE Mean SE Mean SE Mean SE 

t0 
 

I IT 3.25 .10 4.00 .25 3.81 .24 4.38 .27 
NT 3.56 .19 3.69 .22 3.94 .64 3.56 .36 

C IT 2.94 .10 3.13 .25 3.63 .24 3.19 .27 
NT 3.19 .19 2.63 .22 1.44 .64 3.19 .36 

t1 
I IT 3.19 .10 4.75 .19 4.44 .30 4.69 .30 

NT 3.81 .19 4.38 .29 3.94 .62 3.94 .50 

C IT 2.94 .10 3.50 .19 3.94 .30 3.75 .30 
NT 3.50 .19 2.94 .29 1.88 .62 3.94 .50 

t2 
I IT 3.13 .07 4.63 .32 4.19 .33 4.63 .28 

NT 3.75 .22 4.13 .28 4.56 .45 4.06 .29 

C IT 2.94 .07 3.88 .32 3.69 .33 3.81 .28 
NT 3.38 .22 3.13 .28 2.56 .45 3.69 .29 

There is evidence that word frequency affects speech production (see Section 5.5). It 
is for this reason that Table 8-8, Table 8-9 and Table 8-10 show the means and standard 
errors of the auditory analysis for each of the 14 sounds treated in the intervention by group 
and frequency status (F) at each data collection point. 

Table 8-8: Means and standard error of the vowels and approximant of the auditory analysis by training 
status 

time group F42 /ɑ:/ /ɔ:/ /ə/ /æ/ /w/ 
Mean SE Mean SE Mean SE Mean SE Mean SE 

t0 
 

I HF 3.63 .33 3.56 .30 4.69 .27 4.56 .30 4.13 .27 
LF 3.69 .33 3.06 .44 5.13 .32 3.88 .34 3.81 .28 

C HF 4.38 .33 4.25 .30 5.06 .27 4.63 .30 3.56 .27 
LF 3.38 .33 2.94 .44 4.88 .32 4.19 .34 3.25 .28 

t1 
I HF 3.44 .40 3.81 .31 4.44 .27 4.50 .31 4.69 .22 

LF 3.69 .36 2.69 .50 5.00 .30 3.81 .33 4.19 .31 

C HF 4.38 .40 4.81 .31 5.25 .27 5.19 .31 4.38 .22 
LF 4.19 .36 2.81 .50 5.19 .30 4.25 .33 4.50 .31 

t2 
I HF 4.06 .34 4.13 .38 4.50 .32 4.44 .32 4.94 .27 

LF 4.19 .33 3.75 .47 5.00 .31 3.75 .28 4.13 .38 

C HF 4.25 .34 4.38 .38 4.94 .32 4.50 .32 4.56 .27 
LF 4.13 .33 3.19 .47 5.31 .31 4.31 .28 4.25 .38 

  

                                                
42 F = Frequency, HF = higher frequency test items, LF = lower frequency test items 
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Table 8-9: Means and standard error of the diphthongs and plosives of the auditory analysis by fre-
quency status 

time group F /ɪə/ /eɪ/ /b/ /d/ /g/ 
Mean SE Mean SE Mean SE Mean SE Mean SE 

t0 
 

I HF 3.69 .29 4.63 .24 3.63 .30 3.75 .33 4.00 .39 
LF 3.63 .22 4.19 .37 3.13 .13 3.81 .21 4.13 .42 

C HF 3.63 .29 4.63 .24 3.69 .30 3.75 .33 3.44 .39 
LF 3.19 .22 4.69 .37 3.25 .13 2.94 .21 3.44 .42 

t1 
I HF 3.88 .36 4.25 .34 3.50 .28 3.69 .36 3.63 .25 

LF 3.75 .35 3.94 .53 3.00 .30 3.69 .43 3.81 .35 

C HF 4.38 .36 5.06 .34 4.19 .28 3.88 .36 3.63 .25 
LF 3.69 .35 4.81 .53 3.88 .30 3.50 .43 3.94 .35 

t2 
I HF 4.25 .35 4.69 .40 3.38 .27 4.19 .29 4.25 .44 

LF 3.81 .28 4.38 .45 3.44 .29 3.88 .32 3.94 .39 

C HF 3.69 .35 4.44 .40 4.25 .27 4.19 .29 3.69 .44 
LF 3.25 .28 5.00 .45 3.69 .29 4.06 .32 3.50 .39 

Table 8-10: Means and standard error of the fricatives and affricate of the auditory analysis by fre-
quency status 

time group F /z/ /ð/ /θ/ /dʒ/ 
Mean SE Mean SE Mean SE Mean SE 

t0 
 

I HF 3.25 .14 4.31 .28 3.69 .37 4.19 .30 
LF 3.56 .23 3.38 .31 4.06 .36 3.75 .41 

C HF 2.94 .14 3.31 .28 2.56 .37 3.50 .30 
LF 3.19 .23 2.44 .31 2.50 .36 2.88 .41 

t1 
I HF 3.13 .10 5.13 .27 4.00 .39 4.81 .27 

LF 3.88 .20 4.00 .21 4.38 .48 3.81 .52 

C HF 2.94 .10 3.75 .27 2.56 .39 3.94 .27 
LF 3.50 .20 2.69 .21 3.25 .48 3.75 .52 

t2 
I HF 3.06 .09 5.06 .34 4.38 .35 4.69 .27 

LF 3.81 .22 3.69 .28 4.38 .36 4.00 .30 

C HF 2.94 .09 3.75 .34 3.19 .35 3.88 .27 
LF 3.38 .22 3.25 .28 3.06 .36 3.63 .30 

The auditory data were analysed using SPSS (IBM Corp., 2013). All effects are 
reported as significant at p < .05. A mixed-model ANOVA43 was carried out to determine 
whether there were any main effects and interaction effects for the repeated measures time, 
frequency and training between the intervention and control group (see Table 8-11). The 
Greenhouse-Geisser correction was used to detect violations of sphericity. Kesselmann et 
al. (1980) consider Mauchly's test of sphericity a poor method to detect violations of sphericity 
as it often fails to detect departures from sphericity in small samples (which are used in this 
study). Therefore, Maxwell & Delaney (2003) suggest ignoring the result of Mauchly's test 
and use the Greenhouse-Geisser correction. This method is applied in this study and the 
following table shows the significant between and within subjects effects for the repeated 
measures after the Greenhouse-Geisser correction.  

                                                
43 There were no outliers in the data, as assessed by studentized residuals (no residuals ≥ ±3 SD. Levene’ s test 

showed that for 154 out of the 168 mean testitems homogeneity of variance (p > .05) could be established. 
Shapiro-Wilk's test showed that most ratings were normally distributed. As the mixed ANOVA is somewhat 
robust to deviations from normality, sphericity and homogeneity of variance, violations are no exclusion criteria 
for this test (Lund Research Ltd, 2013),   
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Table 8-11: Significant within subjects and between subjects effects 

Measures df Error44 F Sig. Partial Eta 
Squared 

group (intervention/ control) 1.00 14 1.28 .27745 .084 
time (pre-/ post-/ follow-up-test) 1.70 23.86 8.39 .003 .375 
time x group 1.70 23.86 2.77 .09046 .165 
training (trained/ untrained) 1.00 14 9.13 .009 .395 
frequency (higher/ lower frequency) 1.00 14 9.65 .008 .408 
sound 5.60 78.46 9.17 .000 .396 
sound x group 5.60 78.46 3.53 .005 .202 
time x training 1.98 27-78 2.61 .09243 .157 
time x frequency x group 1.82 25.44 2.79 .08543 .166 
training x frequency 1.00 14.00 3.93 .06743 .219 
training x sound 5.20 72.93 4.32 .001 .236 
training x sound x group 5.20 72.83 2.67 .027 .160 
frequency x sound 6.43 90.04 5.47 .000 .281 
training x frequency x sound 5.33 74.68 7.12 .000 .337 

The mixed model ANOVA revealed (see Table 8-11) that there were statistically 
significant main effects for time, training, frequency and sound. Moreover, there were 
significant interaction effects for sound x group, training x sound, training x sound x group, 
frequency x sound as well as training x frequency x sound. In addition, the interactions 
between time x group, time x training, time x frequency x group and training x frequency 
approached significance. The following sections look at the main and interaction effects in 
more detail.  

8.1.1 Main effect: Group 

There was no main effect between the two groups over all data collection points (F (1, 14) = 
1.28, p = .277) with the intervention group (M = 3.994, SE = .091) receiving only slightly 
higher ratings compared to the control group (M = 3.849, SE = .091). However, the mixed 
model ANOVA revealed (see Table 8-11) a trend between the interaction between time x 
group (F (1,7, 23.86) = 2.77, p = .090) and significant interactions between group x sound (F 
(5.60, 78.46)= 3.53, p = .005) and group x training x sound (F (5.2, 72.83) = 2.67, p = .027).  

8.1.2 Main effect: Time  

There was a significant main effect of the pronunciation ratings at the different time points 
during the intervention (F (1.7, 23.86) = 8.39, p < .003) with the pronunciation ratings 

                                                
44 The error is fractioned due to the fact that the error is calculated according to the Greenhouse-Geisser correction 
45 The between factor group does not show significance but is included for reference.   
46 These subject measures are included as they approach significance.  
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increasing from pre-intervention (M47 = 3.74, SE = .08) to post-intervention (M = 3.98, SE = 
.078) to follow-up intervention (M = 4.05, SE = .078), in that order (see Figure 8-1). Post hoc 
analysis with a Bonferroni adjustment revealed that pronunciation ratings statistically 
significantly increased from pre-intervention to post-intervention (M48 = 0.24, 95% CI [0.074, 
0.406], p = .004) and from pre-intervention to follow-up-intervention (M = 0.311, 95% CI 
[0.077, 0.546], p = .009), but not from post-intervention to follow-up-intervention (M = 0.071, 
95% CI [- 0.170, 0.312], p = .089).  

 
Figure 8-1: Mean ratings over time 

8.1.3 Main effect: Training 

There was also a statistically significant effect for trained (M = 4.01, SE = .064) vs. untrained 
test items (M = 3.84, SE = .076; F (1.000, 14) = 9.13, p < .009). Post hoc tests with a 
Bonferroni adjustment revealed that trained items had higher pronunciation ratings than 
untrained items (M = 0.172, 95% CI [0.050, 0.294], p = .009). 

8.1.4 Main effect: Frequency 

Frequency also showed a statistically significant main effect (F (1.000, 14.00) = 9.65, p < 
.008). Post hoc tests with a Bonferroni adjustment showed that higher pronunciation ratings 
were given for higher frequency items (M = 4.06, SE = .076) than for lower frequency items 
(M = 3.786, SE = .079; M = 0.272, 95% CI [0.084, 0.459], p < .008). 

                                                
47 M is used for `mean´, and (Lund Research Ltd, 2013) 
48 In this thesis M is used for `mean difference´ in order to differentiate it from the M for `mean´. 
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8.1.5 Main effect: Sounds 

There was also a statistically significant main effect of sound (F (5.60, 78.46) = 9.17, p < 
.000). The mean ratings are presented in Figure 8-2. 

 
Figure 8-249: Mean sound ratings 

Post hoc tests with Bonferroni adjustments revealed the following differences between the 
vowel /ə/ (M = 4.95, SE = .141), which shows the highest rating and the: 

 

- vowel /ɑ:/ (M = 3.95, SE = .178), (M = 1.00, SE = .194, p < .014); 

- vowel /ɔː/ (M = 3.61, SE = .197), (M = 1.33, SE = .133, p < .000); 

- vowel /æ/ (M = 4.33, SE = .132), (M = 0.61, SE = .135, p < .042); 

- diphthong /ɪə/ (M = 3.73, SE = .130), (M = 1.21, SE = .169, p < .000); 

- plosive /b/ (M = 3.58, SE = .119), (M = 1.36, SE = .163, p < .000); 

- plosive /d/ (M = 3.78, SE = .142), (M = 1.17, SE = .197, p < .003); 

- plosive /g/ (M = 3.78, SE = .220), (M = 1.17, SE = .230, p < .016); 

- fricative /z/ (M = 3.30, SE = .072), (M = 1.65, SE, .124 p < .000); 

- fricative /ð/ (M = 3.73, SE = .101), (M = 1.22, SE = .181, p < .001); 

- fricative /θ/ (M = 3.50, SE = .188), (M = 1.45, SE = .215, p < .001); 

                                                
49 Despite the fact that the variables are not continuous, line charts are used in this section for interpretation and 

legibility purposes. This is especially relevant for the following interaction graphs, as non-parallel lines and line 
crossings are indicators for significant interactions (Field 2009).  
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- affricate /dʒ/ (M = 3.90, SE = .146), (M = 1.05, SE = .199, p < .011); and 

- approximant /w/ (M = 4.20, SE = .130), (M = 0.75, SE = .164, p < .040). 

Post hoc tests with Bonferroni adjustment also showed a difference between the 
approximant /w/ (M = 4.20, SE = .130) and the: 
 

- fricative /z/ (M = 3.30, SE = .072), (M = 0.90, SE = .104, p < .000). 

In addition to the main effects for time, training, frequency and sound presented above, 
the mixed model ANOVA revealed a trend (see Table 8-11) between the interaction between 
time x group (F (1,7, 23.86) = 2.77, p = .090). It also revealed statistically significant 
interactions between sound x group F (5.604, 78.46) = 3.537, p < .005), training x sound (F 
(5.20, 72.93) = 4.32, p = .001), training sound and group (F (5.20, 72.83) = 2.67, p = .027), 
frequency x sound (F (6.43, 90.04) = 5.47, p = .000) and training x frequency x sound (F 
(5.33, 74.68) = 7.12, p = .000). The following sections looks at the interaction effects in more 
detail.  

8.1.6 Interaction between group x time 

Despite the fact that there was no main effect for group, the ANOVA showed a trend between 
the interaction group and time (F (1,7, 23.86) = 2.77, p = .090)). A closer inspection of Table 
8-1 and Figure 8-3 reveal that the mean ratings for the intervention group at the pre-test (M 
= 3.89, SE = .114) were slightly higher than for the control group (M = 3.56, SE = .114). A t-
test run on the pre-test data revealed no significant difference between the two groups (p = 
.082). Contrariwise, the mean data showed higher ratings for the control group at the post-
test (M = 4.01, SE = .111) in comparison to the intervention group (M = 3.95, SE = 111). The 
ratings in the control group decreased between the post-test and follow-up-test (M = 3.95, 
SE = .111) whereas the data shows a strong increase between the post-test (M = 3.95, SE = 
111) and the follow-up-test (M = 4.15, SE .111; see Figure 8-3) in the intervention group. A 
t-test showed a significant difference between the two groups in the follow-up test (p = .048). 
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Figure 8-3: Mean pronunciation ratings for group x time 

8.1.7 Interaction between sound x group  

There was a statistically significant interaction effect (see Table 8-11) between sound and 
group over all three data collection points (F (5.604, 78.46) = 3.537, p < .005). To examine 
this interaction, a simple effects analysis was carried out to compare the pronunciation ratings 
of each sound between the intervention and the control group (see Figure 8-4). 

 
Figure 8-4: Interaction between sound and group  
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The analysis revealed that there were significant differences50 in the ratings for the 
fricative /ð/ between the intervention group (M = 4.26, SE = .142) and the control group (M 
= 3.20, SE = .455; M = 1.06, SE = .201, p < 0.00). The same holds true for the ratings given 
for the fricative /θ / in the intervention group (M = 4.15, SE = .266). These were also 
significantly higher than for the control group (M = 2.85, SE = .266; M = 1.29, SE = .376, p = 
.004). Additionally, the differences in the ratings for the plosive /b/ (M = .479, SE = .238, p = 
.064) and the affricate /dʒ/ (M = .615, SE = 291, p = .053) approached significance. 

8.1.8 Interaction between sound and training 

There was also a significant interaction effect (see Table 8-11) between the pronunciation 
ratings of the different sounds in the trained and untrained test items for both groups over all 
three data collection points (F (5.20, 72.93) = 4.32, p = .001).  

 
Figure 8-5: Interaction between sound and training 

The simple effects analysis (see Figure 8-5) showed that the diphthong /eɪ/ received 
higher mean ratings for the trained (M = 4.98, SE = .189) compared to the untrained (M = 
4.14, SE = .3.12) test items (M = .844, SE = .302, p = .014). The final plosive /b/ also showed 
significantly higher ratings for trained test items (M = 3.84, SE = .169) than for untrained test 
items (M = 3.32, SE = .085; M = .521, SE = .123, p = .001). Similarly, the fricative /ð/ received 
higher ratings for the trained test items (M = 3.98, SE = .108) compared to the untrained test 

                                                
50 Numbers are given for the significant comparisons in the diagrams.  



An Empirical Investigation of Pronunciation Problems of Young FL Learners of English 

 133 

items (M = 3.48, SE = .144; M = .500, SE = .156, p = .006). The same holds true for the 
ratings of the fricative /θ/ that were significantly higher for trained items (M = 3.95, SE = 
.149) compared to the ratings for the untrained test items (M = 3.05, SE = .329; M = .896, SE 
= .345, p = .021). 

Contrary to the assessment of the aforementioned sounds, the ratings for the fricative 
/z/ were lower for the trained test items (M = 3.06, SE = .058) compared to the untrained test 
items (M = 3.53, SE = .120; M = - .469, SE = .120, p. = .002).  

The results presented above included the ratings for both groups. The following section 
8.1.8.1 shows the interaction for sound and training according to intervention and control 
group status. 

8.1.8.1 Interaction between sound, training and group 

There were significant interaction effects between sound x training x group (F (5.20, 72.83) 
= 2.67, p = .027).  

 
Figure 8-6: Interaction between training x sound x group (intervention group) 

The simple effects analysis (see Figure 8-6) showed that the final plosive /b/ received 
significantly higher ratings for the trained test items (M = 3.56, SE = .240) compared to the 
untrained test items (M = 3.13, SE = .120) in the intervention group (M = .438, SE = .174, p 
= 0.025). The ratings for the affricate /dʒ/ also displayed significantly higher ratings for 
trained test items (M = 4.56, SE = .198) than for untrained test items (M = 3.85, SE = .289; 
M = .708, SE = .276, p = .022). Moreover, the simple effects analysis also approached 
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significance for the diphthong /eɪ/ with higher mean ratings for the trained (M = 4.79, SE = 
.268) compared to the untrained (M = 3.90, SE = .441) test items (M = .896, SE = .426, p = 
.054). 

On the contrary, the ratings for the fricative /z/ were lower for the trained test items (M 
= 3.19, SE = .081) in contrast to the untrained test items (M = 3.71, SE = .170; M = - .521, 
SE = .170, p. = .008). Similarly, the approximant /w/ received lower ratings for the trained 
items (M = 3.94, SE = .159) in comparison to the untrained items (M = 4.69, SE = .308; M = 
-.750, SE = .324, p = .036).  

 
Figure 8-7: Interaction between training x sound x group (control group) 

With regard to the control group, the simple effects analysis (see Figure 8-7) showed 
that the plosive b in final position received significantly higher ratings for the trained test 
items (M = 4.13, SE = .240) compared to the untrained test items (M = 3.52, SE = .120; M = 
.604, SE = .174, p = .004). The fricative /ð/ also showed higher ratings for the trained test 
items (M = 3.50, SE = .152) in comparison to the untrained test items (M = 2.90, SE = .204; 
M = 1.31, SE = .220, p = .016). Similarly, the fricative /θ/ received higher ratings for the 
trained test items (M = 3.75, SE = .211) compared to the untrained test items (M = 1.96, SE 
= .465; M = 1.792, SE = .488, p = .003).  

However, the fricative /z/ displayed significantly lower pronunciation ratings for the 
trained test items (M = 2.94, SE = .081) in comparison to the untrained test items (M = 3.35, 
SE = .170; M = -. 417, SE = .170, p = .028). 
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8.1.9 Interaction between sound and frequency 

There were significant interaction effects (see Table 8-11) between the mean ratings of the 
sounds in higher and lower frequency test items (F (6.43, 90.04) = 5.47, p = .000) over all 
three data collection points.  

 

 
Figure 8-8: Interaction between sound x frequency 

The simple effects analysis (see Figure 8-8) revealed that the vowel /ɔ:/ showed higher 
ratings for the higher frequency test items (M = 4.16, SE = .200) compared to the lower 
frequency test items (M = 3.07, SE = .293; M = 1.083, SE .311, p = .004). Similarly, the vowel 
/æ/ received higher ratings for the higher frequency test items (M = 4.64, SE = .177) in 
comparison to the lower frequency (M = 4.03, SE = .166) test items (M = .375, SE = .221, p 
= .016). Moreover, the plosive /b/ in final position had significantly higher pronunciation 
ratings for higher frequency test items (M = 3.77, SE = .154) than for lower frequency test 
items (M = 3.40, SE = .129, M = .375, SE = 155, p = .030). The fricative /ð/ also received 
significantly higher ratings for higher frequency test items (M = 4.22, SE = .177) compared to 
lower frequency test items (M = 3.24, SE = 128; M = .979, SE = .234, p = .001). Equally, the 
approximant /w/ had significantly higher ratings for higher frequency test items (M = 4.37, 
SE = .135) in comparison to lower frequency test items (M = 4.02, SE = .171; M = .354, SE 
= .164, p = 0.049).  
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In contrast to the sounds mentioned above, the fricative /z/ received lower ratings for 
higher frequency test items (M = 3.04, SE = .069) compared to lower frequency test items (M 
= 3.55, SE = .130; M = - .510, SE = .150, p = .004).  

The results presented above include the frequency ratings according to the different 
sounds. The following Section 8.1.9.1 shows this interaction for sound and frequency 
according to the training status.  

8.1.9.1 Interaction between sound, training and frequency 

The interaction between sound, training and frequency (see Table 8-11) showed significant 
effects (F (5.33, 74.68) = 7.12, p = .000).  

 
Figure 8-9: Interaction between sound x frequency (higher frequency) x training 

Among the higher frequency test items (see Figure 8-9), the pronunciation of the 
diphthong /eɪ/ showed significantly higher ratings for the trained test items (M = 5.13, SE = 
.179) compared to the untrained test items (M = 4.10, SE  = .274; M = 1.021, SE = .295, p = 
.001). Similarly, the plosive /b/ in final position received higher ratings for the trained test 
items (M = 4.04, SE .218) in comparison to the untrained test items (M = 3.50. SE = .133; M 
= .542, SE = .188, p = .012) among the higher frequency test items.  

Contrary to the two sounds mentioned above, the fricative /ð/ also showed lower 
ratings for the trained test items (M = 3.83, SE = .181) compared to the untrained test items 
(M = 4.60, SE = .248; M = -.771, SE = .252, p = .008). Similarly, the affricate /dʒ/ received 
significantly lower ratings for the trained test items (M = 3.90, SE = .155) in comparison to 
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the untrained test items for the higher frequency status (M = 4.44, SE = .226; M = -.542, SE 
= .242, p = .042).  

 
Figure 8-10: Interaction between sound x frequency (lower frequency) x training  

Among the lower frequency test items (see Figure 8-10) the pronunciation of the plosive /b/ 
in final position showed significantly higher ratings for the trained test items (M = 3.65, SE 
= .189) compared to the untrained test items (M = 3.15, SE  = .1.04; M = .500, SE = .163, p 
= .008). The fricative /ð/ also received significantly higher ratings for the trained test items 
(M = 4.13, SE = .171) in comparison to the untrained test items (M = 2.35, SE = .2.03, M = 
1.77, SE = .286, p = .000). Similarly, the fricative /θ/ displayed higher ratings for the trained 
test items (M = 4.13, SE = .274) than for the untrained test items (M = 3.08, SE = .359, M = 
1.042, SE = .374, p = .015). The affricate /dʒ/ also received significantly higher ratings for 
the trained test items (M = 4.25, SE = .180) compared to the untrained test items (M = 3.02, 
SE = .426) among the lower frequency items (M = 1.229, SE = .451, p = .016).  

Contrary to the sounds mentioned above, the diphthong /ɪə/ got significantly lower 
ratings for the trained test items (M = 3.33, SE = .151) in comparison to the untrained test 
items (M = 3.77, SE = .194; M = -.438, SE = .151, p = 0.012). Equally, the fricative /z/ 
displayed lower ratings for the trained test items (M = 3.06, SE = .044) compared to the 
untrained test items (M = 4.04, SE = .248; M = - 9.79, SE = .242, p = 0.01).  

Thus far, the previous section has presented the outcomes of the auditory analysis 
which are discussed in the following section 8.2. Chapter 9 then goes on to present the 
conclusions that can be drawn from the results.   
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8.2 Discussion auditory analysis 

The auditory analysis begins with an overview of the mean pronunciation ratings for 
intervention, frequency and training at the pre-, post- and follow-up-test periods. Table 8-1 
shows that the ratings for all conditions increased with time with the exception for the mean 
ratings of the control group, that show a slight decrease between post- and follow-up-test. 
This overall improvement was expected as all subjects matured over time and also received 
ongoing language input in their English lessons. In order to have a closer look at the data 
and to find out whether the presented differences and changes are significant the following 
sections discuss the output of the mixed model ANOVA.  

 The main effect of time revealed that the mean ratings increased significantly between 
pre- and post-test and then also showed a slight increase between post- and follow-up-test 
(see Figure 8-1). Thus, it can be deduced that the highest increase in pronunciation abilities 
took place directly after the intervention and that a maintenance phase took place between 
the post- and follow-up-test. To find out whether this improvement might be a result of the 
pronunciation training programme, the data need a closer inspection. 

Prior to the intervention study the ratings for the intervention and control group should 
be fairly similar, as the intervention had not yet started, and therefore there should not be a 
difference between the two groups. However, Table 8-1 and Figure 8-4 reveal that the mean 
ratings for the intervention group at the pre-test (M = 3.88, SE = .114) were already slightly 
higher than for the control group (M = 3.56, SE = .114) showing that there might be some 
bias between the intervention and control group although the groups were assigned semi-
randomly (see Section 7.2.4). However, a t-test run on the pre-test data revealed that there 
was no significant difference between the two groups (p = .082). The data also showed that 
the significant increase (see Figure 8-1) in the pronunciation rating between pre- and post-
test mainly takes place in the control group (see Figure 8-3) which did not receive the 
intervention. Moreover, the ratings in the control group decreased between the post-test (M 
= 4.01, SE = .111) and follow-up-test (M = 3.95, SE = .111). Therefore, the significant main 
effect of time between pre- and post-test cannot be fully attributed to the training programme 
as the mean ratings in the intervention group increased only slightly between pre-test (M = 
3.88, SE = .114) and post-test (M = 3.95, SE = 111) and then showed a stronger increase 
between post-test and follow-up-test (M = 4.15, SE .111; see Figure 8-3). However, a t-test 
revealed that the difference between the two groups at the follow-up test was significant (p = 
0.48) revealing higher ratings for the intervention group. The portrayed mean data does not 
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give any information with regards to the development of the different sounds, which are 
therefore presented in the following paragraph.  

The main effects analysis showed a strong significant effect of sound (see 8.1.5). The 
sound category contains the 14 different sounds trained in the intervention (see Section 3.5). 
The mean pronunciation ratings (see Figure 8-2) revealed that the vowel /ə/ (M = 4.95, SE 
= .141), the diphthong /eɪ/ (M = 4.56, SE = .209) and the approximant /w/ (M = 4.20, SE = 
.130) received the three highest scores. In contrast, the vowel /ɔ:/ (M = 3.61, SE = .197), the 
plosive /b/ (M = 3.58 , SE = .119), the fricatives /θ/ (M = 3.50, SE = .188) and /z/ (M = 3.30, 
SE = .072) had the lowest three mean ratings and therefore seemed harder to pronounce. 
The diverse mean scores of the sounds support the assumption, that different sounds pose 
different problems to language learners. However, this will be discussed further in the 
conclusion in Chapter 9. Moreover, the presented scores comprise the numbers from both 
groups over all three data collection points. In order to assess this matter, a further 
examination of the significant interaction between sound x group (see Section 8.1.6) revealed 
that the fricatives /ð/ and /θ/ seemed to improve significantly through the intervention with 
significantly higher mean ratings for /ð/ (M = 4.26, SE = .142) and /θ/ (M = 4.15, SE = .266) 
in the intervention than in the control group (/ð/: M = 3.20, SE = .142 and /θ/: M = 2.85, SE = 
.266). The interaction graph (see Figure 8-4) also showed much higher ratings for the 
affricate /dʒ/ in the intervention in comparison to the control group. However, this interaction 
only approached significance (p = .053). The sound x group interaction does not take the 
three data collection points into account. To find out when the changes presented above take 
place the means for each sound at each data collection point have to considered. 

A look at the descriptive means (see Table 8-2, Table 8-3 and Table 8-4) shows that 
the scores for the fricative /ð/ strongly increase from 3.84 (SE = .20) in the pre-test to 4.56 
(SE = .16, M = .72) in the post-test and then slightly decrease to 4.38 (SE = .25, M = -.18) in 
the follow-up-test in the intervention group. The mean ratings in the control group increase 
from 2.88 (SE = .20) to 3.22 (SE = .16, M = .34) to 3.50 (SE = .25, M = .028) over all three 
data collection points.  With regards to /θ/, the mean ratings increase from 3.88 (SE = .33) to 
4.19 (SE = .40, M = .31) to 4.38 (SE = .29, M = .19) in the intervention group. The control 
group data increases from 2.53 (SE = .33) at the pre-test to 2.91 (SE = .40, M = .38) at the 
post-test to 3.13 (SE = .29, M = .22) at the follow-up test.  The mean ratings for /dʒ/ in the 
intervention group show an increase in the mean ratings from 3.97 (SE = .27), to 4.31 (SE = 
.32, M = .34) to 4.34 (SE = .21, M = .03) over all three data collection points. The control 
group data for /dʒ/ strongly increases from 3.19 (SE = .27) in the pre-test to 3.84 (SE = .32, 
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M = .65) in the post-test and then slightly decrease to 3.75 (SE = .21, M = -.09) in the follow-
up-test. For the presented fricatives /ð/ and /θ/ and the affricate /dʒ/, which are not part of 
the German sound inventory the biggest increase takes place between pre-and post-test. 
This holds true for both groups.  

To assess whether a change in the pronunciation performance is due to the intervention 
programme or just take place because of a training effect, half of the test items were explicitly 
trained in the pronunciation programme (see Section 7.3.3). Thus, this paragraph looks at 
the training status. The main effect of training revealed that the trained test items had 
significantly higher mean pronunciation ratings (M = 4.01, SE = .064) in comparison to the 
untrained test items (M = 3.84, SE = .076; see 8.1.3). In order to understand which sounds 
in particular were affected by the training, the interaction between sound x training needs to 
be considered. Figure 8-5 and Section 8.1.8 show that the pronunciation of the diphthong 
/eɪ/, the final plosive /b/ and the fricatives /ð/ and /θ/ seemed to profit significantly from the 
training effect. However, the fricative /z/ displayed significantly lower pronunciation ratings 
in the trained dataset.  

To find out whether the presented results were actually caused by the training effect of 
the intervention, the significant interactions between training x sound x group (see Section 
8.1.6) have to be taken into account. As the control group did not receive a special treatment 
for the trained test items, ideally the ratings of the trained and untrained test items should be 
fairly similar and indeed Figure 8-7 shows that the ratings for the vowels /ɑ:/, /ɔ:/, /ə/ and 
/æ/, the approximant /w/, the diphthong /ɪə/, the plosives /d/ and /g/ and the affricate /dʒ/ 
do not differ a lot between trained and untrained items. Nevertheless, despite the ratings for 
the diphthong /eɪ/ that does not show a significant difference between trained and untrained 
status (see Figure 8-7), the results of the control group are in concordance with the main 
effect showing higher ratings for the plosive /b/ and the fricatives /ð/ and /θ/ and lower 
ratings for the untrained items that entail the fricative /z/. Although the classification of the 
test items into trained and untrained status was done semi-randomly (see Section 7.3) there 
might be confounds in the sorting. Consequently, the test items that contained /b/, ð/, /θ/ and 
/z/ and showed significant training effects in the control group need to be examined. The 
trained items that included the plosive /b/ in final position are `job´ and `web´, and the 
untrained items are `club´ and `verb´. The significant training effect might be due to the lower 
frequency untrained item `verb´. Although the same word exists in the German language, the 
subjects struggled with reading it. Moreover, the stimuli `job´ and `web´ are used as 
loanwords in the German language and are therefore probably frequently used by the 
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students taking part in the intervention. The fricative /ð/ is included in the trained items `that´ 
and `them´ and in the untrained items `the´ and `smooth´. Whereas the voiced fricative in the 
trained items `that ´ and `them´ do not produce many problems, `smooth´ seems to be a lot 
harder to pronounce due to the fact that the articulation of the voiceless fricative and nasal 
cluster followed by the vowel makes it a rather complex utterance. Moreover, it became 
apparent in the testing, that several children did not seem to know the word despite being 
part of their textbook vocabulary, and struggled with reading it. The trained items containing 
the voiceless fricative /θ/ are `thing´ and `thin´ and the untrained items are `month´ and 
`teeth´. `Month´ might have led to production challenges as it includes a nasal fricative cluster 
and therefore its level of difficulty might be higher than that of the other items. The fricative 
/z/ received lower ratings for the trained compared to the untrained items. The trained items 
are `close´ and `jeans´ and the untrained, `goes´ and `zoo´. Similar to `verb´ and `month´ 
(see above), the lower ratings might be due to the item `jeans´ that contains a nasal fricative 
cluster and it is prone to transfer from its German devoiced counterpart (/dʒiːnz/ vs. dʒiːns/). 
Moreover, the stimulus `goes´ belongs to one of the first words the students acquire in the 
foreign language classroom and is thus used very frequently. Despite the different levels of 
difficulties in the test items mentioned above, also random effects of the small data set might 
also play a role in the different ratings between the trained and untrained items in the control 
dataset. 

The presented outcomes of the interaction between training x sound x group entail the 
scores of all three data collection points. Therefore, a closer look at the descriptive data might 
reveal more information on the above mentioned test items that contained /b/, ð/, /θ/ and /z/ 
and showed significant training effects in the control group. The following scores are 
extracted from Table 8-5, Table 8-6 and Table 8-7 and show the descriptive mean values (M) 
and mean differences (M) for the presented sounds by trained (IT) and untrained(NT) status 
at the three data collection points (t0, t1 and t2).  

/b/(IT):    M(t0) = 3.88 (SE = .24) M(t1) = 4.19 (SE = .28, M = .31) M(t2) = 4.31 (SE = .33, M = .12) 
/b/(NT):  M(t0) = 3.06 (SE = .12) M(t1) = 3.88 (SE = .25, M = .82) M(t2) = 3.63 (SE = .17, M = -.25) 

/ð/(IT):    M(t0) = 3.13 (SE = .25) M(t1) = 3.50 (SE = .19, M = .37) M(t2) = 3.88 (SE = .32, M = .38) 
/ð/(NT):  M(t0) = 2.63 (SE = .22) M(t1) = 2.94 (SE = .29, M = .31) M(t2) = 3.13 (SE = .28, M = .19) 

/θ/(IT):    M(t0) = 3.63 (SE = .24) M(t1) = 3.94 (SE = .30, M = .31)  M(t2) = 3.69 (SE = .33, M = -.25) 
/θ/(NT):  M(t0) = 1.44 (SE = .64) M(t1) = 1.88 (SE = .62, M = .44) M(t2) = 2.56 (SE = .45, M = .68) 

/z/(IT):    M(t0) = 2.94 (SE = .10) M(t1) = 2.94 (SE = .10, M = 0) M(t2) = 2.94 (SE = .07, M = 0) 
/z/(NT):  M(t0) = 3.19 (SE = .19) M(t1) = 3.50 (SE = .19, M = .31) M(t2) = 3.38 (SE = .22, M = -.12) 
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The three sounds /b/, /ð/ and /θ/ of the control group show a similar pattern for the 
trained test items (IT) and the untrained test items (NT) with the highest increase in the ratings 
scores between pre-test and post-test and only a slight increase or decrease between post-
test and follow-up-test with the exception of /θ/ in the untrained dataset. For /θ/(NT) the 
scores increase between pre- and post-test and then show the strongest increase between 
post-test and follow-up test. Moreover, not only for the three sounds but also for the whole 
dataset, the trained items already display higher mean ratings (M = 3.85, SE = .070) at the 
pre-test (M = 3.62, SE = .104, see Table 8-1). However, these scores should be fairly similar 
prior to the intervention study as the intervention had not yet started and therefore there 
should not be a difference between the two groups and trained and untrained items. This 
initial difference continues from t0, t1 and t2 with overall higher mean scores for the trained 
dataset in the control group. The reason behind this pattern might be due to the input of the 
ongoing English lessons that also treat these sounds (see Section 2.2) or a confound in the 
assignment of the test items to trained and untrained status, although the classification was 
done semi-randomly (see Section 7.3.3).  

The fricative /z/ behaves differently to all the other test items with overall lower ratings 
for the trained test items in comparison to the untrained test items in the control group. 
Moreover, the ratings for /z/ in the trained dataset are fairly similar despite ongoing English 
lessons at all data collection points whereas the scores in the untrained dataset increase 
between pre- and post-test and then show a slight decrease at the follow-up test.  

To find out whether the intervention programme leads to a training effect, the significant 
interaction between training x sound x group for the intervention group has to be considered. 
Figure 8-6 reveals that the plosive /b/ and the affricate /dʒ/ received significantly higher 
ratings in the trained data set in comparison to the untrained data set. On the contrary, the 
fricative /z/ and the approximant /w/ got significantly lower ratings in the trained data set 
compared to the untrained data set. However, it should be noted that the presented scores 
comprise the data from pre-test, post-test and follow-up-test. Therefore, a closer look at the 
descriptive data might reveal more information on the above mentioned test items that 
contained /b/, /dʒ/, /w/ and /z/ and showed significant training effects in the intervention 
group. The following scores are extracted from Table 8-5, Table 8-6 and Table 8-7 and show 
the descriptive mean values (M) and mean differences (M) for the presented sounds by 
trained (IT) and untrained (NT) status at the three data collection points (t0, t1 and t2).  

/b/(IT):    M(t0) = 3.50 (SE = .24) M(t1) = 3.56 (SE = .28, M = .06) M(t2) = 3.63 (SE = .33, M = .07) 
/b/(NT):  M(t0) = 3.25 (SE = .12)  M(t1) = 2.94 (SE = .25, M = -.31) M(t2) = 3.19 (SE = .17, M = .25) 
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/dʒ/(IT):  M(t0) = 4.38 (SE = .27) M(t1) = 4.69 (SE = .30, M = .31) M(t2) = 4.63 (SE = .28, M = -.06) 
/dʒ/(NT): M(t0) = 3.56 (SE = .36) M(t1) = 3.94 (SE = .50, M = .38) M(t2) = 4.06  (SE = .29, M = .12) 

/w/(IT):   M(t0) = 3.63 (SE = .23) M(t1) = 4.19 (SE = .31, M = .56) M(t2) = 4.00 (SE = .22, M = -.19) 
/w/(NT): M(t0) = 4.31 (SE = .33) M(t1) = 4.69 (SE = .36, M = .38) M(t2) = 5.06  (SE = .37, M = .37) 

/z/(IT):    M(t0) = 3.25 (SE = .10) M(t1) = 3.19 (SE = .10, M = -.06) M(t2) = 3.13 (SE = .07, M = -.06) 
/z/(NT):  M(t0) = 3.56 (SE = .19) M(t1) = 3.81 (SE = .19, M = .25) M(t2) = 3.75 (SE = .22, M = -.06) 

The results for the trained test items that entail the plosive /b/ do not show a lot of 
change between the three data collection points. On the contrary, the untrained dataset 
shows a strong decrease between pre- and post-test and again an increase at the follow-up-
test. The trained and untrained test items that contain the affricate /dʒ/ behave similarly over 
the three data collection points with a strong increase between pre-test and post-test and a 
slight increase or decrease at the follow-up-test. For both sounds the trained test items 
display higher mean ratings than the untrained items. However, this difference is already 
apparent at the pre-test which might indicate a bias in the set-up of the test items.  

Despite overall higher mean ratings for the trained items the approximant /w/ and the 
fricative /z/ display overall lower mean ratings for the test items that were explicitly trained 
in the intervention (see Table 8-10). The results for the trained and untrained test items that 
entail the approximant /w/ display both a strong increase after the intervention. Although 
both groups display this change, the increase in the intervention group is so large that it might 
be a result of the intervention. However, whereas the trained items show a decrease between 
post-test and follow-up test, the untrained test items also show a strong increase between t1 
and t2 and a very high pronunciation rating at the final follow-up-test. Similar to the results of 
the control group (see above), the fricative /z/ does not display a lot of change in the ratings 
for the trained test items at the three data collection points (see Table 8-10). However, the 
untrained test items display an increase between pre- and post-test and a slight decrease 
between post-test and follow-up-test. This pattern with overall lower ratings in the trained 
dataset and the fairly similar scores of the trained items is fairly similar to the one of the 
control group. Consequently, the test items that include the fricative /z/ need to be examined. 
The trained items are `close´ and `jeans´ and the untrained test items are `goes´ and `zoo´. 
The lower ratings might be due to the item `jeans´ that contains a nasal fricative cluster and 
it is prone to transfer from its German devoiced counterpart (/dʒiːnz/ vs. dʒiːns/). In addition, 
the untrained test item `goes´ is used very frequently among EFL students at the fifths grade 
and might therefore be used far more often than any other trained items. 
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Similar to the assumption that the explicit training of test items might result in higher 
pronunciation scores, this thesis also looks at word frequency that illustrates how often the 
vocabulary of a particular language is used (see Section 5.5). The more common a word, the 
more often it appears in the language used and thus higher frequency items should get higher 
pronunciation scores due to higher articulatory routines. The test items that were used to rate 
the students’ pronunciation were thus not only set up according to trained and untrained 
status but also according to higher and lower frequency status (see Section 7.3.2). As both 
groups receive ongoing English lessons, frequency effects should show up in both the control 
and the intervention group.  

The main effect of frequency (see 8.1.4) revealed that the higher frequency items got 
significantly higher ratings (M = 4.06, SE = .076) in comparison to the lower frequency items 
(M = 3.78, SE = .079). The mean ratings at the pre-test already show higher ratings for higher 
frequency items (M = 3.89, SE = .089) compared to lower frequency items (M = 3.58, SE = 
.106). This trend continues with increasing scores at the post-test and follow-up-test (see 
Table 8-1). 

The simple effects analysis (see 8.1.9) of sound x frequency revealed that the test items 
containing the vowels /ɔ:/ and /æ/, the plosive /b/ in final position, the fricative /ð/ and the 
approximant /w/ received significantly higher ratings by higher frequency status. Moreover, 
the interaction graph (Figure 8-8) shows that the higher frequency items - with the exception 
of the fricatives /θ/ and /z/ - generally received slightly higher ratings compared to the lower 
frequency items showing a strong effect of frequency.  

However, the fricative /z/ had even significantly lower ratings among the higher 
frequency dataset (see Figure 8-8). As the simple effects analysis entails data from all three 
data collection points, a look at the descriptive data might reveal some more information. The 
following scores are extracted from Table 8-10 and show the descriptive mean values (M) 
and mean differences (M) for the presented sounds by higher frequency (HF) and lower 
frequency (LF) status at the three data collection points (t0, t1 and t2).  
 

Intervention group:  

/z/(HF):  M(t0) = 3.25 (SE = .14) M(t1) = 3.13 (SE = .10, M = -.12) M(t2) = 3.06 (SE = .09, M = -.07) 
/z/(LF):   M(t0) = 3.56 (SE = .23) M(t1) = 3.88 (SE = .20, M = .32) M(t2) =  3.81 (SE = .22, M = -.07) 
 
Control group:  

/z/(HF):  M(t0) = 2.94 (SE = .14) M(t1) = 2.94 (SE = .10, M = 0) M(t2) = 2.94 (SE = .09, M = 0) 
/z/(LF):   M(t0) = 3.19 (SE = .23) M(t1) = 3.50 (SE = .20, M = .31) M(t2) = 3.38 (SE = .22, M = -.12) 
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The mean frequency data for /z/ show a fairly similar pattern to the mean training data 
with only a slight or no change in the ratings of the higher frequency items and an increase 
between pre- and post-test and a slight decrease between post-test and follow-up-test for 
both groups (see Table 8-10). Again, as discussed above with regards to the training effects, 
the presented scores might be due to a confound in the setup of the test items that contain 
the fricative /z/. Despite the ratings for /z/ and /θ/, the presented results support the 
assumption that higher frequency items are easier to pronounce due to already mastered 
articulatory routines (see Section 5.5). To find out whether training adds to the frequency 
status, the following paragraph looks at the interaction between sound x frequency x training 
(see Section 8.1.9.1). 

Figure 8-9 shows that there are significantly positive training effects among the higher 
frequency items that contain the plosive /b/ in final position and the diphthong /eɪ/. This is 
hardly surprising as the plosive /b/ got already significantly higher ratings in the interaction 
between sound x frequency (see Figure 8-8) and sound x training (see Figure 8-5). Although 
the ratings for the diphthong /eɪ/ were not significantly different between higher and lower 
frequency items, the interaction between sound x training reveals a strong training effect for 
/eɪ/ (see Figure 8-5). 

However, the fricative /ð/ and the affricate /dʒ/ received significantly lower ratings for 
the trained in comparison to the untrained test items among the higher frequency dataset. 
This result is rather astonishing as both of the sounds show higher ratings for the trained test 
items in the interaction between sound x training (see Figure 8-8). It seems that the frequency 
effects overide the training effects. A look at the speech stimuli reveals that the fricative /ð/ 
is included in the trained items `that´ and `them´ and in the untrained items `the´ and 
`smooth´. `That´ and `the´ are the higher frequency items whereas `them´ and `smooth´ 
belong to the lower frequency test items (see Table 7-4). Despite the fact that `the´ is not 
explicitly trained in the intervention, it is probably one of the most frequent words and thus 
used and trained every day in the English classroom. This might have led to the higher ratings 
for the untrained test item ̀ the´ compared to ̀ that´. The affricate /dʒ/ is included in the trained 
items `job´ and `jeans´ and in the untrained items `John´ and `cage´. `Job´ and `John´ are 
the higher frequency items whereas `jeans´ and `cage´ belong to the lower frequency test 
items (see Table 7-4). The interaction shows that significantly higher ratings were given to 
the untrained item `John´ in comparison to trained stimulus `job´. Despite the fact that `job´ 
is explicitly trained in the intervention, it is prone to transfer from its German devoiced 
counterpart (/b/ vs /p/). Moreover, the stimulus `John´ is rather well-known to German 
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students and might even be high frequency in their vocabulary. The presented results indicate 
that the frequency effects surpass the training effects.  

Among the interaction between lower frequency x sound x training there is a significant 
positive training effect for the plosive /b/ in final position, the fricatives /ð/ and /θ/ and the 
affricate /dʒ/. The interaction graph also shows higher ratings for the trained stimuli that 
included the sounds /ɔ:/, /ə/, /æ/, /eɪ/ and /d/ (see Figure 8-10). These results show that the 
trained items that included the presented stimuli received – as expected - higher ratings in 
comparison to the untrained items; e.g. the plosive /b/ is included in the trained items `job´ 
and `web´ and in the untrained items `club´ and `verb´. `Job´ and `club´ are the higher 
frequency items whereas `web´ and `verb´ belong to the lower frequency test items (see 
Table 7-4). The scores indicate that the trained item `web´ received higher ratings than the 
untrained stimulus `verb´.  

Similar to the interaction of sound x frequency (see Figure 8-8) and sound x training 
(see Figure 8-5), the fricative /z/ received higher ratings for the untrained items in the lower 
frequency dataset. The untrained lower frequency test item that includes /z/ is `zoo´ and the 
trained lower frequency item is `jeans´. It seems that `zoo´ was far easier to pronounce for 
the subjects than `jeans´. As already indicated above this might be due to rather complex 
utterance of `jeans´ that includes the nasal fricative cluster and is prone to final devoicing (for 
German learner of English). In addition, the /z/ in `zoo´ appears in word initial place and might 
be frequently used among the age group of the test subjects. The diphthong /ɪə/ also 
received significantly lower ratings for the trained in comparison to the untrained test items 
among the lower frequency dataset. The untrained lower frequency test item that includes 
/ɪə/ is `beer´ and the trained lower frequency item is `dear´. As both items are fairly similar 
and `dear´ is more common than `beer´, it is possible that the training could have had a 
negative effect as it might have led to an extra careful pronunciation of the diphthong (see 
Appendix, Section 10.4.2) for reference of the pronunciation training programme).   

The presented results of the auditory analysis need to be seen in connection with the 
acoustic analysis that looks at the same data (see Section 8.4). The outcomes of both 
analyses will then be discussed in the context of this study in the conclusion (see Chapter 9). 
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8.3 Acoustic Analysis  

As was pointed out in the previous chapters, two kinds of analyses were carried out to 
evaluate the pronunciation intervention study. The previous Sections presented the auditory 
analysis and discussed its results (see Section 8.1 and Section 8.2) and this section now 
follows on to look at the acoustic analysis. The same dataset was used for both analyses and 
as explained earlier it included 56 test items (see Table 7-4), which were each recorded three 
times before and after the intervention as well as five months later (pre-, post-, and follow-up 
test). In addition, the items were matched for frequency and training effects and they 
contained different sound categories (vowels, diphthongs, approximants, plosives, fricatives 
and affricates; see Section 7.3.3). As all of these six sound categories have inherent acoustic 
features (see Chapter 4), different acoustic analyses were run for each of the six categories 
and the findings are presented in the following sections (see Section 8.3.1 to Section 8.3.6). 
The acoustic data were analysed using Praat (Boersma & Weenik, 2012) and SPSS (IBM 
Corp., 2013). Where applicable, effects are reported as significant at p < .05. Finally, the last 
section 8.4 of this chapter will discuss the results of the acoustic analysis.  

8.3.1 Acoustic analysis of the vowels 

The perception of vowels is in particular determined by the variation of the first three formant 
frequencies across the duration of the vowel (Whiteside, Grobler, Windsor, & Varley, 2010). 
Additionally, durational features play an important role as they involve the temporal 
coordination of the tongue and lip articulators (Pickett, 2001) (see section 5.2). Therefore, 
vowel durations and formant frequencies were investigated for the acoustic analysis of the 
vowels (see Section 5.2.1).  

The recorded test items were analysed in Praat. After a manual annotation, the vowel 
durations and formant frequencies for each of the three repetitions of the 56 test items at the 
pre-, post- and follow-up test were automatically measured in Praat, and the acoustic 
measures were transferred into SPSS (see Section 7.5.2). The following Table 8-12 presents 
the means and the standard errors for each of the three repetitions of the vowel durations for 
each data collection point by group (control/ intervention) status.  
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Table 8-12: Mean vowel durations and standard error for the control and intervention group by time 

 Vowel 
Control Intervention 

Mean vowel 
duration (ms) SE Mean vowel 

duration (ms) SE 

T0 
pre-test 

/ɑː/ 281.333 23.716 310.104 18.749 
/ɔː/ 276.333 25.202 271.510 19.924 
/ə/ 166.333 11.597 181.250 9.168 
/æ/ 197.667 20.533 204.427 16.233 

T1 
post-
test 

/ɑː/ 278.500 38.134 339.375 30.148 
/ɔː/ 270.167 27.858 326.354 22.023 
/ə/ 155.500 14.194 192.500 11.222 
/æ/ 203.583 25.103 232.604 19.846 

T2 
follow-
up test 

/ɑː/ 313.417 25.928 324.063 20.498 
/ɔː/ 289.333 23.569 288.021 18.633 
/ə/ 164.500 11.742 175.833 9.283 
/æ/ 217.750 18.949 215.260 14.980 

The mean values show that for both groups the longer vowels /ɑː/ and /ɔː/ retain longer 
duration in contrast to the shorter vowels /ə/ and /æ/. This indicates a robust effect of long 
versus short vowels. The duration of all vowels in the intervention group increased between 
the pre-, and post-test and decreased between the post- and the follow-up-test. However, 
this effect is not seen in the control group. In contrast, the vowel duration only shows slight 
differences between the pre- and post-test in the control group and there is an increase in 
duration between the post- and the follow-up-test. For all of the four vowels the intervention 
group displays longer durations after the post-test. 

A mixed-model ANOVA was run on the vowel durations to determine whether there 
were any main effects and interactions for time, frequency, training and the four vowels (/ɑː/, 
/ɔː/, /ə/, /æ/) between the intervention and the control group (see Table 8-13).  

Table 8-13: Significant within subjects effects for the vowel data 

Effects df51 Error Mean 
Square F Sig. Partial 

Eta2  
training (trained/ not trained) 1.000 984.312 6877.150 6.987 .023 .388 
frequency (higher/ lower frequency) 1.000 11.000 33922.797 15.121 .003 .579 
vowel 2.653 29.183 669968.450 88.838 .000 .890 
time x frequency x group 1.903 20.937 3220.928 4.019 .035 .268 
training x frequency 1.000 11.000 41984.167 23.422 .001 .680 
training x vowel 2.649 29.144 87201.518 45.845 .000 .806 
frequency x vowel 2.185 24.030 6819.243 3.833 .033 .258 
training x frequency x vowel 2.215 24.369 52482.808 16.248 .000 .596 

The ANOVA revealed (see Table 8-13) that there were statistically significant main 
effects for training, frequency and the vowels. Moreover, there were interaction effects for 
time x frequency x group, training x frequency, training x vowel, frequency x vowel and 
training x frequency x vowel. The group effect did not show significant results. 

                                                
51 The degrees of freedom and the error are fractioned due to the fact that they are calculated with the 

Greenhouse-Geisser correction. 
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However, the output of the ANOVA has to be interpreted with caution due to the setup 
of the test items. As already indicated in the discussion of the auditory analysis (see Section 
8.2), and shown in the set-up of the test items (see section 7.3.3), there are biases underlying 
the matching of the test items as the vowels appear in different phonetic contexts. In addition, 
the test items also include monosyllable as well as disyllabic words (`from´ vs. `mother´) and 
there are also nasalised and non-nasalised vowels (`thank´ vs `bag)´. These phonetic 
differences in coarticulation, stress and nasalisation strongly affect vowel duration (Pickett, 
2001). Though, in order to get rid of the depicted differences and to achieve the highest 
possible comparability, nonsense words would have been needed. Yet, to achieve a high 
economic validity of the study, real-life data was used and therefore it was impossible to 
match the phonetic sequences equally on complexity.  

Moreover, the perception of vowel quality is largely determined by the first two formant 
frequencies of the vowels (Harrington, 2013). It is for these reasons, that the outcomes of the 
ANOVA are not evaluated any further, but that the vowels are analysed according to their 
frequency features. As the formant frequencies are also influenced by coarticulation through 
the identity of the preceding and following segments, the vowel target is typically measured 
near the temporal midpoint of the vowel (Harrington, 2013). This approach is adopted in this 
thesis (see section 5.2) and Table 8-14 shows the mean and standard deviation values of 
the F1 and F2 frequencies at the temporal midpoint of the targeted vowels.  

Table 8-14: Mean and standard deviation values of F2 and F1mid vowel formant frequencies (in Hz) by 
group 

vowel time 

intervention control 

F1mid F2mid F1mid F2mid 

N Mean SD N Mean SD N Mean SD N Mean SD 

/ɑː/ 
pre-test 32 905 123 32 1434 193 3152 840 105 31 1353 219 
post-test 32 885 115 32 1358 157 32 836 163 32 1375 192 

follow-up test 32 907 87 32 1375 139 32 780 117 32 1328 171 

/ɔː/ 
pre-test 32 777 141 32 1266 253 31 736 98 31 1274 320 
post-test 32 748 99 32 1183 197 30 713 125 30 1228 264 

follow-up test 32 733 97 31 1189 188 31 675 114 31 1201 236 

/ə / 
pre-test 32 730 134 32 1447 216 32 736 100 32 1459 230 
post-test 32 725 116 32 1425 206 32 684 109 32 1484 229 

follow-up test 32 702 107 32 1404 203 32 657 90 32 1412 209 

/æ/ 
pre-test 32 846 84 32 1848 304 32 781 104 32 1749 365 
post-test 32 830 66 32 1940 293 32 754 102 32 1931 337 

follow-up test 32 842 102 32 1979 235 32 733 117 32 1883 352 

                                                
52 The total number of correct vowel productions is n = 32. In case a subject did not produce a vowel at all, this 

production was excluded from the study and the mean of the remaining productions was used.  
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As discussed in Section 5.2.1, vowel spaces represent a two-dimensional acoustic 
phonetic map where “F1, which is an index of degree of openness, is plotted against the 
difference between F2 and F1, which serves as a general index of anterior/ posterior 
constriction” (Whiteside et al., 2010). Figure 8-11 presents the vowel spaces using the vowel 
midpoint values of the first two formant frequencies for each of the four treated vowels /ɑː/, 
/ɔː/, /ə/ and /æ/ by time and group status. All data < 2 SD is displayed in the ellipses. The 
formant patterns can be used to show the spatial articulatory precision with which the 
language learners in the control and intervention group produce the targeted English vowels.  
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intervention group* control group* 
t0 (pre-test) 

 
t1 (post-test) 

 
t2 (follow-up-test) 

 
Figure 8-11: Vowel spaces by time (t0, t1, t2) for the intervention and control group  

Vowel: , *ellipses include all data < 2SD 
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The vowel spaces (see Figure 8-11) show apparent differences by group and between 
the three data collection points. 

The vowel spread clearly displays a more variable and disrupted production of 
the vowels for the intervention group in the pre-test, in comparison to the smaller 
ellipses of the post-test and the follow-up-tests. This is also supported by the 
decreasing standard deviation values presented in Table 8-14 for /ɑː/, /ɔː/ and /ə/ 
between the three test periods showing increasing stability between the three test 
points. However, the standard deviation for the first formant in the vowel /æ/ increases 
between the post- and follow-up-test. This shift is also mirrored in the upwards 
movement of the /æ/- ellipsis showing a more closed pronunciation of the vowel. 

The inspection of the vowel ellipses for the control group indicates an anterior 
and posterior constriction between the pre- and the post-test for the vowels /ɑː/, /ɔː/ and 
/ə/. This is supported by the decreasing standard deviations for F2 (see Table 8-14) for 
these vowels. In contrast, the standard deviations for F1 increase between the pre- and 
the post-test. This is also mirrored in the more upwards constriction of the vowel ellipses 
of the post-test and thus a closer production of the vowels /ɑː/, /ɔː/ and /ə/. Between the 
post- and the follow-up-test, the standard deviation values for F1 and F2-F1 decrease, 
showing smaller ellipses and thus more stability in the production of /ɑː/, /ɔː/ and /ə/ at 
the follow-up-test. Although, the front open vowel /æ/ clearly shows less variation at the 
post-test in comparison to the pre-test which is supported by a smaller standard 
deviation for F2 (see Table 8-14), the scatter indicates a more fronted production of the 
vowel at the post-test. At the follow-up-test, the vowel ellipses for /æ/ shows an 
increased spread of the data points in the open-closed and anterior/ posterior direction 
which is also supported by increased standard deviation values for F1 and F2. This 
increasing spread and standard deviations indicate that the subjects are unsure of how 
to pronounce /æ/.  

Comparing the ellipses of both groups, the vowel productions of the control 
group show more variability at the beginning of the intervention. This might indicate a 
bias in the matching of both groups. Although the scatter becomes less dispersed for 
both groups after the pre-test, the control group still shows more variation in the 
production of the target vowels. With the exception of the front-open vowel /æ/, the 
trend of the vowel spaces getting smaller, indicated by the shrinking ellipses, continues 
between the post- and the follow-up test for both groups indicating more stability in the 
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pronunciation of the vowels. Whereas the dispersion of the vowel production of /æ/ 
increases in the follow-up test for the control group, the intervention group shows a 
more closed production of /æ/ portrayed by the upward shift of the ellipsis.  

In order to get more insights into the shift in vowel quality addressed above, the 
averaged vowel spaces and Euclidean distances need to be inspected. Figure 8-12 
presents the averaged vowel spaces for both groups by time using the mean midpoint 
values for the vowels /ɑː/, /ɔː/, /ə/, and /æ/ and it also displays the Euclidean centroid 
of the cluster (see Section 7.5.2.2.1). Table 8-15 presents the Euclidean distances 
calculated between the centroid and the vowel midpoint values for F1 and F2-F1 for 
each of the four vowels by time. These distances can be used to assess the sizes and 
shapes of the vowel spaces. It is apparent from Figure 8-12 that there are clear 
differences in the averaged vowel spaces between the control and intervention group 
and between the pre-, post- and follow-up-test.  

The vowel /ɑː/ is typically pronounced with an open back quality (see Figure 
3-3). After the intervention, the vowel produced by the intervention group shifts slightly 
backwards and becomes less open. Although it keeps its back quality at the follow-up- 
test, it is again pronounced with a more open quality, which is rather on target with 
references to the English vowel inventory. Similar to the intervention group in the pre-
test, the control group pronounces the vowel /ɑː/ with a comparable backwards 
constriction but with a less open quality. Throughout the three test periods there is only 
a slight shift towards a more anterior pronunciation of the /ɑː/ but it becomes more 
constricted and loses its open quality being pronounced rather neutrally.  
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Table 8-15: Mean values of the Euclidean distances (Hz) between the target vowel and the cen-
troid (see Figure 8-12) in the F1 and F2-F1 vowel space 

Vowel Test time Intervention Control 

/ɑː/ 
pre-test 178 185 
post-test 224 273 

follow-up-test 256 209 

/ɔː/ 
pre-test 197 152 
post-test 250 245 

follow-up-test 230 222 

/ə/ 
pre-test 89 53 
post-test 75 76 

follow-up-test 95 55 

/æ/ 
pre-test 321 282 
post-test 432 419 

follow-up-test 440 440 

Table 8-16: Euclidean distances (Hz) between /ɑː/ - /ɔː/  and  /æ/ - /ɑ/ in the F1 and F2-F1 vowel 
space by group and time  

 Intervention Control 
Euclidean 
Distance /ɑː/ - /ɔː/ /æ/ - /ɑː/ /ɑː/ - /ɔː/ /æ/ - /ɑː/ 

pre-test 134 477 107 458 
post-test 142 639 125 644 

follow-up-test 174 672 107 604 

 

 
Figure 8-12: Averaged vowel spaces by time for intervention and control group 

The posterior constriction increases for the back vowel /ɔː/ in the intervention 
group between the pre- and post-test and then slightly relaxes from post- to follow-up- 
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test. Additionally, it becomes slightly more closed with time. Similar patterns of 
constriction also take place for the control group, despite the fact that the /ɔː/ was 
already pronounced with a more closed quality at the pre-test leading to a more closed 
pronunciation of the /ɔː/ at the follow-up test in comparison to the intervention group. It 
seems that both groups initially pronounce the German /ɔ/ which has a more open 
quality than the English /ɔ:/ (see Figure 3.3.), and then approximate the English target 
sound.  

The neutral vowel /ə/ does not show much variation in the intervention group with 
regards to its anterior/ posterior constriction as it only becomes slightly more closed 
between the post- and the follow-up-test. Although having a slightly more open quality 
at the pre-test, the production of /ə/ of the control group shows a stronger change and 
becomes more open and a bit more fronted with time. 

The open and the front quality of the open - front vowel /æ/ increased with time 
in the intervention group. At the pre-test the /æ/ of the control group displays a rather 
neutral quality. Between the pre- and the post-test there is a big shift towards a more 
fronted pronunciation of the vowel /æ/ and then a slightly more neutralised quality for 
the follow-up-test. With regard to the open-closed dimension, the /æ/ becomes more 
closed with the test points.  

Summarising the changes four the four targeted vowels, it becomes apparent 
from the inspection of the averaged vowel spaces, that the vowel spaces of the 
intervention and control groups become bigger between the pre- and the post-test. This 
is also supported by the increase in Euclidean distances (see Table 8-15).  Aside from 
the vowel /æ/ the vowel spaces for /ɑː/, /ə/ and /æ/ further increase in the intervention 
group at the follow-up test. In contrast, for the control group the Euclidean distances 
and also the vowel spaces decrease for all vowels but for /æ/ after the post-test.  

A closer look at the front-open vowel /æ/ and the back-open vowel /ɔː/ in the vowel 
spaces of the intervention group reveals that the front vowel shifts even more to the 
front, and the back vowel shift also even backwards with time. This is supported by the 
increasing Euclidean distances (see Table 8-16) between /æ/ and /ɔː/ (477 Hz, 639Hz, 
672 Hz). Moreover, the increase in the distance between open-back vowel /ɑː/ and back 
vowel /ɔ:/ (134Hz, 142Hz, 174 Hz) shows the spread of the vowel space for the 
intervention group.  
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An inspection of the vowel spaces of the control group indicates that vowels shift 
apart in the anterior and posterior direction, especially after the post-test. However, with 
regard to the open closed dimension, all vowels seem to be pronounced with a more 
closed quality after the follow-up-test. This is also supported by the upwards shifting 
centroid and a smaller Euclidean distance between the open-back vowel /ɑː/ and 
neutral –back vowel /ɔ:/ between the post- and follow-up test (644 Hz, 604 Hz).  

8.3.2 Acoustic analysis of the diphthongs /ɪə/ and /eɪ/ 

Diphthongs are characterised by the time-varying shift of frequencies from one vowel 
to another (Jacewicz, 2009). To assess the position and dynamic movements of the 
diphthongs in the F1 and F2-F1 plane, the acoustic measurements included diphthong 
duration and formant values of F1 and F2-F1 taken at the 20%, 40%, 60%, and 80% 
temporal points of the vowel. The first and last 20% portions of the vowels were 
eliminated to reduce the immediate coarticulation effects of surrounding consonants. In 
addition, these measurements were used to calculate vector length (VL), trajectory 
lengths (TL) and the spectral rate of change for the TL (TL_roc) (see Section 7.5.2.2).  

The first section of this chapter examines diphthong duration, then it goes on to 
have a closer look at the formant movements, and VL, TL and TL_roc.  

8.3.2.1 Diphthong duration 

Table 8-17 presents the mean and standard error values for the diphthong durations of 
/ɪə/ and /eɪ/ for the control and intervention groups by time. The results (see Table 8-17) 
show a systematic difference in duration for the two different diphthongs and between 
the intervention and control group.  
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Table 8-17: Mean diphthong durations and standard error (both in ms) for the control and inter-
vention group by time 

 Diphthong 
Intervention Control 

Mean diphthong  
duration (ms) SE Mean diphthong  

duration (ms) SE 

T0 
pre-test 

/ɪə/ 395 23 332 20 
/eɪ/ 301 11 252 10 

T1 
post-test 

/ɪə/ 376 20 320 17 
/eɪ/ 320 21 252 17 

T2 
follow-up-test 

/ɪə/ 374 29 351 24 
/eɪ/ 308 21 256 17 

The diphthong duration of /ɪə/ produced by the intervention group decreases from 
pre- to post-test (395 ms to 376 ms), and there is a slight decrease in the follow-up test 
(374 ms). Similar to the intervention group, the duration decreases in the control group 
between the pre- and post-test (332 ms to 320 ms). However, the follow-up-test reveals 
an increased diphthong duration (351 ms) for /ɪə/. Comparing both groups, the control 
group overall shows shorter diphthong durations.  

The mean diphthong durations for /eɪ/ show a similar picture, with the mean 
durations being higher for the intervention (309.67ms) than the control group (253.34 
ms). The diphthong durations of the production of /eɪ/ of the intervention group increase 
between pre- and post-test (301ms to 320 ms) and then decrease again in the follow-
up test 308ms. This rise in duration might indicate that the learners changed their way 
of pronouncing the diphthong between the pre-and post-test and then produced a more 
stable version of /ɪə/ in the follow up test. However the durations of the diphthong /eɪ/ 
of the control group show a different picture. There is no difference in the durations 
produced in the pre- and post-test (252 ms and 252 ms) and also only a slight increase 
in the duration of the follow-up-test (256 ms). These results indicate that the control 
group does not considerably change in the pronunciation of /eɪ/.  

The standard errors for both groups behave similarly. There is an increase 
between the pre- and post-test in the intervention (SE 11, SE 21) and control group (SE 
10, SE 17) and then the values do not alter between the post- and follow-up test in both 
groups. This rise of the SE might also indicate an alteration in how the learner produces 
the diphthong between the pre- and post-test. However, the rather high SE of the follow-
up test points to ongoing pronunciation difficulties. 

Comparing the duration results of both diphthongs, it seems that there are 
systematic differences between /ɪə/ and /eɪ/ which are analysed in more detail with the 
help of an ANOVA. In addition, Section 8.3.2.2 has a closer look at the diphthong 
quality.  
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A mixed model analysis of variance with the within subject factors time, 
frequency, training and diphthong, and the between subject factor group (intervention 
vs. control) was carried out to determine the differences in diphthong duration. The 
ANOVA revealed (see Table 8-18) that the between subjects effect group and all three 
within subject effects diphthong, training and frequency were significant with strong 
effects sizes (see Table 8-18). However, there was no significant main effect of time.  

Table 8-18: Significant between and within subjects effects for the diphthong data 

Effects53 df Error Mean 
Square F Sig. Partial Eta 

Squared 
group (intervention/ control) 1 10 186904.169 5.741 .038 .989 
training (trained/ not trained) 1 10 158267.533 59.158 .000 .855 
frequency (higher/ lower frequency) 1 10 121469.914 249.852 .000 .962 
diphthong (/ɪə/, /eɪ/) 1 10 406751.422 76.722 .000 .855 
training x frequency 1 10 107850.278 149.158 .000 .937 
training x frequency x group 1 10 6277.979 8.682 .015 .465 
training x diphthong 1 10 69396.264 113.181 .000 .919 
training x diphthong x group 1 10 2820.106 4.599 .05854 .315 
frequency x diphthong 1 10 75525.801 36.007 .000 .783 
training x frequency x diphthong 1 10 222438.525 126.529 .000 .927 

The impact of the intervention is shown in the significant main effect of group (F (1,10) 
= 5.741, p < 0.05, partial η2 = .989). Post-hoc tests with a Bonferroni adjustment 
revealed that the intervention group (M = 345.750 ms, SE = 16.471) produced 
significantly longer durations than the control group (M = 294.077 ms, SE = 13.921), 
(M = 51.673 ms, SE = 21.566, p < 0.05).  

The significant main effect of diphthong (F (1,10) = 76.722, p < 0.001, partial η2 
= .855) showed the fundamental differences in the durations of the two diphthongs with 
significantly longer durations for /ɪə/ (M = 358.028 ms, SE = 13.991) than for /eɪ/ (M = 
281.800 ms, SE = 8.641), (M = 76.228 ms, SE = 8.703, p < 0.001).  

The strong impact of the factors training and frequency (see chapter 5.5) is shown 
in the significant main effects of training (F (1,10) = 59.158, p < 0.001, partial η2 = .855) 
with longer duration for the trained (M = 343.688 ms, SE = 12.307) compared to the 
untrained items (M = 296.139 ms, SE = 10.010), (M = 47.550, SE = 6.182, p < .001), 
and frequency (F (1,10) = 249.852, p < 0.001, partial η2 = .962) with shorter durations 
for the higher frequency items (M = 299.085 ms, SE = 10.863) in comparison to the 
lower frequency items (M = 340.742 ms, SE = 10.846), (M =  -41.657 ms, SE 2.635, p 
< 0.001).  

                                                
53  Effects are adjusted with the Greenhouse-Geisser correction. 
54 approaches significance 
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Similar to the ANOVA carried out for the vowels (see 8.3.1), the presented results 
have to be interpreted with great caution due to the inherent bias in the nature of the 
test items and  the different coarticulatory contexts of the diphthongs (see table 7.3.3). 
It is for this reason, that the significant interactions (see Table 8-18) are not discussed 
in further detail. 

8.3.2.2 Formant movement 

With regard to the formant analysis, Figure 8-13 and Figure 8-14 display the relative 
positions and formant movement of the scatter and means at four equidistant points in 
the central 60% of the diphthong /ɪə/ in the F1 x F2-F1 plane by time and group. 
Similarly, Figure 8-15 and Figure 8-16 show the relative positions and formant 
movement of the scatter and means of the diphthong /eɪ/ in the F1 x F2-F1 plane by 
time and group. The colours and arrows indicate the direction of the formant 
movements. 

The visual inspection of the scatter plots of /ɪə/ (Figure 8-13) shows that the 
intervention and control group both show substantial variability in the production of the 
diphthong at the pre-test compared to the post-test. However, the cluster of the control 
group shows more variation in comparison to the intervention group with regard to the 
60% and 80% portion of the vowel. The scatter for the intervention group becomes 
substantially less dispersed at the post- test and also decreases again at the follow-up-
test showing an increasing stability in the productions of the diphthong /ɪə/. Although 
the cluster of the control group becomes slightly denser at the post- and follow-up test, 
the production of /ɪə/ shows more variation in comparison to the intervention group. 
This variation is especially evident in the production of the 60% and 80% point of the 
diphthong and might be due to fact that some learners might confuse the English /ɪə/ 
with the more open diphthong /ɪɐ/. The decreasing spread of the control and 
intervention group indicates a more stable production of the diphthongs.  

Figure 8-14 shows substantial differences in the mean relative formant positions 
of /ɪə/ between the intervention and control group at the pre-test. Compared to the 
intervention group, the formant positions of the control group are less fronted at the 
opening phase of the diphthong and the trajectory ends in a more open position.  

Additionally, the F1 values of the control group decrease between the pre- and 
post-test. This results in a less open production of /ɪə/ at this stage. Additionally, /ɪə/ is 
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produced slightly more fronted at the post-test. At the follow-up test the trajectory length 
decreases and while the F1 values of the 20% and 40% portions of the vowel increase, 
the F1 values of 60% and 80% decrease. This results in a smaller glide between /ɪ/ and 
/ə/. As a result a rather neutral and monophtongal version of /ɪə/ is produced. The mean 
formant positions and trajectory length of the production of /ɪə/ of the intervention group 
remain rather stable throughout the three data collection points. 



An Empirical Investigation of Pronunciation Problems of Young FL Learners of English 

 161 

 
Figure 8-13: Formant movement (in Hz) of the 20-80% of /ɪə/ by group and time 

 
Figure 8-14: Mean formant movement (in Hz) of the central 20-80% of /ɪə/ by group and time 
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Figure 8-15 displays the relative positions and formant movement at four 
equidistant points (20%, 40%, 60%, 80%) of the central 60% of the diphthong /eɪ/ in the 
F1 x F2-F1 plane by time and group. Similar to the plots of /ɪə/ in Figure 8-13, the visual 
inspection of the scatter plots of /eɪ/ in Figure 8-15 shows that the intervention and 
control group both show substantial spread in the production of the diphthong at the 
pre-test phase of the study. Again, the control group shows more variation in 
comparison to the intervention group. This dispersion is especially evident in the more 
backed production of the 20% and 40% portions. Although the cluster of the control 
group shows overall less scatter at the post-test phase, the variation increases again 
for the follow-up-test. In contrast, the scatter for the intervention group becomes less 
dispersed at the post-test and the follow-up-test showing more stability in the 
production of the diphthong /eɪ/.  

 The visual inspection of the mean formant movement in Figure 8-16 shows that 
the diphthong /eɪ/ produced by the intervention group becomes slightly more open and 
fronted at the post-test phase compared to the pre-test phase. In addition, the glide 
between the two vowels changes and there is more formant movement. However, this 
trend declines at the follow-up test showing a slightly more open but otherwise very 
similar production of the diphthong compared to the pre-test. In comparison to the 
intervention group, the control group produces a less fronted and more open version of 
the diphthong /eɪ/ compared to the control group at the pre-test. The diphthong 
characteristics of the control group at the post-test also becomes more fronted and less 
open and the vowel space increases showing a production pattern similar to the pre-
test of the intervention group. Yet, the vowel space of the control group shows 
increased spread at the follow-up-test, a smaller trajectory length and the 60% and 80% 
portions of the diphthong display decreased F2-F1 values leading to a more neutral 
production of /eɪ/ in comparison to the post-test and the follow-up test of the intervention 
group.  
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Figure 8-15: Formant movement (in Hz) of in the central 20%-80% of /eɪ/ by group and time 

 
Figure 8-16: Mean formant movement (in Hz) of the mean 20%-80% of /eɪ/ by group and time 
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 In Figure 8-13 to Figure 8-16 the formants are plotted at four equidistant points 
during the diphthong. Therefore, the frequency measurements are time normalised and 
do not take the duration into account. This issue will be addressed in Section 8.3.2.4 

8.3.2.3 Vector length (VL) and trajectory length (TL) 

The vector length (VL) in the F1 x F2 plane indicates the amount of formant change 
over the diphthong’s duration. However, VL only calculates the Euclidean distance 
between the 20% and 80% portion of the diphthong and it fails to account for the non-
linear nature of the formant tracks. In contrast, the trajectory length (TL) divides the 
diphthong in several sections and adds up the Euclidean distances for each portion of 
the diphthong (Fox & Jacewicz, 2009) and thus provides a more detailed account of 
the formant change across the diphthong (see Sections 7.5.2.2.2 and 7.5.2.2.3). On 
this basis, and also because the results of the VL and TL analyses showed comparable 
trends (see Figure 8-17), the following analysis concentrates on the results of the 
trajectory lengths (see Figure 8-18).  

 
Figure 8-17: Mean VL and TL values and SEM55 for the diphthongs /ɪə/ and /eɪ/ per group 

                                                
55 The error bars in the bar chart represent the standard error of the mean (SEM) 
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Figure 8-18: Mean TL values and SEM for the diphthongs /ɪə/ and /eɪ/ per group 

As might be expected, Figure 8-18 reveals that there are systematic differences 
between the trajectory lengths of the two diphthongs /ɪə/ and /eɪ/. With regard to /ɪə/ 
produced by the intervention group the trajectories decrease between the pre- and the 
post-test and there is again a slight increase at the follow-up test. This decrease 
indicates less formant change. The control group only shows a small increase in TL 
over the three data collection points, which does not show much change in the 
production of the diphthong. In general, the intervention group already shows longer 
trajectory lengths at the pre-test indicating a bias between the two groups.  

The trajectory lengths for /eɪ/ show a different picture. Although the intervention 
group also displays a small decrease in TL between the pre- and the post-test, the 
trajectory length surpasses the pre-test in the follow-up test. In the case of the control 
group, TL shows a steady decrease from pre-test to post-test and follow-up test. 
Overall, the intervention group displays smaller TL values in the pre-test in comparison 
to the control group.  

Comparing the TL’s for both diphthongs it becomes clear that on the whole TL’s 
are greater for /ɪɘ/.  
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The confidence intervals in Figure 8-17 indicate significant effects for /ɪə/. 
Therefore, a separate repeated-measures ANOVA was carried out for trajectory length 
of the diphthong. Group, frequency and training were included as between subject 
factors.  

Table 8-19: Significant between subjects effects for TL   

Effects df Error Mean 
Square F Sig. Partial Eta 

Squared 
group (intervention/ control) 1 56 1669694.69 37.464 .000 .401 
training (trained/untrained) 1 56 278368.340 6.241 .015 .100 
group x training 1 56 437199.188 3.270 .07656 .055 

 The results (see Table 8-19) show significant main effect of group (F (1,56) = 
37.464, p < 0.01, partial η2 = .401). Post-hoc tests with a Bonferroni adjustment 
revealed that the TL produced by the intervention group (M = 1290.427 Hz, SE = 
37.319) were significantly longer than those of the control group (M = 967.385 Hz, SE 
= 37.319), (M = 323.042 Hz, SE = 52.778, p < 0.00).  

The impact of the training is shown in the significant main effect of training F(1,56) 
= 6.241, p < 0.05, partial η2 = .100. Post-hoc tests with a Bonferroni adjustment revealed 
significantly longer length for the trained items (M = 1194.833 Hz, SE = 37.319) in 
comparison to the untrained items (M = 1062.979 Hz, SE = 37.319), (M = 131.854 Hz, 
SE = 52.778, p < 0.05).   

8.3.2.4 Spectral roc 

The spectral rate of change (roc) gives evidence of how quickly the formant frequency 
changes occur in time (Fox & Jacewicz, 2009) as it divides the trajectory length of each 
of the three portions of the diphthong (section 1: 20-40%, section 2, 40-60%, section 3: 
60-80%) by its duration. Figure 8-19 shows the mean spectral roc for each section by 
time, group and diphthong.  

                                                
56 approaches significance 
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Figure 8-19: Spectral rate of change for each section by time, group and diphthong 

The visual inspection of Figure 8-19 indicates considerable differences in the spectral 
change between the two diphthongs.  

With regards to /ɪə/, the greatest spectral change is displayed for both groups at 
the 40% to 60% portion at each of the three data collection points indicating a typical 
diphthong pattern with fast articulatory movements between the two vowels at this 
stage of the diphthong. In comparison to the post- and follow-up test, the control group 
produces the 20% to 40% portion of the diphthong at the pre-test with a rather high 
articulation rate. Looking at both groups, the intervention group displays an overall 
higher mean spectral roc at the 40% to 60% portion of the diphthong indicating faster 
articulatory movements to reach the vowel target (Fox & Jacewicz, 2009). 

Although the spectral rate of change of /eɪ/ produced by the control group shows 
a typical diphthong pattern, the intervention group clearly displays a different picture. 
The spectral rate of change of the intervention group does not change a lot between 
the first sections of the diphthong at the pre-test but decreases at the 60% to 80% 
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portion of /eɪ/. The post-test phase reveals decreasing spectral rates of change. In 
contrast, the follow-up-test again displays a rather typical graph for a diphthong with a 
higher articulation rate at the middle portion of the diphthong. 

The spectral roc analysis of /eɪ/ (see Figure 8-18) reveals a pattern that was not 
depicted in the outcomes of the trajectory length (TL) (see Figure 8-19). On this account 
a separate repeated measures analysis was carried out with the within-subject factor 
spectral roc and the between subject factors group, training and frequency.  

Figure 8-19 indicates some effects for /eɪ/ between the intervention and control 
group. Therefore, a separate repeated-measures ANOVA was carried out for the 
spectral roc of /eɪ/. Group, frequency and training were included as between subject 
factors. However, as Mauchly’s test was significant, the results are not presented in 
this thesis.   

8.3.3 Acoustic analysis of the approximant /w/ 

Similar to diphthongs, approximants are characterised by the time-varying shift of 
frequencies from a constriction to the following vowel. To assess the position and 
dynamic movements of the approximants in the F1 and F2-F1 plane, the acoustic 
measurements included the approximant-vowel duration which are presented in the 
first section of this chapter and the formant values of F1 and F2-F1 taken at the 20%, 
40%, 60%, and 80% temporal points of the approximant and vowel to have a closer 
look at formant movements. The test items used to elicit the pronunciation data for the 
approximant /w/ were `one´, `swing´, `wait´ and `witch´. The approximant /w/ appears 
in word initial position as well as in a cluster, Figure 8-20 displays the mean 
approximant vowel durations for each test item by group and time. 
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Figure 8-20: Mean approximant-vowel durations (in ms) and SEM by item, time and group 

The data (see Figure 8-20) indicate systematic differences in the mean approximant-
vowel durations between the four test items with `wait´ displaying the longest durations, 
followed by `one´, `swing´ and `witch´ (see Appendix Table 10-6 for mean approximant 
vowel duration and standard error).  

 The longer approximant vowel durations of `wait´ in contrast to the other test 
items is due to the fact that the /w/ is not followed by a vowel but by a diphthong. In the 
intervention group there is an increase in duration between the pre- (317.1ms) and 
post-test (345.4ms) and then the duration decreases again at the follow-up-test 
(318.8ms). The control group shows a reversed behaviour with the approximant vowel 
duration decreasing from the pre- (300.8ms) to the post-test (268.7ms) and then 
displaying a slight increase at the follow-up test (295.0ms). Overall, the control group 
displays shorter approximant vowel durations. The same duration pattern can be 
detected for the production of `one´. So similar to `wait´ the approximant vowel duration 
of `one´ produced by the intervention group increases between the pre- (235.8ms) and 
post-test (258.8 ms) and then there is again a slight decrease in the follow-up test 
(251.5 ms). With regards to the control group the approximant-vowel duration also 
decreases from pre- (242.7ms) to post-test (222.1ms) and then slightly increases again 
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in the follow-up test (231.3ms). Once more, the control group overall displays shorter 
durations in the post- and follow-up test. Yet, `wait´ and `one´ both groups display an 
increase in the standard error at the post-test demonstrating a non-stable production 
the test items.   

 The approximant-vowel duration of `swing´ produced by the intervention group 
increases over the three time points (187.1 ms, 207.1 ms, 217.9 ms) and so does the 
standard error (11.3, 15.7, 17.2). In the control group, the pre-test (198.8 ms) displays 
longer durations compared to the post-test (191.0 ms) and the durations of the follow-
up test (198.5 ms) draw near the pre-test. However, the standard error of the control 
group decreases over the three data collection points (17.7, 15,5, 11.0). The trajectory 
analysis (see Figure 8-21) might reveal facts for a further investigation.  

Similar to `swing´, the approximant in `witch´ is also followed by the vowel /ɪ/. The 
on the whole shorter approximant-vowel durations of `witch´ might be due to the fact 
that the vowel in `swing´ is followed by a voiced nasal in contrast to the voiceless post-
vocalic affricate /tʃ/ in `witch´. With regards to the intervention group, there is an 
increase in the duration between the pre- (160.0 ms) and post-test (165.6 ms) and then 
a slight decrease in the follow-up test (162.9 ms). The standard error behaves 
conversely showing a more stable but yet longer production of `witch´ at the post-test. 
However, the data has to be treated with great caution as there is only a small amount 
of data and there are no remarkable differences. The control group displays similar 
durations at the pre- (137.1 ms) and post-test (137.5 ms) and there is an increase in 
duration at the follow-up-test (153.5 ms). The standard error increases over the three 
data collection points. Overall the control group displays shorter durations than the 
intervention group.  

Due to the different coarticulatory contexts of the approximant in `one´, `swing´, 
`wait´ and ̀ witch´, each test items needs to be examined separately. On this basis there 
is too little data to run an ANOVA. Therefore, similar to the diphthong analyses in 
Section 8.3.2.2, the trajectories of the mean formant movements of the central 60% of 
the approximant vowel section are used to analyse the data (see Figure 8-21).  
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Figure 8-21: Mean formant movement (in Hz) of the central 60% of the approximant vowel portion 
for one, swing, wait and witch by group and time.  
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Figure 8-21 displays the relative positions and formant movement at four equidistant 
points of the central 60% of the approximant vowel portion of `one´, `swing´, `wait and 
`witch´ in the F1 x F2-F1 plane by time and group.  

The visual inspection of the approximant vowel trajectory of `one´ produced by 
the intervention group shows a similar display of the trajectories at the pre-, post- and 
follow-up-test with the F2-F1 values for 20%, 40% and 60% section at around 500 Hz 
and a slightly more fronted production of the 80% of the vowel (about 600 Hz). 
However, the spacing between the four sections at 20%, 40%, 60% and 80% becomes 
more evenly distributed between the three time points. In comparison to the intervention 
group, the spacing of the approximant vowel portions of the control group is evenly 
distributed at the pre-test and becomes less regular from post- to follow-up-test.  
Moreover, the pre-test and the follow-up test of the control group reveals a more backed 
production of the 40% and 60% section of the approximant vowel. Although the F1 
values of the first 20% section of the approximant and vowel are similar between both 
group (about 500 Hz), the F1 values for the 80% section of the control decrease 
between pre-, post- and follow-up test and are smaller compared to the intervention 
group.  

The inspection of the trajectory of `swing´ produced by the intervention group 
displays similar F2-F1 values of the 20% section for the pre- and post-test but lower 
F2-F1 values at the follow-up test indicating a more backed pronunciation of the 
approximant. The pre-test reveals a backwards curve at the 60% to 80% section of the 
vowel. As the trajectory displays the mean group values, it seems that the subjects are 
unsure about the production of the vowel /ɪ/. The trajectory straightens at the post- and 
follow-up test. The 20% section of `swing´ pronounced by the control group displays 
similar F2-F1 values but slightly increasing F1 values throughout the three data 
collection points indicating a more open production of the approximant /w/ from pre- to 
post- to follow-up test. The F2-F1 values for the 80% section increase between pre- 
and post-test and then slightly decrease again at the follow-up test. This indicates a 
more fronted production of /ɪ/ at the post and follow-up test. Comparing the trajectories 
of both groups, the intervention group displays a more open production of the 20% 
section at the post- and follow-up test and there are especially changes in the 
production of the vowel /ɪ/ for both groups.  

`Witch´ shows similar trajectories to `swing´. This can be expected as both test 
items include the same approximant vowel sequence /wɪ/. However, as already shown 
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above (see Figure 8-15) the mean duration for `witch´ are shorter compared to `swing´ 
due to the voiceless post-vocalic affricate. The intervention group displays similar F2- 
F1 values of the 20% portion of the approximant and vowel between pre- and post-test. 
However, they decrease at the follow-up test showing a more backed production of /w/ 
at the follow-up test. The F2-F1 values of the 80% section decrease slightly between 
pre- post- and follow-up- test showing a more backed production of /ɪ/.  The F1 values 
for the 20% and 80% portion indicate a more open production at the post-test compared 
to the pre- and follow-up test for approximant /w/ and /ɪ/. The visual inspection of the 
approximant vowel trajectories of the control group reveals similar F2-F1 values for 
20% portion of the approximant and vowel in `witch´. However, the F1 values increase 
slightly at the post-test revealing a more open production. Both, the F2-F1 and the F1 
values for the 80% portion increase between pre- and post-test and present similar 
values for the follow-up-test showing a more fronted and open production of /ɪ/. 

A visual inspection of `wait´ produced by the intervention group reveals similar 
F2-F1 values for the 20% section of /weɪ/. The F2-F1 values at 80% increase between 
pre- and post-test and then decrease at the follow-up-test. This shows a more fronted 
production of /ɪ/ after the intervention. The F1 values at 20% and 80% increase over 
the three data collection showing both the greatest increase after the intervention 
indicating a more open pronunciation of /w/ and /ɪ/. The control group displays similar 
F2-F1 values at the 20% portion of /weɪ/ over the three data collection points. 
Additionally, the F1 values at the 20% portion do not show much change between the 
pre-and post-test. However, there is a slight decrease at the follow-up test resulting in 
a more close production of /w/. The F2-F1 values of the 80% section increase slightly 
between the pre- and post-test and then show similar values at the follow-up test. 
However, the F1 values decrease over the three data collection points. This results in 
a more close production of /ɪ/. Comparing both groups, all six trajectories display a 
curved trajectory with the highest F1 values for the 40% section of the approximant 
vowel. Both, the intervention and the control show decreasing F1 values over the three 
data collection points. Overall, the intervention group shows lower F1 values. A reason 
for the more closed production of the 40% portion of /weɪ/ might be that in the German 
language most diphthongs shift to /ɐ/ (see chapter 3.5.2).  

 Summarising the presented information above, the approximant vowel 
trajectories do not reveal a lot of change in the approximant /w/ but in the production of 
the following vowel.  
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8.3.4 Acoustic analysis of the plosives in final position 

In the German language final plosives are always devoiced. As voiced plosives in post-
vocalic position are preceded by considerably longer vowels than their voiceless 
counterparts (Pickett 2001), the following section looks at the vowel duration data which 
are displayed in Figure 8-22. 

 

 
Figure 8-22: Mean pre-plosive vowel durations and SEM by time, group and plosive 

Figure 8-22 show that the mean pre-plosive vowel durations by time group and plosive 
(see Appendix Table 10-7 for mean pre-plosive approximant vowel duration and 
standard error).  

The mean values for the pre-vocalic vowels produced for /b/ for the intervention 
group increase from the pre-test (182.4 ms) to the post-test (215.0 ms) and then 
decrease again at the follow-up-test (192.2 ms). In contrast, the pre-plosive vowel 
duration of the control group increases over the three data collection points (168.6 ms 
to 174.0 ms to 181.1 ms).  



An Empirical Investigation of Pronunciation Problems of Young FL Learners of English 

 175 

 The intervention group shows a similar pattern for /b/ and /d/ with a strong 
increase at the post-test (from 280.5 ms to 328.7 ms) and a decrease in duration at the 
follow-up-test (307.6 ms). However, for the control group, there is a small decrease 
between pre-and post-test (251.5 ms to 238.5 ms), and then the durations increase 
again at the follow-up test (269.3 ms).   

 Analogous to /b/ and /g/, the pre-vocalic durations produced for /g/ by the 
intervention group show the highest increase at the post-test (from 216.8 ms to 242.1 
ms) and again a decrease at the follow-up test (222.3 ms). The pre-plosive vowel 
durations for /g/ produced by the control group behave in a manner similar to the values 
produced for /d/ with a slight decrease between pre- (188.9 ms) and post-test (187.8 
ms) and an increase in duration at the follow-up-test (210.0 ms). 

The presented results reveal that the shortest mean pre-plosive vowel durations 
are pronounced for /b/ followed by /g/ and /d/. In addition, the data show that there is 
an increase in vowel duration for all of the three plosives /b/, /d/ and /g/ over the three 
data collection points. However, the strongest increase can be observed for the pre-
plosive vowel duration at the post-tests of the intervention group. A mixed model 
analysis of variance with the within subjects factors time, frequency, training and 
diphthong, and the between subjects factor group (intervention vs. control) was carried 
out to have a closer look at the differences in pre-plosive vowel duration. The ANOVA 
revealed (see Table 8-20) that within subject effects of training, frequency and plosive 
were significant with strong effect sizes. However, there was no significant main effect 
of time, F (1.621, 21.078) = 1.756, p = .200, μ = .119, and group, F(1,13) = 2.964, p = 
.109, μ = .186.  
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Table 8-20: Significant within subjects effects for the plosive data 

Effects57 df Error Mean 
Square F Sig. Partial 

Eta2  
training (trained/ not trained) 1 13 106283.190 66.376 .000 .836 
frequency (higher/ lower frequency) 1 13 208300.495 85.925 .000 .869 
plosive (/b/, /d/, /g/) 1.990 25.868 429915.797 99.637 .000 .885 
training x frequency 1 13 172739.560 101.106 .000 .886 
training x plosive 1.616 21.009 72299.343 35.200 .000 .730 
frequency x plosive 1.871 24.322 100707.046 49.732 .000 .793 
training x frequency x plosive 1.712 22.251 267843.754 89.763 .000 .873 

The significant main effect of plosive (F (1,13) = 66.376, p < 0.001, partial η2 = .836) 
showed the key differences in the vowel durations preceding the three plosives 
increasing from /b/ (M = 184.609 ms, SE = 8.534) to /g/ (M = 210.416 ms, SE = 12.603), 
(M = 25.807 ms, SE = 6.698, p < 0.001) and to /d/ (M = 279.130, SE = 12.501), (M = 
68.713 ms, SE = 6.913, p < 0.001). This result supports the results of the descriptive 
statistics (see above). 

The strong impact of the factors training and frequency (see chapter 5.5) is shown 
in the significant main effects of training (F (1,13) =66.676, p < 0.001, partial η2 = .836) 
with shorter durations for the trained (M = 210.658 ms, SE = 10.765) compared to the 
untrained items (M = 238.779 ms, SE = 10.806), (M = 28.121, SE = 3.452, p < .001) 
and frequency (F (1,13) = 85.925, p < 0.001, partial η2 = .869) with shorter durations 
for the higher frequency items (M = 205.034 ms, SE = 10.519) in comparison to the 
lower frequency items (M = 244.403 ms, SE = 11.183), (M =  -39.368 ms, SE 4.247, p 
< 0.001).  

Similar to the ANOVA carried out for the vowels and diphthongs (see Table 8-13 
and Table 8-18) the presented results have to be interpreted with great caution due to 
the biases in the nature of the test items, and the different coarticulatory contexts of the 
plosives (see Table 7.3.3). It is for this reason, that the significant interactions (see 
Table 8-18) are not discussed in further detail. 

8.3.5 Acoustic analysis of the fricatives /z/, /θ/ and /ð/ 

This study looks at the interdental voiceless and voiced fricatives /θ/ and /ð/, and the 
voiced alveolar fricative /z/. Fricative noises are produced when a turbulent airflow hits 
a downstream obstacle (Johnson, 2005). The acoustic consequence is aperiodic noise 
whose spectral shape is determined by the length of the cavity in front of the 

                                                
57  Effects are adjusted with the Greenhouse-Geisser correction. 
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constriction. Therefore, the fricative data is analysed by its `centre of gravity´ (see 
Section 5.4.3) which reflects the formant structure of the dominant front cavity (Wrench, 
1995). In addition to fricative noise, voiced fricatives also show evidence of periodicity 
(Harrington 2013). However, the total airflow of voiced fricatives is lower as the vocal 
folds are held closer to produce the voicing and thus their intensity is weaker (Pickett 
2001, p. 141). Moreover, the fricative durations are shorter for voiced fricatives, but 
similar to the plosive features (see Section 8.3.4) the duration of the preceding vowel 
is longer for voiced fricatives compared to their voiceless counterparts (see Section 
5.4.3).  

This section first presents the mean vowel and fricative durations and then goes 
on to have a closer look at the fricative noise. The fricatives appear in the test items in 
pre- and in post-vocalic positions which affect the durational measures. Therefore, 
Table 8-21 presents the mean vowel and pre-vocalic fricative durations of the test items 
`zoo´, `that´, `them´, `the´, `thing´, and `thin´ and Table 8-22 the mean fricative and 
post-vocalic vowel durations of the test items ̀ close´, ̀ jeans´, ̀ goes´, ̀ smooth´, ̀ month´ 
and `teeth´.  

Table 8-21: Mean vowel and pre-vocalic fricative durations (in ms) and SE of `zoo´, `that´, `them´, 
`the´, `thing´ and `thin´ by time and group.  

 

Intervention Control 
Mean 
vowel 

duration 
(ms) 

SE 
Mean 

fricative 
duration 

(ms) 
SE 

Mean 
vowel 

duration 
(ms) 

SE 
Mean 

fricative 
duration 

(ms) 
SE 

pre-test 199.0 9.9 131.2 9.4 184.5 7.3 104.2 8.0 

post-test 215.7 10.8 147.2 10.2 176.8 7.8 107.7 8.3 

follow-up-test 199.3 9.9 138.2 9.4 188.3 7.4 104.8 8.6 

Table 8-21 shows an increase in the mean vowel duration produced by the intervention 
group from pre- (199.0 ms) to post-test (215.7 ms) and a reversed behaviour for the 
follow-up-test (199.3 ms). The same pattern is displayed for the mean fricative 
durations (131.2 ms to 147.2 ms to 138.2 ms) and even for the standard errors. The 
mean fricative durations of the control group behave similarly with slightly increasing 
durations from pre- (104.2 ms) to post-test (107.7 ms) and a decrease (104.8 ms) at 
the follow-up test. However, the mean vowel durations display a reversed behaviour, 
as the mean vowel durations show a small decrease between pre- (184.5 ms) and post-
test (176.8 ms) and then increase again at the follow-up-test (188.3 ms). Comparing 
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both groups, the intervention group displays overall longer duration and the changes in 
durations are smaller for the control group.  

The second data subset includes fricatives in post-vocalic positions. It contains 
the following test items: `close´, `jeans´, `goes´, `smooth´, `month´ and `teeth´ (see 
Table 8-22).  

Table 8-22: Mean vowel and post-vocalic fricative durations (in ms) and SE of `close´, `jeans´, 
`goes´, `smooth´, `month´, and `teeth´ by time and group.  

 

Intervention Control 
Mean 
vowel 

duration 
(ms) 

SE Mean 
fricative 
duration 

(ms) 

SE Mean 
vowel 

duration 
(ms) 

SE 
Mean 

fricative 
duration 

(ms) 
SE 

pre-test 286.2 9.9 226.3 6.7 270.1 10.2 199.3 7.0 

post-test 326.4 13.6 231.0 6.8 268.0 9.2 208.3 8.2 

follow-up-test 284.4 9.3 221.4 7.0 277.1 8.1 198.4 7.3 

The mean vowel durations of the intervention group display an increase from the 
pre- (286.2 ms) to the post-test (326.4 ms) and then decrease again at the follow-up-
test (284.4 ms). The mean fricative durations also increase slightly at the post-test (from 
226.3 to 231.0) and reverse again at the follow-up-test (221.4 ms). Similarly, the mean 
fricative durations of the control group increase at the post-test (from 199.3ms to 208.3 
ms) and decrease again at the follow-up-test (198.4 ms). Conversely, the mean vowel 
durations decrease slightly from pre- (270.1 ms) to post-test (268.0 ms) and show an 
increase at the follow-up-test (277.1 ms). Overall, the intervention group displays longer 
mean duration than the intervention group.  

Comparing the two data subsets, both groups display a similar behaviour 
notwithstanding whether the fricative appears in pre- or post-vocalic position. Figure 
8-23 gives an overview of the mean fricative and vowel durations for /θ/, /ð/ and /z/ by 
time and group. Similar to the mean values presented in Table 8-21 and Table 8-22, 
the mean fricative and vowel durations for each of the fricatives /z/, /θ/ and /ð/ of the 
intervention group show the highest values at the post-test and reverse to the pre-test 
at the follow-up-test. This pattern can also be found for the fricative durations of /θ/. 
The mean vowel durations of voiceless /θ/ do not change a lot between pre- and post-
test and then increase at the follow-up test. In contrast, the vowel durations for the 
voiceless fricative /ð/ decrease between pre-and post-test and then increase at the 
follow-up-test whereas the respective fricative durations decrease to some extent from 
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pre- to post- to follow-up test. On the contrary, the vowel and fricative durations for /z/ 
increase slightly over the three data collection points.  

Comparing all the data, the intervention group overall displays longer fricative 
and vowel durations than the control group. Moreover, the duration values for /z/ are 
higher than for /θ/ and /ð/. The mean vowel durations for the voiced fricative /ð/ are only 
slightly higher than for /θ/. However, the mean fricative durations are considerably 
lower for the voiced /ð/ than for /θ/. This difference is even higher for the fricative 
durations produced by the intervention group.  

 
Figure 8-23: Mean fricative and vowel duration durations (in ms) and SEM by fricative, time and 
group 
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Figure 8-24: Mean centre of gravity (in Hz) for the fricatives /z/, /ð/ and /θ/ by time and group 

Figure 8-24 displays the mean centre of gravity of the fricatives /z/, /θ/ and /ð/ by 
time and group. It is evident that the alveolar /z/ displays significantly higher centre of 
gravity values than the two dental fricatives /θ/ and /ð/. However, the voiceless /θ/ also 
shows a higher centre of gravity than the voiced /ð/. For all three fricatives, the values 
of the intervention group increase over the three data collection points. The centre of 
gravity values of the control group decrease at the post-test and then increase again 
approaching the pre-test values for /z/ and /ð/ and surpass the pre-test for the voiceless 
/θ/. 

8.3.6 Acoustic analysis of the affricate /dʒ/ 

Affricates are seen as an additional manner of fricative articulation but in contrast to 
fricatives, affricates are preceded by an occlusion instead of more open articulation 
(Pickett, 1999). With reference to the acoustic analysis, the affricate /dʒ/ which was part 
of the intervention, is treated similarly to the fricatives (see Section 8.3.5 above) and 
therefore, the durations of the preceding or following vowels and the affricate durations 
are presented in the first part of this section (see Figure 8-25) and after that the centre 
of gravity measurements  (see Figure 8-26) will be taken into account. Four test items 
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were used to elicit the affricate data: `job´, `jeans´, `John´ and `cage´. As the affricate 
appears in pre- and post-vocalic positions and in different coarticulatory contexts, the 
data will be displayed for each test item.   

 

 
Figure 8-25: Mean vowel and affricate durations (in ms) and SEM by test item, group and time. 

Figure 8-25 displays the mean vowel and affricate durations by test item, group 
and time. With regards to the mean vowel durations of all test items of the intervention 
group, the data shows a considerable increase between pre- and post-test and then a 
reversed decrease for the follow-up-test. The affricate data of the intervention group 
displays overall smaller durations but the same pattern with the largest duration values 
at the post-test with the exception of `cage´. The affricate durations for cage decreases 
slightly over the three data collection points. Then again, the data for `cage´ displays 
quite large confidence intervals in comparison to the other three test items.  

 The mean vowel durations produced for all test items by the control group show 
the reversed behaviour of the intervention group with a decrease between pre-and 
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post-test and an increase at the follow-up-test. However, the affricate durations display 
different patterns for each test item. With regards to `job´ there is a slight increase over 
the three data collection points. The affricate duration for `jeans´ increases slightly 
between pre- and post-test and then decreases at the follow-up test. A similar pattern 
can be seen for `cage´ and the affricate durations for `John´ decrease slightly from pre- 
to post- to follow-up-test. Despite the presented results, the fricative durations of the 
control group only show slight changes over the three data collection points and due to 
the small amount of data, the outcomes have to be treated with great caution.  

 Similar to the outcomes of the fricative data (see chapter 8.3.5), the vowel and 
affricate durations of the intervention group are on the whole longer than for the control 
group. Moreover, with the exception of `cage´ the vowel and fricative durations of the 
intervention group show similar patterns with an increase from pre- to post-test and a 
decrease at the follow-up-test. Again, similar to the fricative data, the reversed 
behaviour for the vowel durations of the control group takes place.  

 



An Empirical Investigation of Pronunciation Problems of Young FL Learners of English 

 183 

 
Figure 8-26: Mean centre of gravity (in Hz) and SEM for the affricate /dʒ/ by time, group and test 
item 

Figure 8-26 displays the mean centre of gravity for the affricate /dʒ/ in the test items 
`job´, `jeans´, `John´ and `cage´.  

  With regard to `job´ produced by the intervention group there is an increase in 
the centre of gravity values over the three data collection points. However, the control 
group displays a reversed behaviour. Similar to `job´ the centre of gravity values for 
`jeans´ the intervention group increase from pre- to post- to follow-up-test. With regard 
to the control group, there is a decrease between pre- and post-test and the values 
increase again at the follow-up test. The same pattern is displayed for the centre of 
gravity of `John´ produced by the control group while the values of the intervention 
group increase over the three data collection points. In a similar fashion, the centre of 
gravity increases from pre- to post- to follow-up for the test item `cage´ produced by the 
intervention group. However, the values of the control group decrease over the three 
data collection points.  
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On the whole, the highest values for the centre of gravity are displayed for `cage´, 
followed, by `jeans´, `job´ and `John´. For all three test items the biggest increase in 
centre of gravity can be found at the post-test of the intervention group whereas there 
is a decrease in the centre of gravity values of the control group between pre- and post-
test.  

8.4 Discussion acoustic analysis  

The previous section 8.3 presented the results of the acoustic analysis. This section 
follows on to discuss the results.  

8.4.1 Vowels /ɑː/, /ɔ:/, /ə/ and /æ/ 

The vowels /ɑː/, /ɔ:/, /ə/ and /æ/ were selected for the pronunciation intervention 
programme (see Chapter 4). A look at the mean durations revealed a robust effect 
between the long vowels /ɑː/, /ɔ: /and short vowels /ə/ and /æ/ (see Table 8-12). 
Moreover, an analysis of the vowel duration by group and time showed an increase in 
duration between the pre- and post-test phase. Despite the assumption that durations 
should decrease after training due to increased motor control (see Section 3.3.2) and 
dual route effects (see Section 5.5), the data show a different picture. In addition, the 
standard error increases between pre- and post-test for both groups. A reason for the 
increase in duration and error might be the tension of the subjects during data collection 
or a hyperarticulation of the test items due to the test scenario. Both are known to affect 
vowel durations. Regardless of this increase, the data also show some patterns with 
regards to vowel durations: Whereas the vowel duration of the control group only shows 
slight differences between pre- and post-test and a further increase in duration between 
post- and follow-up-test, the duration of all vowels in the intervention group increased 
between pre- and post-test and decreased between the post- and the follow-up-test 
indicating that the biggest change takes place after the intervention and that maturation 
effects take place at the follow-up-test. An ANOVA run on the duration data revealed 
statistically significant effects for training, frequency, and vowels. However, the group 
effect did not show significant results. Although the duration gives us some information, 
the first two formant frequencies mainly account for vowel perception. Therefore, the 
F1/ F2-F1 spaces are looked at with more detail.   
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In contrast to the ANOVA, the vowel spaces show apparent differences by group 
and between the three data collection points (see Figure 8-11). Comparing both groups, 
the vowel spread clearly displays a more variable and disrupted production of the 
vowels (with the exception of /ə/) for the control group in comparison to the intervention 
group at the pre-test. Similar to the results of the auditory analysis, this indicates a bias 
in the matching of both groups. Overall, for both groups all vowel ellipses are getting 
smaller from pre- to post-test indicating more stability in the pronunciation of the vowels. 
With the exception of /æ/ this trend continues in the follow-up-test with the biggest shift 
between pre- and post-test. This impression is supported by the decreasing standard 
deviations in the intervention group (see Table 8-14). This might point towards the fact 
that the intervention programme might have had an effect. Although there is a similar 
trend in control group and the decrease in SD values for F2mid, they increase for F1mid 
showing more spread in the open-closed dimension. As the four different vowels do 
show slightly different pictures, the following paragraphs look at them one after the 
other.  

The dispersion of the vowel production of /æ/ increases in the follow-up-test for 
control group and reveals a rather neutral production of the vowel while the production 
of /æ/ by the intervention group is still rather neutral but breaks away from the 
production of /ə/. This might be due to the fact that the front open position of the German 
vowel space is not occupied (see Figure 3-3) the subjects might confuse /æ/ with the 
less open /e/. In addition, the overlap in the vowel spaces diminishes clearly in the 
intervention group. This shows a higher awareness of the English vowels and an 
increase in English vowel space. As /æ/ is not part of the German sound inventory (see 
Figure 3.3.), it seems that the control group replaces the vowel with the German less 
open vowel /e/. Although the intervention and control group both pronounce the /æ/ 
with similar fronting at the follow-up-test, the vowel remains more open in the 
intervention group which corresponds to the English target pronunciation of /æ/. 

The control group pronounces the vowel /ɑː/ with a comparable backwards 
constriction but with a less open quality. Throughout the three test periods there is a 
slight shift towards a more anterior pronunciation of the /ɑː/ but it becomes more 
constricted and loses its open quality being pronounced rather neutrally. This might be 
due to the fact that there is no open back German vowel and the control group might 
confuse it with the less open German /ɔ/ (see Figure 3.3). 
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Moreover, the increase in the Euclidean distance between open-back vowel /ɑː/ 
and back vowel /ɔ:/ (134Hz, 142Hz, 174 Hz) shows the spread of the vowel space for 
the intervention group (see Table 8-16). The increasing vowel spaces might be due the 
fact that the children grow and as a consequence their vowel spaces increase. Another 
reason might be the hyperarticulated pronunciation of the test items (Harrington, 2013, 
p. 91f) and more confidence in the production of the sounds (Banse & Scherer, 1996, 
p. 615) 

An inspection of the vowel spaces of the control group indicates that vowels 
shift apart in the anterior and posterior direction, especially after the post-test. However, 
with regard to the open closed dimension, all vowels seem to be pronounced with a 
more closed quality after the follow-up-test. This is also supported by the upwards 
shifting centroid and a smaller Euclidean distance between the open-back vowel /ɑː/ 
and neutral –back vowel /ɔ:/ between the post- and follow-up-test (644 Hz, 604 Hz). 
The production of more lax vowels points to a less hyperarticulated speech (Lindblom, 
1996) and might also indicate and insecure pronunciation (Harrington, 2013, p. 92). 

8.4.2 Diphthongs /ɪə/ and /eɪ/ 

The diphthongs /ɪə/ and /eɪ/ were trained in the intervention. Table 8-17 presents the 
mean diphthong durations for the two diphthongs by group status. On the whole, longer 
mean diphthong durations and standard errors were displayed for /ɪə/ compared to /eɪ/ 
supporting the fact that /ɪ/ and /ə/ are further apart in the vowel space than /e/ and /ɪ/.  

With regards to /ɪə/, the diphthong duration produced by the intervention group 
decreases from pre- to post-test (395 ms to 376 ms), and there is a slight decrease in 
the follow-up test (374 ms). The strong decrease between the pre- and post-test might 
indicate more automated motor control processes and thus a higher articulation rate 
which can be a result of the intervention, whereas the slight decrease in the follow-up 
test might be due to maturation processes. The diphthong duration of /ɪə/ produced by 
the intervention group decreases from pre- to post-test (395 ms to 376 ms), and there 
is a slight decrease in the follow-up test (374 ms). Similar to the intervention group, the 
duration decreases in the control group between the pre- and post-test (332 ms to 320 
ms). However, the follow-up-test reveals an increased diphthong duration (351 ms) for 
/ɪə/. Whereas the decrease might be explained by maturation, it seems that the 
students hyperarticulated the test items in the follow-up-test or attempted new ways to 
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articulate the diphthong. It is also possible that they have to adjust their articulatory 
movements to their growing body and as a consequence adapt the movements of their 
articulators. In both groups the standard error decreases slightly from pre- to post-test 
and then increases in the follow-up-test indicating that both groups present less stable 
versions of the diphthong. Comparing both groups, the control group overall shows 
shorter diphthong durations. This might be due to the fact that the intervention group is 
more aware of the pronunciation project and therefore might try to pronounce the test 
items particularly carefully. 

The mean diphthong durations for /eɪ/ show a similar picture, with the mean 
durations being higher for the intervention (309.67 ms) than the control group (253.34 
ms). The diphthong durations of the production of /eɪ/ of the intervention group increase 
between pre- and post-test (301ms to 320 ms) and then decrease again in the follow-
up test 308ms. This rise in duration might indicate that the learners changed their way 
of pronouncing the diphthong between the pre-and post-test and then produced a more 
stable version of /eɪ/ in the follow up test.  

To determine the differences in diphthong duration, a mixed model ANOVA  with 
the within subjects factor time, frequency, training and diphthong, and the  between 
subject factor group was carried out (see Table 8-18). The main effect of group revealed 
that the intervention group produced significantly longer durations than the control 
group. This might be due to the fact that the intervention group was more aware of the 
research project and hyperarticulated the test items. The significant main effect of 
diphthong showed significantly longer durations for /ɪə/ than for /eɪ/. This result supports 
the fact that /eɪ/ has a shorter trajectory length in comparison to /ɪə/ and therefore 
smaller articulatory movements are necessary to pronounce /eɪ/. The strong impact of 
the factors training and frequency (see chapter 5.5) is shown in the significant main 
effects of training with longer duration for the trained compared to the untrained items. 
Moreover, the frequency effect revealed shorter durations for the higher frequency 
items in comparison to the lower frequency items. The longer duration for the trained 
items points to the fact that the students might have pronounced the test items trained 
the intervention extra carefully. However, the shorter durations for the higher frequency 
items that also included trained and untrained items indicate more automated 
articulatory movements and thus learning effects (see Section 5.2.1.2) 

The relative positions of the diphthongs in the F1 / F2-F1 space and the formant 
movements are displayed in Figure 8-13 to Figure 8-16. Figure 8-13 shows the scatter 
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plots of the 60% portion of /ɪə/ by group and time. The cluster of the control group 
becomes slightly denser at the post- and follow-up test. However, the production of /ɪə/ 
shows more variation in comparison to the intervention group. This variation is 
especially evident in the production of the 60% and 80% point of the diphthong and 
might be due to fact that some learners might confuse the English /ɪə/ with the more 
open diphthong /ɪɐ/. The decreasing spread of the control and intervention group 
indicates a more stable production of the diphthongs and indicates increasing motor-
control abilities. This holds especially true for the intervention group. However, the 
intervention group already shows less scatter in the pre-test. This might be due to 
biases in the set-up of the groups. Figure 8-14 shows substantial differences in the 
mean relative formant positions of /ɪə/ between the intervention and control group at 
the pre-test. Compared to the intervention group, the formant positions of the control 
group are less fronted at the opening phase of the diphthong and the trajectory ends in 
a more open position. This might be due to the fact that the control group confuses the 
English /ɪə/ with the German /ɪɐ/. Moreover, the trajectory of the diphthong produced 
by the control group is smaller in comparison to the invention group which shows the 
more stable and longer production of /ɪə/ of the intervention group.  

The spectral roc analysis (see Figure 8-19) reveals systematic differences 
between /ɪə/ and /eɪ/. On the whole, that /ɪə/ displays higher spectral rocs than /eɪ/. A 
reason for this difference is that /ɪə/ has a longer trajectory length than /eɪ/ and therefore 
faster articulatory movements are needed to reach the vowel target. Moreover, the test 
items for /ɪə/ have similar articulatory contexts: `year´, `dear´, `hear´, and `beer´. 
However, the test items for /ɪ/ are `page´, `cage´, `wait´ and ´grey´. In the first two items 
the diphthong is followed by a voiced affricate and in `wait´ there is a post-vocalic 
voiceless plosive. In `grey´ the diphthong is in final position. The difference in the 
production of /eɪ/ between the control and intervention group might be a result of 
hyperarticulation. 

8.4.3 Approximant /w/ 

The test items containing the approximant /w/ are `witch´, `swing´, `one´ and `wait´. As 
expected, the measured approximant-vowel duration increased according to the 
coarticulatory context from `witch´, that entails a voiceless post-vocalic affricate, to 
`swing´, that includes a nasal, to `one´, that entails an open mid vowel, and `wait´ that 
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contains a diphthong. With regards to the intervention group, the durational patterns 
are similar to the ones displayed by the vowel and diphthongs with an increase in 
duration between pre- and post-test and a slight decrease at the follow-up test. On the 
contrary, with the exception of witch, that does not show much change in the 
intervention group either, the durations decrease between pre- and post-test. Overall 
the control group displays shorter durations than the intervention group. Similar to the 
diphthong analysis, the trajectories of central 60% of the approximant vowel section 
reveal more information. Therefore, the following paragraph discusses the trajectories 
for each test item at the three data collection points (see Figure 8-21).  

The trajectory for `witch´ in the intervention group displays evidence of equal 
spacing at the pre-test. At the post-test the trajectory is slightly shortened with biggest 
space between the 20 - 40% portion of the vowel, indicating a focus on the glide 
between the approximant and the vowel. This might be due to the intervention that 
focusses on the glide. The follow-up-test shows the longest trajectory with equal 
spacing indicating the use of a bigger vowel space which might be due to maturation 
processes. The control group displays a slightly curved trajectory at the pre-test with 
the /ɪ/ being pronounced slightly less tense in comparison to the intervention group. 
The production of the /wɪ/ is more neutral and gets slightly tenser at the post-test. The 
follow-up-test of the control group shows a fairly similar picture, with a slightly more 
anterior production of the /w/ and more equal spacing. On the whole, the pronunciation 
of /w/ in `witch´ does not seem to pose a lot of problems for both groups, which is also 
indicated by the auditory analysis in which /w/ got the third highest mean pronunciation 
score (see Figure 8-2). This might be due to the fact that /w/ is part of the used 
curriculum and text books. The equal spacing at the follow-up-test indicates, that 
maturation takes place for both groups.  

As swing also entails the /wɪ/ cluster, the trajectories look - as expected - rather 
similar. The trajectory displayed at the pre-test by the intervention group shows a 
backwards curve at the 60%-to 80% section. As the trajectory entails the mean formant 
movement, this curve might be due to the data of some subjects who might have 
problems with the pronunciation of the nasal or just with the item itself. At the post-test 
the production of /ɪ/ changes and a rather straight trajectory is produced which gets 
even longer and more equally spaced at the follow-up-test with a slightly more posterior 
and closed production of /w/. The 20% portion of the trajectory is produced like the /ʊ/. 
The trajectory of /wɪ/ pronounced by the control group displays similar F2-F1 as well as 
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F1) values for the 20% section of the /wɪ/  with a slightly more open production over the 
three data collections points. However, the 80% section of the trajectory the post- and 
follow-up-test is produced more tense resulting a longer trajectory and thus bigger 
vowel space. The curve displayed at the follow-up-test is probably due to individual 
differences in the mean data. Comparing the trajectories of both groups, the 
intervention group displays a slightly more open production of the 20% section, at the 
post- and follow-up test and there are especially changes in the production the vowel 
/ɪ/ for both groups.  

The trajectories for the stimulus `one´ look fairly similar between pre-test, post-
test and follow-up-test in the intervention group. However, the spacing between the four 
sections becomes more evenly distributed over the three data collection points 
indicating confidence in the pronunciation of the testitem. In contrast, the spacing of the 
control group shows a reversed picture. Additionally, F1 is decreasing between pre-
test, to post-test, to follow-up-test which results in smaller trajectories. This leads to a 
less open production of the /wʌ/ in `one´. Either strong individual differences are 
responsible for this development or the subjects are mumbling as the very close 
spacing between the 60-80% portion of the approximant indicates. The effect might 
also be due to an antiformant as a result of the nasal in `one´ and lip rounding which 
results in a lower velum.  

Contrary to the stimuli for /w/ presented above, in `wait´ the approximant is 
followed by a diphthong (/weɪ/) and not by a vowel. Thus, all six trajectories are curved 
with the highest F1 values for the 40% section of the approximant vowel. Both, the 
intervention and the control group show decreasing F1 values over the three data 
collection points. As most German diphthongs shift to /ɐ/ that has very low F1 values 
(see Figure 3-3), learning effects of the English pronunciation might take place. In 
contrast to the intervention group, the control group shows a more open production of 
the 40% section - especially at the pre-test. This might be due to the reading of the 
testitems and a more German accented pronunciation of `wait´.  

Looking at the mean formant movement of the central 60% of the approximant 
vowel portion for `witch´, `swing´, `one´ and `wait´ at the three data collection points, it 
becomes apparent that overall the intervention group uses longer trajectories and a 
bigger vowel space and also shows more equal spacing at the post-test and the follow- 
up-test. Although `swing´ shows a slightly different picture, these results indicate that 
the intervention group pays more attention to the vowels in all dimension and shows 
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more consistency in their production (see Section 5.2.1.2). The approximant vowel 
trajectories do not reveal a lot of change in the in the approximant /w/ itself but in the 
production of the following vowel. This is a consequence of the sequences being 
analysed. The similar production of /w/ supports the outcome of the auditory analysis 
in which it was given high pronunciation ratings.  

8.4.4 Plosives /b/, /d/ and /g/ 

In the German language final plosives are always devoiced (see Section 3.5.3). This 
thesis looked at the English voiced plosives /b/, /d/ and /g/ in final position. The pattern 
of the plosive durations mirrors the previous analyses showing an increase between 
pre- and post-test in the intervention group and a slight decrease between post-test 
and follow-up-test. The presented results reveal that the shortest mean pre-plosive 
vowel durations are shown for /b/ followed by /g/ and /d/. This might be due to the fact, 
that the test item `child´ entails a diphthong in contrast to a vowel. The data also 
reveals, that there is an overall increase in vowel duration for all of the three plosives 
between pre- and follow-up test. As the vowel duration in devoiced sequences is shorter 
than in similar voiced sequences, this lengthening indicates the emergence of increase 
vowel duration as a cue for voicing (see Section 3.5.3). So, although the intervention 
group shows a stronger effect, both groups show an increase in the performance of 
final devoicing. An ANOVA run on the duration data did not show a group effect. 
However, there is a significant main effect of plosive which supports the results of the 
descriptive statistics mentioned above. Moreover, the significant main effect of training 
reveals shorter duration for the trained items compared to the untrained items, which 
indicate higher articulatory speed and thus learning effects (see 5.2.1.2).  

8.4.5 Fricatives /z/, /θ/ and /ð/  

To analyse the fricatives, the measurements included mean vowel and fricative 
durations as well as the spectral features of the fricatives. The fricatives appear in the 
test items in pre- and post-vocalic position which affect the durational measures. Thus, 
the durations are analysed according to their location. For the duration of the fricatives 
in pre-vocalic position, the intervention group displays the same pattern as the analyses 
carried out before with an increase in fricative and vowel duration between the pre- and 
post-test and a decrease at the follow-up-test. In contrast, the durations of the control 
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group did not show a lot of change over the three data collection points (see Figure 
8-23). As expected, the mean durations for vowels and fricatives in post-vocalic position 
are longer than in pre-vocalic position due to the voicing. Nevertheless, the post-vocalic 
durations behave similar to the pre-vocalic duration patterns with an increase between 
pre- and post-test and a decrease in the follow-up-test in the intervention group and 
with only slight changes over the three data collection points in the control group.  

The mean fricative and vowel duration by fricative reveals that the duration values 
for /z/ are higher than for /θ/ and /ð/. This might be due to fact that the test items for /z/ 
include diphthongs in `goes´ (gəʊz) and `close` (kləʊs) and a long vowel in `jeans´ 
(dʒiːnz). The intervention group again displays a similar duration pattern for each of the 
fricatives with a rather strong increase between pre- and post-test. The biggest 
increase can be seen for /z/ indicating a strong impact of the pronunciation intervention, 
which focuses strongly on the voicing features, e.g. bumblebee /z/ (see Figure 8-23). 
This also corresponds to developmental patterns, in which the acquisition of the 
alveolar /z/ is starting very early whereas the dentals /θ/ and /ð/ are developing much 
later. Moreover, the auditory data has shown, that the subjects frequently devoiced the 
/ð/ which affects duration. Contrary to the results of of the intervention group, the 
durations for /z/ do not change a lot over the three data collection points (see Figure 
8-23).  

The length of the cavity in front of the constriction determines the spectral shape 
of the noise. As the front cavity becomes smaller from the production of the fricatives, 
the strongest resonances move upwards in frequency. Yet, the alveolar /z/ displays 
significantly higher centre of gravity (CoG) values than the two dental fricatives. This 
might be due to the fact that dental fricatives might be produced with little energy and 
show a diffuse spectrum. In addition, they are rather prone to the development of 
antiformants. The voiceless /θ/ shows a higher centre of gravity than the voiced /ð/. 
This was expected as voiced fricatives show weaker intensities as the vocal folds are 
held closer and limit the degree of airflow (see Section 5.4.3). For the three fricatives 
/z/, /θ/ and /ð/ the CoG values of the intervention group increase over the three data 
collection points which might indicate that the subjects are actually producing /θ/ and 
/ð/ instead of replacing it with an /s/ or /z/ which is typical for a German accent (see 
3.5.3). In contrast, the centre of gravities decreases at the post-test and then increase 
again approaching the pre-test values for /z/ and /ð/ and surpass the pre-test for the 
voiceless /θ/ and /z/.  
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8.4.6 Affricate /dʒ/ 

As affricates can be seen as an additional manner of fricative articulation (Pickett 1999, 
p. 121), the analysis was treated similar to the fricatives. Equally to the durations 
presented in the previous sections of this chapter, the intervention group displays an 
increase in affricate and vowel durations between the pre-test and post-test with the 
exception of the affricate duration of the test-item ‘cage’. As the vowel duration for 
`cage´ had increases at the same time, it seems that the lengthening of the diphthong 
/eɪ/, to which special attention was paid in the intervention programme (see Figure 8-
25), might have led to shorter affricate durations indicating devoicing. In contrast to the 
intervention data, the durations of the control group always show a slight decrease for 
the vowel durations between pre- and post-test and then an increase at the follow-up-
test whereas the affricate duration do not display a lot of change over the three data 
collection points. The centre of gravity was used as an additional cue for the affricate 
analysis. However, the CoG results did not provide a lot of information as the phonetic 
context of the test itmes influenced the centre of gravity with the lowest values produced 
for `John´, then for `job´, that has a similar phonetic context, and finally for `jeans´ and 
`cage´ in that order.  

So far, this chapter 8 has presented the results and outcomes of the auditory and 
acoustic analyses of the pronunciation intervention. The following chapter 9 of this 
thesis moves on to draw conclusions from the presented material 
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9. Conclusions 

It was the purpose of this doctoral study to develop a new pronunciation intervention 
programme grounded in theories of second language acquisition, which can be easily 
integrated into English pronunciation teaching in German schools. Secondly, the study 
set out to determine whether and to what extent the pronunciation intervention can 
improve the pronunciation skills of young second language learners. The results of the 
data analyses showed a mixed picture of the effectiveness of the pronunciation training 
programme. This chapter’s concluding analysis of the outcomes is structured by 
reference to the research focus and hypotheses (see Chapter 6).  

Given that all the young learners who participated in this study were undergoing 
normal maturation processes and receiving ongoing English language input, the 
performance of both the intervention and control groups should have increased over 
time (Hypothesis 1). The study set out to determine whether and to what extent the 
pronunciation intervention could improve second language pronunciation over and 
above those maturational advances. Thus, the group receiving the pronunciation 
intervention should have performed better on the post-test and follow-up test of their 
L2 pronunciation abilities compared to the control group (Hypothesis 2). It is well 
established in intervention studies that the best performance scores are usually 
obtained at the time directly after the treatment (Shadish et al., 2001), so in this 
investigation it was predicted that the intervention group’s post-test performance would 
be superior to the follow-up test five months later (Hypothesis 3). In this thesis, 
pronunciation performance was determined by mean accuracy scores and acoustic 
measures. 

The auditory analysis revealed that the mean accuracy ratings for both groups 
increased over the three data collection points (see Table 8-1) and this trend is 
supported by the main effect of time showing that for both groups pronunciation ratings 
increased significantly between pre-test and post-test and increased further at the 
follow-up-test (see Section 8.1.2). These findings support Hypothesis 1 that the 
performance of both groups increased through maturation and ongoing English 
language input. However, the interaction between time x sound was not significant and 
scrutiny of the descriptive data revealed that the increase in the rating scores between 
pre- and post-test could not be clearly attributed to the intervention because the largest 
increase was seen in the control group (see Figure 8-3). However, despite the fact that 
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both groups had fairly similar ratings at the post-test, the intervention group surpassed 
the control group at the follow-up test and this difference was significant. 

The acoustic analysis also showed mixed results. Learning effects should have 
led to increased articulatory speed and more consistent pronunciation. Thus, 
maturation would have resulted in decreasing durations and smaller standard 
deviations. Interestingly, the control and intervention groups display completely 
different patterns in the acoustic analysis with regard to duration scores. In the control 
group, for most data58, there is a slight decrease in vowel duration at the post-test 
indicating that maturation effects are taking place and that the traditional teaching 
seems to have positive impacts on pronunciation learning. However, the control group 
data predominantly do not show carry-over effects for the follow-up test, and this finding 
does not support ongoing maturation effects. In the intervention group, the acoustic 
analysis showed increases in duration at post-test with the exception of the affricate 
duration for the test item ‘cage’. This pattern was very consistent over all acoustic 
duration analyses. It seems that the duration patterns found in the acoustic analysis 
were overly influenced by hyperarticulation due to the test scenario or Hawthorne 
effects. In addition, time did not show up as a main effect in the ANOVAs run on the 
vowel, diphthong and plosive durations. Therefore, the duration data remain 
inconclusive despite the fact that the groups are obviously behaving very differently. 
Thus, the acoustic duration scores must be regarded with caution; other analyses and 
cues might reveal more illuminating information. 

The F1 x F2-F1 planes for the vowels, diphthongs and approximants show clear 
patterns of results.  With regards to the vowels, for both groups the vowel ellipses are 
getting smaller and show less scatter indicating more precise production of the vowels 
(see Figure 8-11). In addition, the vowel spaces are getting bigger (see Figure 8-11) 
and, apart from the neutral vowel /ə/, the Euclidean distances increased between pre- 
and post-test for both groups (see Figure 8-12). The overlap in the vowel spaces clearly 
diminished in the intervention group showing more awareness of the English vowel 
spaces and thus more precision in the production of the vowels. In contrast, the control 
group showed more overlap. In addition, the visual inspection of the diphthong scatter 
plots for /ɪə/ and /eɪ/ over the three data collection points revealed decreasing 
dispersion, indicating increasing stability in the pronunciation of the diphthong and 

                                                
58 Exceptions are: /æ/, /eɪ/, /w/ in `witch´, fricative and affricate durations (although the vowel duration for 

the affricates and fricatives show a decrease between pre-and post-test). 
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maturation effects for both groups (see Figure 8-13 and Figure 8-15). However, the 
intervention group clearly shows less dispersion at the pre-test, and this was carried 
through to the follow-up-test indicating better performance than the control group. 
Similarly, the intervention group’s performance of the approximant /w/ displayed longer 
trajectories and a bigger vowel space and even exhibited more equal spacing at the 
post-test and the follow-up test compared to the control group.   

A number of studies (Best, 1995; Flege et al., 2003; Iverson et al., 2003; Kuhl, 
2000) have shown that different L2 sounds pose different degrees of difficulty for 
language learners. Therefore, this investigation included sounds that are different in 
the English and German sound inventories, as well as sounds that are similar in the 
two languages (see Section 3.5) The auditory analysis showed a strong significant 
effect of sound indicating that different sounds posed different problems for the German 
learners of English (Hypothesis 4).  The mean sound ratings revealed that productions 
of the vowel /ə/, the diphthong /eɪ/ and the approximant /w/ yielded the three highest 
scores (see Figure 8-2). The sounds /ə/ and /w/ are similar to their German 
counterparts, whereas there is no German diphthong akin to /eɪ/. Conversely, the vowel 
/ɔ:/ and the fricatives /θ/, which have no equivalents in the German sound inventory, 
and the plosives /b/ and /z/ which are similar to their German counterparts, received 
the three lowest mean ratings. The interaction between sound x group (see Section 
8.1.6) revealed that the fricatives /ð/ and /θ/ and the affricate /dʒ/, which are not part of 
the German sound inventory, improved significantly after the intervention indicating that 
the training programme might have had positive effects particularly on “new” sounds. 
Addressing Hypothesis 4, the results of the study did not provide enough evidence to 
answer the question of whether similar or different sounds are easier to acquire. 
However, this study did not employ minimal pairs, but instead used authentic 
vocabulary for the test items. Thus, the different coarticulatory contexts might have 
masked sound effects.  

To explore the prediction that the pronunciation performance of the treatment 
group would improve not only as a result of the training effects of the intervention but 
also due to the intervention itself, test items that were explicitly trained in the treatment 
were contrasted with untrained test items (Hypothesis 5). The main effect of training 
revealed that the trained test items had significantly higher mean pronunciation ratings 
compared to the untrained items (see Section 8.1.3). However, there was no significant 
interaction between training x time. Inspection of the descriptive data (Table 8.2) 
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revealed that the means for both groups increased over the three data collection points 
indicating that maturation effects were taking place. As the control group did not receive 
a special treatment for the trained test items, ideally the ratings for the trained and 
untrained test items should have been fairly similar and indeed this assumption is true 
for all sounds with the exception of /b/, ð/, /θ/ and /z/ (see Figure 8.6). The interaction 
between training x sound x group (Figure 8.5) revealed that for nine of the 14 sounds 
higher ratings were given for the trained items compared to the untrained items, 
although significant training effects could be found for /b/ and /d/. However, training 
showed a significantly negative impact for /z/ and /w/. Review of the test items 
containing these sounds suggested that either the coarticulatory context or the within-
task sorting (trained and untrained status) might have been confounding factors (see 
discussion below of the interaction of sound x frequency x training). The ANOVAs run 
on the durations for the vowels and diphthongs revealed a significant main effect of 
training, with longer durations for the trained test items compared to the untrained test 
items. This result is similar to the duration pattern over the time intervals, where the 
biggest increase was found from pre- to post-test suggesting that the students might 
have been making efforts to pronounce the trained items extra carefully. Overall, the 
results indicate that training effects are taking place.  

Frequency effects are known to influence speakers’ performances (Bishop & 
Keating, 2012; Cholin, 2008); more frequent use tends to lead to increased skill. Thus, 
higher frequency items should have outscored the lower frequency items (Hypothesis 
6). The simple effects analysis (see Section 8.1.9) of sound x frequency revealed that 
the test items containing the vowels /ɔ:/ and /æ/, the plosive /b/ in final position, the 
fricative /ð/ and the approximant /w/ received significantly higher ratings in line with 
higher frequency status. Moreover, the interaction graph (see Figure 8-8) shows that 
the higher frequency items (with the exception of the fricatives /θ/ and /z/) generally got 
slightly higher ratings compared to the lower frequency items, showing a strong effect 
of frequency. In addition, the acoustic analysis run on the duration data revealed a 
statistically significant effect of frequency, with longer durations for the higher frequency 
items containing the vowels and the approximant, and shorter durations for the 
diphthongs (see Section 8.3). 

As the interactions between sound x frequency (see Figure 8-7) and sound x 
frequency x training (see Figures 8-8 and 8-9) revealed, frequency effects sometimes 
surpassed training effects and it is conjectured that the set-up of the stimuli according 
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to frequency and training might have had additional effects (see discussion at Section 
8.2).  

Comparing both data sets, a reason for the partly different results of the two 
analyses of the same data might be that the auditory analyses were more strongly 
affected by the inherent features of the test items compared to the acoustic analysis 
that despite coarticulation effects focused more on the specific sound. 

9.1 Key findings, limitations and outlook 

In the literature on pronunciation, most studies have focused only on single aspects of 
pronunciation and were set in laboratories with mostly adult participants (Archibald & 
Young-Scholten, 2003; Bohn & Flege, 1992; Gut, 2009 Iverson et al., 2003; Neri et al., 
2006; Strange et al., 1998) and there are only few pronunciation studies that present 
data for classroom- based interventions with younger learners in primary and 
secondary school education (Thomson and Derwing (2015)). This thesis is one of them. 
According to Thomson and Derwing’s (2014) benchmark with regards to a “good” 
pronunciation training study this thesis fulfils almost all of the criteria (see Section 3.1). 
It has a very high ecological validity as the pronunciation intervention can be easily 
integrated in the general communicative L2 classroom of German English L2 learners 
at the ages of 10 to 12. Not only were the curricular guidelines considered, but also 
great care was taken to implement the intervention in the everyday communicative 
foreign language classroom. For this reason, the results of a teacher questionnaire (see 
Section 2.4) and a textbook/material analysis (see Section see 2.3.) fed into the set-up 
of the pronunciation training programme (see Chapter 4). The analysis revealed, that 
these materials do not provide a theoretical background on pronunciation acquisition 
and there are barely any guidelines on methods to implement and systemise 
pronunciation teaching in the foreign language classroom. Thus, this thesis provides a 
rationale for pronunciation teaching grounded in theories of language perception and 
production (e.g. Best (1995), Flege (1995)), the language magnet (Kuhl and Iverson 
(1995)) and takes the outcomes of motor theory and mirror neurons into account. In 
addition, the thesis includes a detailed teachers’ manual that can be used by foreign 
language teachers (see Appendix Section 10.4). In addition, methods and participants 
of the data analyses are described in detail (see Section 7.5) to allow a replication of 
the study. To verify that any improvement in pronunciation abilities is a result of 
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instruction, a control group was employed and a follow-up-test was included to 
determine lasting effects of the intervention. 

The main point of concern regarding this study relates to the selection of the test 
items. Due to the limited vocabulary of English learners at beginner level, the test items 
could not be matched as minimal pairs. The use of authentic vocabulary as test items 
meant that the sounds appeared in different coarticulatory contexts which affected the 
outcomes of the analyses (see Section 8.4 and Chapter 9 above). In addition, the 
results also showed clear frequency effects (see Chapter 8 and 9) which seemed to 
surpass training effects and might have affected the overall results. Thus, to avoid 
additional effects, in a further study, test items should be chosen according to similar 
frequency. Moreover, the choice of the data elicitation method (see Section 7.4.3) might 
have affected the results, as reading problems could have contributed to poor 
pronunciation ratings. Also, some of the results – although not statistically significant – 
indicated biases in the matching of the intervention and control group, which was done 
semi-randomly. Due to the constraints of the PhD project, only 16 monolingual German 
learners of English were chosen for the final analysis in this study (see Section 7.2.4). 
Despite the investigation being comparable in scale to other acoustic studies of 
pronunciation that have an average sample size of 11.61 (Sakai & Moorman, 2018), 
the small sample size (n = 16) partly limited the validity of the results. A further study 
could assess the robustness of the presented findings, especially as originally datasets 
were completed for 181 students. In addition, for all of these students quantitate and 
qualitative questionnaire data on the participants’ sex, age, language background, 
language experience and motivation were gathered which was not used in this study 
(see Section 10.3.3.in the Appendix for full questionnaire). So complementary analyses 
could be conducted to provide more insight in social factors affecting learning and the 
nature of interactions in the L2 and to increase the power of the statistical analyses. 
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Table 10-1: Pronunciation training programmes carried out with younger learners of English 
Suggested 
Literature 

Cardoso 2010 
 

Chen & Goswami, 
2011 

Lima, 2010 
 

Kennedy, 2003 Trofimovich, Light-
bown, Halter, & Song, 
2009 

Tsiartsioni, 2010 von Rekowski 

subject 
language 

Portuguese 
monolingual (BP) 

Spanish (Mexico) Portuguese Francophone  Francophone Greek German, monolingual 

L2 Slavir (fake 
language) 

English English English English English English 

n 30 44 28 47 74 72 16 
age 16.3 15-19 11-13  17-20 8.4  10-16 10.95 
place of 
instruction 

secondary school 
classroom 

high school,  
intact classes 

non-native teacher, 
two intact classes 

junior college 
intact classes 

20 intact classes state school 
intact classes, 

secondary school 
intact classes 

design quasi-experimental, 
within groups 
pretest/ posttest 
design. 

quasi-
experimental, 
within groups pre- 
post test two 
treatment 

interventionist action 
research 
intervention study,  
pre- post-test, 
delayed post-test 

Intervention 
study 
control group,  
pretest, posttest 

Intervention study 
control group design,  

control group 
design 

intervention study 
quasi-experimental control 
group design  
pretest, posttest, delayed 
posttest  

training 
scope 

 
foreign homorganic 
onset clusters (/sl/, 
/sn/, /st/ - sC)  
 
 
 

/t, d, v, z. ð,θ s/̌ Sounds particularly 
difficult for Brazilan 
speakers of English: 
/θ/,/ð/, /æ/, /ɬ/,/uː/, 
final /t, d, ɪd/,/iː/, /h/, 
/t/, /i:/, /h/, /r/, /ɪ/,/ə/, 
/ə/, /ɽ/ 

/θ/,/ð/ 6 simple English 
sentences, particular 
interest /h/, 
possessive -s 

Vocalic and 
intervocalic 
duration 
production of  
aspirated /p, t, k/, 
the devoicing of /b, 
d, g/ and vowel, 
lengthening before 
word 
final voiced stops. 

Vowels: /ɑ:/, /ɔ://æ/, /ə/  
Diphthongs: /eɪ/, /ɪə/ 
Word-final plosives /b/, /d/, 
/g/ 
Fricatives: /θ/, /ð/, /z/  
Affricate: /dʒ/ 
Approximant: /w/ 

theoretical 
paradigm 

Teachability ´, 
Markedness 

Cooperative 
Learning 

Explicit teaching peer corrective 
feedback 

sustained, long-term 
comprehension 
practice in both 
listening and reading  

/ Motor Theory, Language 
Magnet, Speech Learning 
Model 

Analysis auditory and 
acoustic ratings 
  

audio and video 
tape, soundswere   
as correct (+) or 
incorrect.  

recordings were 
phonetically 
transcribed and 
analyzed. 

rating scale 
according to 
tongue position, 
accuracy scores  

sentences were 
transcribed, judged by 
phonetically trained 
judge, listener ratings 

Duration (VOT, 
Vowel length 
before final stops) 
Acoustic ratings 

auditory and acoustic 
ratings 
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Table 10-2: Pronunciation training programmes focussing on segments 
Suggested  
Literature 

Elliott, 1995 Garcia, 2005 
 

Huthaily, 2008 Liu & Fu, 2011 Warsi, 2002 
 

von Rekowski 

subject 
language 

English English English Mandarin Japanesse German, monolingual 

L2 Spanish Spanish Arabic English English English 
n 66 53 46 60 16-18 16 
age / 18-32  juniors at a 

University 
adult learners 10.95 

place of 
instruction 

University students University students University 
students 

University students State College secondary school 
intact classes 

design pre- and post-test pre- and post-test 
3 treatment groups + 
control group 

control group, pre- 
and post-test 

intact classes 
control group 

control group, pre- 
and post-test 

intervention study 
quasi-experimental control group 
design  
pre-test, post-test, delayed post-test  

training scope mimicking discrete 
words, sentences, 
pronunciation of written 
words, spontaneous 
pronunciation 
focus on allophones 

/l/, /ɬ/  
/d/, /t/, /ɾ/ 
 

sound recognition, 
minimal pairs 
Arabic sounds, 40 
items 

10 sounds that 
were often 
mispronounced 
including /v/ and 
/w/. 

/l/, /r/ Vowels: /ɑ:/, /ɔ://æ/, /ə/  
Diphthongs: /eɪ/, /ɪə/ 
Consonants: 
Word-final plosives /b/, /d/, /g/ 
Fricatives: /θ/, /ð/, /z/  
Affricate: /dʒ/ 
Approximant: /w/ 

theoretical 
paradigm 

pronunciation attitude, 
field independence 

 Contrastive 
Analysis 

Monitor and effects 
of instruction 

Effects of visual 
feedback (diagram 
with articulatory 
movements) 

Motor Theory, Language Magnet, 
Speech Learning Model (SLM) 

Analysis 3 raters  
auditory accuracy 
ratings 

pronunciation 
accuracy 
3-point scale 
rated by a native 
speaker of English 

minimal pair 
ratings 

auditory ratings list of 5 words. 
Auditory analysis 
(rating scale) 

auditory and acoustic ratings 
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Table 10-3: Pronunciation training programmes involving awareness raising  
Literature Couper, 2011 

 
Ingels, 2011 Nagamine, 2011 Sardegna, 2011 von Rekowski 

subject 
language 

Korean, Mandarin Mandarin Japanese Chinese, Vietnamese, 
Korean, Thai, Turkish, 
French, Portuguese, 
Spanish 

German, monolingual 

L2 English English English English English 
n 24 7 30 38 16 
age adults 23-28 adults 22-47 10.95 
place of 
instruction 

University students University students University students University students secondary school 
intact classes 

design pre- and post-test 
2 ×2 factorial design 
 

pre- and post-test pre- and post-test Pre-test, post-test, delayed 
post-test 

intervention study 
quasi-experimental control group design  
pre-test, post-test, delayed post-test  

training 
scope 

epenthesis, or the 
inappropriate addition 
of an extra vowel, 
often a schwa.  
 

suprasegmental 
features 

voiceless bilabial, 
alveolar, and velar 
stops/plosives 

linking sounds within and 
across words 

Vowels: /ɑ:/, /ɔ:/, /æ/, /ə/  
Diphthongs: /eɪ/, /ɪə/ 
Consonants: 
Word-final plosives /b/, /d/, /g/ 
Fricatives: /θ/, /ð/, /z/  
Affricate: /dʒ/ 
Approximant: /w/ 

theoretical 
paradigm 

CP, socially 
constructed 
metalanguage (SCM) 
and critical listening 
(CL) 

3 levels of self-
monitoring  

Hyper-Pronunciation 
Training Method 

Covert Rehearsal Model 
(CRM) 

Motor Theory, Language Magnet, Speech Learning 
Model (SLM) 

analysis intelligibility ratings accuracy scores on 
message unit 
boundaries, primary 
phrase stress, and 
intonation 

VOT, pitch pronunciation accuracy 
scores 

auditory and acoustic ratings 
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Table 10-4: Pronunciation training programmes including auditory rating scales  
Literature Henderson, 2008 Munro & Derwing, 2008 Perlmutter, 1989 von Rekowski 
subject 
language 

Bulgarian, French, 
Japanese, Greek 

Mandarin, Russian, Ukrainian, and Croatian China, Korea, Sri Lanka, Malaysia, 
Austria, Germany, Poland, Ghana 

German, monolingual 

L2 English English English English 
n 5 44 24 16 
age 23-58 19-49 19-43 10.95 
place of 
instruction 

University Course University Course University students/ teaching assistants secondary school 
intact classes 

design intervention study 
pre- and post-test 

Repeated measures 
2 experimental groups (Asian vs. Slavic 
language background) 

pre- and post-test intervention study 
quasi-experimental control group design  
pretest, posttest, delayed posttest  

training scope spontaneous speech 10 English vowels in CVC context 
word frequency 

intelligibility ratings, 
subject matter identification 

Vowels: /ɑ:/, /ɔ://æ/, /ə/  
Diphthongs: /eɪ/, /ɪə/ 
Consonants: 
Word-final plosives /b/, /d/, /g/ 
Fricatives: /θ/, /ð/, /z/  
Affricate: /dʒ/ 
Approximant: /w/ 

theoretical 
paradigm 

Contrastive Analysis, 
Functional Load 

  Speech Motor Control, Language Magnet, 
Speech Learning Model (SLM) 

analysis speech rate, pace, and 
word stress 

Intelligibility Judgment Task 
word frequency 
 

intelligibility ratings, conversational topic 
identification 

auditory and acoustic ratings 
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Table 10-5: Pronunciation training programmes including acoustic analyses 
Literature Counselman, 2010 

 
Hincks & Edlund, 2009   Suarez, 2013 von Rekowski 

subject 
language 

English Mandarin (and other Chinese dialects) Spanish, French German, monolingual 

L2 Spanish English English English 
n 28 14 8 16 
age  22.3 (test group), 24.5 (intervention 

group) 
 10.95 

place of 
instruction 

University conversation course English language class at University  secondary school 
intact classes 

design control group design control group design pre- and post-test intervention study 
quasi-experimental control group design  
pretest, posttest, delayed posttest  

training scope /e,  o,  a,  p,  t,  k,  b,  d,  g,  ɾ,  l/ intonation,  
on-line visual feedback on the 
presence and quantity of pitch 
variation 

/p/, /t/, /k/ Vowels: /ɑ:/, /ɔ://æ/, /ə/  
Diphthongs: /eɪ/, /ɪə/ 
Consonants: 
Word-final plosives /b/, /d/, /g/ 
Fricatives: /θ/, /ð/, /z/  
Affricate: /dʒ/ 
Approximant: /w/ 

theoretical 
paradigm 

production vs perception  Markedness Motor Theory, Native language Magnet, 
Speech Learning Model (SLM)  

analysis F2/F1 analysis for /o/ and /e/ 
auditory ratings for the consonants 

pitch, duration  Duration (VOT) auditory and acoustic ratings 
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10.2 Ethical clearance 

As the study was conducted in schools in Hesse in Germany, ethics approval was 
sought from the Hessian Ministry of Education in Germany (see chapters 10.2.1 and 
10.2.3). The Chair of the ethics review procedures at the time of the approval stated 
that the Department of Human Communication Sciences in Sheffield recognises the 
German ethics approval (see Figure 10-1):  

 

 
Figure 10-1: Ethics approval from the Department of Human Communication Sciences, Sheffield, 
UK 

10.2.1 Ethics approval: Hessian Ministry of Education: Teacher Questionnaire 

On September 10th, 2009, the Hessian Ministry of Education granted the approval of 
the questionnaire study. The English translation can be found in the following section 
10.2.2.  
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Figure 10-2: Ethics approval of the questionnaire study by the Hessian ministry of education 

10.2.2 Translation of the ethics approval of the questionnaire study 

Reference number 660.003.000 -304-. 

Dear Ms. Schröter,  

We’ve talked to each other on the phone last week. As you’ve told me, you’re planning 
to do your research in about 500 schools and that you’ve already agreed with Mr. 
Ilnitzky prior to our contact that the schools do not need to provide any consent forms.  

The statements of the head of the primary school division and the data protection 
commissioner are positive with regards to your request. Therefore, I grant permission 
to your research application from August 26th, 2009. You may start with your research.  

Yours sincerely 

XY 

Hessian Ministry of Education 
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10.2.3 Ethics approval: Hessian Ministry of Education: Intervention Study 

On December 9th, 2009, the Hessian Ministry of Education granted the approval of the 
pronunciation intervention project. The English translation can be found in the following 
section 10.2.4.  
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Figure 10-3: Ethics approval of the intervention study by the Hessian Ministry of Eduation 

10.2.4 Translation of the ethics approval by the Hessian Ministry of Education: 

Scientific School Research 
Your application from December 7th, 2009 

Dear Ms. Schroeter,  

I grant approval for scientific research in the following requested schools: 
1. School A,  Frankfurt am Main 
2. School B,  Frankfurt am Main 

Please adhere to the following standard practice conditions in your research: 
1. Every subject concerned by the study has to be informed that the participation 

is voluntary and that there are no consequences from not taking part. A written 
consent form is needed from the head of schools, teachers and students who 
are taking part in the research. According with data protection regulations a 
parent consent form is not needed in this study.  

2. Every subject concerned by the study has to be informed about the aims and 
contents of the research. Moreover, the nature of the participation and data 
analysis has to be made clear prior to the study.  
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3. The scientific research has to be done anonymously. In case biographical 
characteristics are collected, they have to be separated from other collected 
data and material already during the data analysis and they have to be saved 
in different places. At the latest they are to be deleted after the data analysis. 
As video and audio are counted as biographical data, specific restrictions of 
the participation in and analysis of the recordings have to be taken into ac-
count. 

4. The data collected is only to be used for the requested aims. The transmission 
of data to third parties is not allowed.  

5. The research done in school has to be conducted in such a way that there is a 
minimal interference with the regular school education. 

I refer to the Hessian Data Protection Act, in particular to §7, 10, 13, and 33.  

I wish you good luck for your planned study and success for your research.  

Yours sincerely 
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10.2.5 Parent Consent Forms 

10.2.5.1 Parent consent form: control group 
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Figure 10-4: Parent consent form: control group 

 

 

 

10.2.5.2 Parent consent form: intervention group 
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Figure 10-5: Parent consent form: intervention group 

10.3 Questionnaires 

In this study a teacher and a student questionnaire were distributed. Both 
questionnaires can be found in the following sections 10.3.2. 
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10.3.1 Request for teachers to participate in the online survey 
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Figure 10-6: Request to take part in the online questionnaire 
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10.3.2 Teacher questionnaire with answers (English and German) 

Online-Questionnaire: English Pronunciation Teaching at German Secondary schools 
in Hesse 
A note on privacy: This survey is anonymous. 

The record kept of your survey responses does not contain any identifying information 
about you unless a specific question in the survey has asked for this. If you have 
responded to a survey that used an identifying token to allow you to access the survey, 
you can rest assured that the identifying token is not kept with your responses. It is 
managed in a separate database, and will only be updated to indicate that you have (or 
have not) completed this survey. There is no way of matching identification tokens with 
survey responses in this survey. 

Pronunciation & Speech Standard/ Aussprache & Sprachstandard 
1. How important is integrating pronunciation work into your English lessons? 

Wie stark ist Ihr Interesse daran, Ausspracheunterricht in Ihren Englischunterricht 
zu integrieren? 
à Choose one of the following answers 

 Very important Important Medium Unimportant Very unimportant 
 Sehr stark Stark Mittel Wenig Überhaupt nicht 
Valid 
Percentages      

 
2. How would you evaluate your own pronunciation competence? 

Wie schätzen Sie Ihre eingene Aussprache ein? 
à Choose one of the following answers 

 Native-speaker 
competence 

Near-native-
speaker 

competence 

Highly competent but 
with a strong German 

accent 
Little 

competence 

 Muttersprach-
liche Kompetenz 

Fast-Muttersprach-
liche Kompetenz 

Hohe Kompetenz, 
jedoch mit starkem 

deutschen Einschlag 
Eher niedrig 

Valid 
Percentages     

 
3. How would you rate your own speech standards59? 

Welcher Sprachstandard kommt Ihrem Englisch am nächsten? 
à Choose one of the following answers 

 British English American 
English 

Australian 
English 

Newzea-
land 

English 
Other RP General Scots Irish 

 Britisches Englisch Amerikan-
isches 

Englisch 

Austra-
lisches 

Englisch 

Neusee-
ländisches 
Englisch 

Andere `RP´ 
Im 

weitesten 
Sinne 

Schott-
land Irland 

Valid 
Percentages 

        

                                                
59 For sake of usability, many available speech standards are missing. The participants were asked to 

name any other speech standard.  
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4. How would you describe the speech standard you use for teaching (either 

by yourself or with the help of media)? 
Welcher Sprachstandard kommt demjenigen am nächsten, den Sie selbst im Eng-
lischunterricht der fünften Klasse durch Ihre Sprache und durch Medien vermit-
teln? 
à Check any that apply 

 British English American 
English 

Australian 
English 

Newzealand 
English Other RP General Scots Irish 

 Britisches Englisch Amerikan-
isches 

Englisch 

Austra-
lisches 

Englisch 

Neusee-
ländisches 
Englisch 

Andere RP 
Im 

weitesten 
Sinne 

Schottland Irland 

Valid  
Percent 
-ages 

        

Other/Andere:  
 
5. With reference to teaching English in the fith grade, what is your goal of 

pronunciation teaching? 
Welche Aussprachekompetenz streben Sie bei Ihren Schüler/innen im Englisch-
unterricht der fünften Klase an? 
à Choose one of the following answers 
 

 Native-speaker 
competence Intelligibility As long as the students 

talk at all, I’m happy. 
 Muttersprachliche 

Kompetenz 
Verständlichkeit der 

Aussprache 
Ich bin froh wenn die 

Schüler/innen reden, egal 
wie 

Valid Percentages    

 

Pronunciation & Error Correction/ Aussprache & Korrektur 
6. How important are pronunciation exercises for your English students of the 

fifth grade? 
Wie stark ist das Interesse Ihrer Schüler/innen im Englischunterricht der fünften 
Klasse an Ausspracheübungen? 
à Choose one of the following answers 

 Very 
important Important Neither Unimportant Very unimportant 

 Sehr stark Stark Mittel Gering Kein Interesse 
Valid Percentages      

 
7. How often do your students of the fifth grade want to be corrected with re-

gards to their English pronunciation?  
Wie oft wollen Ihre Schüler/innen im Englischunterricht der fünften Klasse hin-
sichtlich ihrer Aussprache korrigiert werden? 
à Choose one of the following answers 

 At every 
mistake Only at profound mistakes From time 

to time Rarely Rather not 
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 Bei jedem 
Fehler 

Nur bei schwerwiegenden 
Fehlern 

Hin und 
wieder Selten Am liebsten 

gar nicht 
Valid 
Percentages      

 
8. How do you correct the pronunciation of your pupils in the fifth grade of 

English? 
Wie korrigieren Sie die Aussprache Ihrer Schüler/innen im Englischunterricht der 
fünften Klasse? 
à Check any that apply 

 Present 
the 

correct 
version 
myself 

Present 
similar 

sounding 
words 

Present-ing 
listening 

examples 

Presenting 
phonetic 

transcription 
Drilling 

Ask other 
students to 

help 
Other 

 Selbst 
korrekt 

Vor-
sprechen 

Verweis 
auf 

ähnlich 
klingende 

Wörter 

Durch 
Hörbei-
spiele 

Durch phon-
etische 

Lautschrift 
Durch 
Drills 

Andere 
Schüler 

vor-
sprechen 

lassen 

Andere 

Valid 
Percen-
tages 

       

 
9. How often do you correct the pronunciation of your pupils in the fifth grade 

of English? 
Wie oft korrigieren Sie Ihre Schüler/innen im Englischunterricht der fünften Klasse 
hinsichtlich ihrer Aussprache? 
à Choose one of the following answers 

 At every 
mistake 

Only at profound 
mistakes 

From time 
to time Rarely Rather not 

 Bei jedem 
Fehler 

Nur bei 
schwerwiegenden 

Fehlern 
Hin und 
wieder Selten Am liebsten 

gar nicht 
Valid 
Percentages      

 

Pronunciation & Teaching resources/ Aussprache und Unterrichts-
materialien 

 

 

 

 
 

10. Which of the following textbooks are you using in your English lessons in 
the fifth grade? 
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Welches Lehrwerk benutzen Sie im Englischunterricht Ihrer fünften Klasse? 
à Choose one of the following answers 

Publisher Klett Cornelsen Diesterweg  
 Green 

Line 
Red 
Line 

Orange 
Line English G Portobello 

Road 
Let’s 
go 

Notting 
Hill 

Gate 
Camden 

Town 
Other 

Andere 
Valid 
Percen-
tages 

         

 
11. Do you think that there are sufficient pronunciation exercises in your text-

books and the related materials? 
Sind Sie der Meinung, dass in Ihrem Lehrwerk und den dazugehörigen Begleitma-
terialien ausreichend Übungen zur Aussprache angeboten werden? 
à Choose one of the following answers 

 Yes No 
 Ja Nein 
Valid Percentages   

If, yes, please answer question 12.  
12. Do you think that there should be more pronunciation exercises in the text-

books and the relating material? 
Sind Sie der Meinung, dass der Aussprachuntericht in Ihren Lehrwerken starker 
verankert werden sollte? 
à Choose one of the following answers 

 Yes No 
 Ja Nein 
Valid Percentages   

 
13. Do you use pronunciation exercises apart from your textbooks and the re-

lating material?  
Verwenden Sie Material zur Aussprache, das nicht in dem von Ihnen benutzen 
Lehrwerk und den dazugehörigen Begleitmaterialien angeboten wird? 
à Choose one of the following answers 

 Yes No 
 Ja Nein 
Valid Percentages   

If yes, please answer question 14:  
14. Please indicate what kind of pronunciation exercises (besides the ones in 

your school books) you use and where you can find these resources60.  
Geben Sie bitte an, welches Material (außer Ihrem Lehrwerk und den dazugehöri-
gen Begleitmaterialien) Sie für Ihren Aussprachunterricht benutzen und wo Sie 
dieses Material finden.   

 
 
 

                                                
60 The participants answered the questions in German.  
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Pronunciation activities/ Aussprache & Unterrichtsaktivitäten 

 
15. How often do you use pronunciation exercises in your English lessons in 

the fifth grade? 
Wie oft führen Sie Übungen zur Aussprache in Ihrem Englischunterricht der fünf-
ten Klasse durch? 
à Choose one of the following answers 

 
 

 Very often  
(in every English 

lesson) 

Frequently (at 
least once a 

week) 

From time to 
time (more 
than once a 

month) 

Rarely 
(about once a 

month) 
Hardly 
ever 

 
Sehr oft (in jeder 
Englischstunde) 

Oft 
(mindestens 
einmal pro 

Woche) 

Mittel (mehr 
als einmal im 

Monat) 

Eher selten 
(ca. einmal pro 

Monat) 
Fast 
nie 

Valid 
Percentages      

 
16. How often do you use each of the following pronunciation activities in your 

English lessons in the fifth grade? 
Wie oft benutzen Sie welche der folgenden Aktivitäten im Englischunterricht der 
fünften Klasse? 
à Please rate your answer in the following domains:  
 

 

Very often  
(in every English 

lesson) 

Frequently 
(at least 
once a 
week) 

From 
time to 
time 

(more 
than 

once a 
month) 

Rarely 
(about 
once a 
month) 

Hardly 
ever 

I don’t 
know 
this 

activity 

 

Sehr oft (in jeder 
Englischstunde) 

Oft 
(mindestens 
einmal pro 

Woche) 

Mittel 
(mehr 

als 
einmal 

im 
Monat) 

Eher 
selten (ca. 
einmal pro 

Monat) 

Fast 
nie 

Kenne 
ich 

nicht 

Drills       
Phonetic 
transcriptions       
Minimal pairs       
Teaching 
pronunciation with 
the help of words 

      

Teaching 
pronunciation with 
the help of phrases 

      

Teaching 
pronunciation with 
the help of sentences 

      

Reading passages       
Dialogues       
Tongue twisters       
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Rhymes       
Games (e.g. Bingo)       
Songs       
Role-playes       
Back-chaining       
Vokis       
Speech spetrograms       

a) The answers are given with reference to total numbers (=n). 
 

17. When you teach pronunciation, what duration do these exercises have 
within an English lesson in the fifth grade? 
Wenn Sie Aussprache im Englischunterricht der fünften Klasse unterrichten, wel-
che Dauer haben Ihre Ausspracheübungen in der Regel innerhalb einer Englisch-
stunde?  
à Choose one of the following answers 

 More than 10min About 10min About 5min About 1-2min 
 Mehr als 10min Ca. 10min Ca. 5min Ca. 1-2min 
Valid 
Percentages     

 

Pronunciation & Phonetics/ Aussprache & Phonetik 
18. Do you think your degree in English has sufficiently prepared you to judge, 

correct, and teach pronunciation?  
Fühlen Sie sich in Ihrer Lehramtsausbildung ausreichend dafür ausgebildet Aus-
sprache zu korrigieren, zu beurteilen und zu unterrichten? 
à Choose one of the following answers 

 Yes No 
 Ja Nein 
Valid Percentages   

 
19. Do you think you are competent enough to use phonetic transcription in 

your English lessons? 
Fühlen Sie sich kompetent genug, um phonetische Lautschrift in Ihrem Englisch-
unterricht zu verwenden? 
à Choose one of the following answers 

 Yes No 
 Ja Nein 
Valid Percentages   

 
20. Do you use the phonetic transcription in your English lessons in the fifth 

grade? 
Benutzen Sie phonetische Lautschrift in Ihrem Englischunterricht in der fünften 
Klasse?  
à Choose one of the following answers 

 Yes No 
 Ja Nein 
Valid Percentages   

If yes, please answer the following question: 
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21. My pupils in the fifth grade can ______ (read/ write) phonetic transcription. 
Meine Schüler/innen im Englischunterricht der fünften Klasse können die phoneti-
sche Schrift ___ (lesen/schreiben). 
à Check any that apply 

 read write 
 lesen schreiben 
Valid Percentages   

 
22. Do you think that the use of phonetic transcription helps to improve the pro-

nunciation competence especially in a fifth grade? 
Haben Sie den Eindruck, dass der Einsatz von phonetischer Schrift gerade bei 
Schüler/innen einer fünften Englischklasse beim Erwerb einer guten Aussprache 
hilfreich ist? 
à Choose one of the following answers 

 Yes, definitely It helps for some students No I don’t know 
 Ja, eindeutig Bei einigen Schüler/innen Nein Weiß nicht 

Valid Percentages     

 
23. Which of the following English sounds do you rate to be the most difficult 

for English learners of a fifth grade? 
Welche der folgenden Laute halten Sie für Englischlerner einer fünften Klasse am 
schwierigsten? 
 

Vokale 
Vowels 

ɪ 
ship 

e 
bed 

ʊ 
took 

u: 
food 

æ 
flat 

a: 
last   

        
i: 

feet 
ə 

potato 
ɜ: 

third 
ɔ: 

pour 
ʌ 

rough 
ɒ 

what   
         

Diphthonge 
Diphthongs 

ɪə 
fear 

eə 
there 

eɪ 
play 

ɔɪ 
toy 

aɪ 
light 

aʊ 
tower 

əʊ 
float  

         

Konsonanten 
Consonants 

p 
past 

t 
tin 

k 
pack 

tʃ 
chicken 

f 
feel 

θ 
thought 

s 
silly 

ʃ 
shop 

        
b 

best 
d 

does 
g 

great 
dʒ 

large 
v 

volume 
ð 

these 
z 

zoo 
ʒ 

leisure 
1        
m 

meeting 
n 

knows 
ɳ 

song 
h 

heavy 
l 

lovely 
r 

writer 
j 

yellow 
w 

wild 
         

b) The answers are given with reference to total numbers (=n). 
 

Pronunciation & Language Background/ Aussprache & 
Sprachhintergrund 
24. What is the language background of your pupils in the fifth grade (in %)? 

Ihre Englischschüler/innen in der fünften Klasse haben folgende sprachliche Hin-
tergründe (in %)? 
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25. Do you think that the specific language background of an English learner 

accounts for specific pronunciation problems? 
Sind Sie der Meinung, dass Schüler/innen eines unterschiedlichen Sprachhinter-
grundes unterschiedliche Probleme in der Aussprache haben?  
à Choose one of the following answers 

 Yes No 
 Ja Nein 
Valid Percentages   

If yes, please answer the following question: 
26. Which pronunciation problems do you consider to be due to a specific lan-

guage background? 
Welche Ausspracheprobleme führen Sie auf den unterschiedlichen Sprachhinter-
grund einzelner Schüler/innen zurück? 

I) in total 142 participants gave valid answers (n=142). 
 
27. Which of the following sounds do you consider to be particular difficult for 

learners of the following languages? 
Welche der folgenden Laute halten Sie für Sprecher/innen der folgenden Spra-
chen für besonders schwierig? 

Vo
ka

le
 

Vo
we

ls 

 ɪ 
ship 

e 
bed 

ʊ 
took 

u: 
food 

æ 
flat 

a: 
last   

German         
Turkish         
Russian         
Polish         
Other         

 i: 
feet 

ə 
potato 

ɜ: 
third 

ɔ: 
pour 

ʌ 
rough 

ɒ 
what   

German      6   
Turkish         
Russian         
Polish         
Other         

Di
ph

th
on

ge
 

Di
ph

th
on

gs
  ɪə 

fear 
eə 

there 
eɪ 

play 
ɔɪ 

toy 
aɪ 

light 
aʊ 

tower 
əʊ 

float  

German         
Turkish         
Russian         
Polish         
Other         

Ko
ns

on
an

te
n 

Co
ns

on
an

ts
 

 p 
past 

t 
tin 

k 
pack 

tʃ 
chicken 

f 
feel 

θ 
thought 

s 
silly 

ʃ 
shop 

German         
Turkish         
Russian         
Polish         
Other         

 b 
best 

d 
does 

g 
great 

dʒ 
large 

v 
volume 

ð 
these 

z 
zoo 

ʒ 
leisure 

German         
Turkish         
Russian         
Polish         



An Empirical Investigation of Pronunciation Problems of Young FL Learners of English 

 225 

Other         

 m 
meeting 

n 
knows 

ɳ 
song 

h 
heavy 

l 
lovely 

r 
writer 

j 
yellow 

w 
wild 

German         
Turkish         
Russian         
Polish         
Other         

c) The answers are given with reference to total numbers (=n). 
 

Other/Andere 
German Deutsch (n=467)  
Turkish/Türkisch (n=196)  
Russian/Russisch (n=80)  
Polish/Polisch (n=53)  
Other/Andere (n=54)  

 

Pronunciation & Teaching perspective/ Aussprache & Lehrerperspektive 
28. Please rank the following activities according to the importance they have 

for you in the English lessons of the fifth grade.  
Bitte ordnen Sie folgende Aktivitäten gemäß dem Stellenwert, den Sie ihnen in ih-
rem Englischunterricht in der fünften Klasse beimessen. 

 
 

Grammar Vocabulary 
Training 

Listening 
Comprehen-

sion 
Pronun-
ciation 

Communicative 
Competence 

Reading 
Comprehen-

sion 
 Gram-

matik 
Wortschatz-

arbeit Hörverstehen Aus-
sprache 

Kommunikative 
Kompetenz 

Lese-
verstehen 

Valid 
Percentages       

 
29. Do you think that pronunciation exercises should be more strongly inte-

grated into English lessons? 
Sind Sie der Meinung, dass der Ausspracheunterricht im Englischunterricht stär-
ker verankert werden sollte? 
à Choose one of the following answers 

 Yes No 
 Ja Nein 
Valid Percentages   

 
30. Which aspects of pronunciation teaching do you find particularly interest-

ing? 
Welche Aspekte des Ausspracheunterrichts interessieren Sie besonders? 

d) in total 141 participants answered this question (n=141). 
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31. Would you like to take part in teacher training concerning pronunciation? 
Würden Sie gerne an Lehrerfortbildungen zum Thema Aussprache teilnehmen? 
à Choose one of the following answers 

 Yes No 
 Ja Nein 
Valid Percentages   

 
32. At what type of school are you teaching? 

An welcher Schulform unterrichten Sie? 
à Check any that apply 

 ~ 
comprehensive 

school 

~ integrated 
comprehensive 

school 

school for 
children with 

learning 
difficulties 

~ 
secondary 

modern 
school 

~ 
secondary 

modern 
school 

~ grammar 
school 

 Gesamtschule Integrierte 
Gesamtschule Förderschule Haupt-

schule 
Real-
schule Gymnasium 

Valid 
Percen-
tages 

      

 
33. Which English students do you mainly teach? 

In welcher Schulstufe unterrichten Sie hauptsächlich?  
à Check any that apply 

 Students at the ages of 
about 10-12 

Students at the ages of 
about 13-15 

Students at the ages of 
about 16-19 

 Unterstufe Mittelstufe Oberstufe 
Valid Percentages    

 
34. How many years have you been teaching English?  

Seit wie vielen Jahren unterrichten Sie Englisch? 
à Choose one of the following answers 

 
Less than 5 6-10 11-14 15-19 20-24 25-29 

More 
then 
25 

 Weniger als 5 6-10 11-14 15-19 20-24 25-29 Mehr 
als 25 

Valid Percentages        

 
35. What is your sex? 

Welchem Geschlecht gehören Sie an? 
à Choose one of the following answers 

 Male Female 
 Mann Frau 
Valid Percentages   
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10.3.3 Student Questionnaire 

Online-Questionnaire: Student Questionnaire  

A note on privacy: This survey is anonymous. 

Dear Student 

Thank you for taking part in this questionnaire about English pronunciation teaching. 
The following questions refer to your English lessons. It is very important that you 
answer the questions honestly. The questionnaire has NO impact on your English 
mark. It is only used to get your and your classmates’ opinion on English pronunciation 
teaching. If you have any questions, please don’t hesitate to ask and you’ll get further 
explanations. 
The questionnaire is anonymous, so, nobody – not even your teacher - knows about 
your answers. They are only important for the evaluation of the questionnaire.  
The questionnaire consists of 17 questions.  
 

Demographic Questions /Demographische Fragen 

 
1. Dear student! To match your questions without giving up anonymity, you need to 

use a code word. It consists of the first two letters of your name, the first two let-
ters of your surname and the first two numerals of your birth date e.g.:  Franz 
Böhme 01.01.1999 à FR BÖ 01 
à Please, insert your code word here: __ __ __ 
 

2. Which is your class?  
In welche Klasse gehst Du? 
à Choose one of the following answers. 

 Grammar School B Comprehensive School A 
Class 5a 5b 5c 5d Overall 5c 5d 5e 5f Overall 
Total           

 
3. When is your birthday? (Example: 15.12.1997)  

Wann bist Du geboren? 
à Please choose from the following chart.  
 

4. What is your school? à see next question 
In welche Schule gehst Du? 
à Choose one of the following answers. 
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o Grammar school 1 o Comprehensive school 2 
 

5. Are you male/female? 
Bist Du ein Junge/Mädchen? 
à Choose one of the following answers.  

o male o female 
 

6. What is your nationality?  
Welcher Staatsangehörigkeit gehörst Du an? 
à Check any that apply 

o German o Greek o Russian o American 
o English o Italian o Spanish o Chinese 
o French o Polish o Turkish  o Korean 
o Other : ____ 

 
7. What date is it today? 

Welches Datum haben wir heute? 
à Please, choose from the following chart.  
 

8. Which languages can you speak? What’s your level?  
Welche Deiner Sprachen kannst Du wie gut sprechen? 
à Check the answer that is most suitable to you.  

 Excellent; 
It doesn’t 
pose any 
problems 

Good; 
Although I 
sometimes 

make 
mistakes 

Average skills; 
I can exchange 
information on 
familiar topics 

Not very good; 
I can understand 
some words and 

contents 

 
I cannot 

speak the 
language 

German      
English      
French      
Latin      
Greek      
Italian      
Polish      
Russian      
Turkish      
Mandarin      
Persian      
Hindi      

 
9. Can you speak any other languages that are not listed above (see question 8)? If 

yes, which language is it and what is your level? 
Gibt es eine Sprache, die Du sprichst, die aber auf der voherigen Listen nicht auf-
getaucht ist? Wenn ja, welche und wie gut sprichst Du sie? 
à Please, write your answer in the following box. 

 Excellent;  Good; Average skills;  Not very good;   
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It doesn’t 
pose any 
problems 

Although I  
sometimes 
make 
mistakes 

I can exchange 
information on 
familiar topics 

I can understand 
some words and 
contents  

I cannot 
speak the 
language 

Other:___      
Other:___      

 
10. When did you start studying English at school? 

Seit wann lernst Du Englisch in der Schule? 
à Choose one of the following answers.  

o Year 1 o Year 2 o Year 3 o Year 4 o Year 5 

 
11. I’ve already studied English in kindergarten.  

Ich hatte schon Englisch im Kindergarten.  
à Choose one of the following answers. 

o Yes o No 
 

12. I’ve stayed longer than four weeks in an English-speaking country.  
Ich habe schon einmal länger als vier Wochen im englischsprachigen Ausland 
verbracht.  
à Choose one of the following answers.  

o Yes o No 

If yes;  
13. If yes, please tell me where you went. How long did you stay? 

Wenn ja, wo und wie lange warst Du im englischsprachigen Ausland? 
à Please, write your answer in the following box.  

 

 

Questions concerning pronunciation teaching /Fragen zur Aussprache 

14. Below there are some statements with regards to pronunciation teaching. Please, 
check any fitting statement. If you are unsure what box to tick, please choose the 
answer that is most likely. 
Bitte kreuze das für Dich zutreffende an. Wenn es Dir schwer fällt Dich zu ent-
scheiden, wähle die Antwort aus, die am ehesten Deiner Meinung entspricht.  
à Check any that apply.  

 Strongly 
agree 

Agree Rather 
disagree 

Disagree 

In my class everyone struggles 
with the pronunciation of English 
words 

O O O O 
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My English pronunciation is very 
good 

O O O O 

I think that the English 
pronunciation sounds strange. 

O O O O 

I really like English 
pronunciation exercises 

O O O O 

I would love to have a better 
English pronunciation 

O O O O 

One day I want to sound like a 
real English native speaker 

O O O O 

I don’t think that pronunciation is 
important because it is not part 
of any class tests.  

O O O O 

Doing pronunciation exercises 
in class is a waste of time 

O O O O 

I cannot understand the 
speakers on the audio material 
as they are always mumbling. 

O O O O 

It’s easy to understand the audio 
material in class 

O O O O 

It’s hard to understand each 
word in the English classroom 
I need to know how the words 
are pronounced in order to 
understand them.  

O O O O 

It’s possible to acquire a good 
pronunciation 

O O O O 

It’s difficult to pronounce English 
words as the writing doesn’t 
always match the pronunciation.  

O O O O 

 
15. What pronunciation aspects do you perceive as particularly difficult? 

Was an der englischen Aussprache findest Du besonders schwierig? 
à Please, write your answer in the following box. 

 

 
16. Do you like pronunciation exercises in your English lessons?  

Machen Dir Übungen zur Aussprache im Englischunterricht Spaß? 
à Choose one of the following answers.  

o Yes o No 
 

17. Which pronunciation exercises do you know?  
Welche Übungen zur Englischen Aussprache kennst Du? 
à Choose one of the following answers.  

o The teacher models the words/ sentences and we are repeating it/ them. 
o We use audio cassettes and CD’s  
o Other: ____________________________________________________ 
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10.4 Pronunciation Intervention: Teachers’ Manual 

10.4.1 Teacher’s manual: Introduction and vowels 
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Worksheet: Andy the Android 

The worksheet: “Andy the Android” by Bill Bowler (Bowler, 2005, p. 45) cannot be 
displayed due to copyright. It introduces the vocabulary needed for the pronunciation 
intervention in a visual format (e.g. touch your voice box, put your tongue between your 
teeth, breath out, etc.). The task is to match the new words to the articulatory gestures 
displayed by Andy the Android. In addition, the students have to practice the gestures 
themselves with the help of a “Simon says” activity.  
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/ɔ:/ /ɑ:/ /æ/ /ə/ 
walk 

all 
draw 

Laura 

/wɔ:k/ 
/ɔ:l/ 
/drɔ:/ 
/lɔːrə/ 

arm 
far 

grass 
aunt 

/ɑ:m/ 
/fɑ:/ 
/grɑ:s/ 
/ɑːnt/ 

bad 
thank 

clap 
lamb 

/bæd/ 
/θæŋk/ 
/klæp/ 
/læm/ 

an 
from 

Laura 
clever 

/ɘn/ 
/frɘm/ 
/lɔːrə/ 
/klevə/ 

 V1  V2  V3  V4 
Figure 10-7: Posters Vowels V1-V4 
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10.4.2 Teacher’s manual: Diphthongs 
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/ɪ/ /i:/ /ə/ /e/ 
/ɪə/ /əɪ/ 

year 
dear 

/jɪə/ 
/dɪə/ 

page 
grey 

/peɪdʒ/ 
/greɪ/ 

 D1  D2  D3  D4  D5  D6 
Figure 10-8: Diphthong Posters D1-D6 
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10.4.3 Teacher’s manual: Plosives 
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The vocal cords (Stimmbänder) vibrate for voiced consonants 

but there is NO vibration for voiceless consonants 
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/b/ /d/ /g/ 
 job 

web 
/dʒɒb/ 
/web/ 

bed 
bread 

/bæd/ 
/brɛd/ 

big 
egg 

/bɪg/ 
/ɛg/ 

 P1  P2  P3 
Figure 10-9: Plosive posters P1-P3 
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10.4.4 Teacher’s manual: Fricatives 

 

(Kenworthy, 1987, p. 137; Quetz, 1998, p. 51) 
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3(Kelly, 2000, p. 56) 
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(adapted from Language Avenue, 2009) 
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/z/ /θ/ /ð/ 

 
close 
does 

zip 
jeans 

/kləʊz/ 
/dʌz/ 
/zɪp/ 
/dʒiːnz/ 

thank 
thing 

maths 
thin 

/θæŋk/ 
/θɪŋ/ 
/mæθs/ 
/θɪn/ 

that 
than 
them 
paths 

/ðæt/ 
/ðən/ 
/ðem/ 
/pɑːðz/ 

 P1  P2  P3 
Figure 10-10: Fricative posters F1-F3 
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10.4.5 Teacher’s manual: Approximant 

 

(adapted from Bowler, 2005, p. 55; Hooke & Rowell, 1982, p. 244; Quetz, 1998, p. 
50f.)  
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10. Appendix 

 256 

4 (Bowen & Marks, 1992, p. 31; Quetz, 1998, p. 42) 
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/w/ 

   
walk 
one 

swing 
sweet 

/wʌn/ 
/wɔ:k/ 
/swɪɳ/ 
/swi:t/ 

 W1 
Figure 10-11: Poster Approximant W1 
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10.4.6 Teacher’s manual: Phonetic code chart 

 
Figure 10-12: Phonetic code chart 

10.4.7 Teacher’s manual: Video files 

The video files can be found online (see References).  

§ V1_Long_Vowel_Sound_a.mp4 (BBC, 2010) 
§ V2_Long_Vowel_ɔː_04.mp4 (BBC, 2010) 
§ V3_Short_Vowel_Sound_æ.mp4 (BBC, 2010) 
§ V4_Short_Vowel_Sound_schwa.mp4 (BBC, 2010) 
§ D1_When 2 vowels go walking.mp4 (Between the Lions, 2009) 
§ F1_th.mp4 (Sconda, 2008) 
§ W1_w_v.mp4 (BBC, 2010) 

10.4.8 Teacher’s manual: Audio files 

Due to copyright reasons the audio files couldn’t be included in the thesis. 

10.5 Results  
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Table 10-6: Mean approximant-vowel durations (in ms) and standard error by group, time and test 
item 

 

test item 

Intervention Control 

Mean approximant- 
vowel duration (ms) 

SE Mean approximant- 
vowel duration 

(ms) 

SE 

pre-test one 235.8 21.0 242.7 16.9 
post-test one 258.8 25.2 222.1 18.2 
follow-up-test one 251.5 20.6 231.3 22.1 
pre-test swing 187.1 11.3 198.8 17.7 
post-test swing 207.1 15.7 191.0 15.5 
follow-up-test swing 217.9 17.2 198.5 11.0 
pre-test wait 317.1 23.6 300.8 17.7 
post-test wait 345.4 37.7 286.7 20.5 
follow-up-test wait 318.8 23.8 295.0 11.6 
pre-test witch 160.0 11.1 137.1 8.3 
post-test witch 165.6 9.3 137.5 11.6 
follow-up-test witch 162.9 18.1 153.5 13.3 
pre-test total 225.0 34.5 220.0 34.7 
post-test total 244.3 38.6 209.3 31.3 
follow-up-test total 238.0 32.6 219.8 29.6 

 

Table 10-7: Mean pre-plosive vowel durations by time group and plosive 

 plosive 
Intervention Control 

Mean vowel 
duration (ms) SE Mean vowel 

duration (ms) SE 

T0 
pre-test 

/b/ 182.4 11.8 168.6 9.6 
/d/ 280.5 15.3 251.5 14.3 
/g/ 216.8 14.0 188.9 11.0 

T1 
post-test 

/b/ 215.0 13.4 174.0 10.4 
/d/ 328.7 19.2 238.5 13.7 
/g/ 242.1 14.9 187.8 9.9 

T2 
follow-
up-test 

/b/ 192.2 12.4 181.1 10.2 
/d/ 307.6 16.3 269.3 13.6 
/g/ 222.3 12.4 210.0 9.3 
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