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Abstract 
Research has demonstrated that pronunciation teaching can be effective, but there have been 
very few classroom-based studies that have focused on the perception aspect of pronunciation. 
This article explains the theory and practical application of a conceptual approach and reports 
on its impact on perception of English word stress. The quasi-experimental study (N=18) 
involved four fifty-minute lessons on stress in two-syllable words in a high-intermediate ESL 
class. The experimental (n=10) group was tested pre, post (mid-semester) and delayed (end-
semester) and the comparison (n=8) group was tested twice before receiving the instruction in 
the second half of the semester and being tested again. In line with a conceptual approach, the 
innovative testing method used moves beyond traditional identification tasks in an attempt to 
measure changes in participants' conceptual understandings. The tests showed large and 
significant gains in perception, which were retained eight weeks later. The comparison group 
made no gains, but after instruction improved on a par with the experimental group. This study 
presents an effective way of teaching pronunciation concepts, supported by theory, that also 
leads to improvements in perception. It informs and provides a template for both teachers and 
researchers who may want to replicate the study.  
Keywords: perception, word stress, concepts, L2 pronunciation, pronunciation teaching, 
conceptual approach, critical listening, socially constructed metalanguage. 
 

There is now a large amount of empirical evidence to show that explicit teaching can improve 
pronunciation (Lee et al., 2015). It is argued here that the precise nature of that explicit 
instruction plays a key role in its effectiveness. Underpinning such success is accurate L2 
speech perception, and more recently there have been studies that have focused on learners' 
perception and the degree to which perception can be changed through instruction and 
corrective feedback (Gomez Lacabex & Gallardo del Puerto, 2014; Lee & Lyster, 2016). 
Studies have also tested whether or not changes in perception are accompanied by changes in 
production (Huensch, 2016; Lee & Lyster, 2017). Rather than continuing with the discussion 
on how perception and production are related, this report takes a conceptual approach, a term 
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coined by Fraser (reported in Couper, 2021), a Cognitive Linguistic lens, which views both 
perception and production as dependent on understanding the concepts underlying L2 
phonological categories (Fraser, 2010). The aim here is to provide teachers with an empirically 
supported answer to the question of how they can help learners with perception.  

The study takes the case of English word stress. It proposes and tests a tightly defined and 
empirically and theoretically driven type of instruction, with a view to replication. The 
empirical and theoretical basis for instruction is explained in the literature review that follows, 
where I begin with what is known about learning L2 speech categories and their underlying 
concepts. This is followed by a review of what is already known about how teachers can help 
learners with speech perception as well as a consideration of what teachers actually do in the 
classroom. Finally, I bring the focus to the word, the role that stress plays in word recognition 
and the implications for teaching English word stress. This leads to the rationale for the 
proposed method for teaching and testing the perception of word stress. 

Review of Literature 

Learning How to Perceive L2 Speech Categories 

Speech categories here are taken to include the whole range of phonological categories such as 
phonemes, syllables, stress, and intonation. However, the vast majority of the research into 
learning L2 speech categories has focused on phonemic contrasts (Huensch & Tremblay, 
2015). Speech perception of phonemes can be visualised as a perceptual space in which we 
allocate different speech sounds, or phones, to particular phonemes. As Brown (2000, pp. 6-7) 
observes, “successful acquisition of phonological representations requires accurate perception 
of phonemic contrasts in the input." This is made particularly difficult because, as is well 
established in phonetics (For example, see Ladefoged & Disner, 2012; Port, 2007), the nature 
of speech is such that it is not simply a sequence of sounds that are combined to produce words 
and phrases. Lively et al. (1994) argue that a large amount of information is needed to learn L2 
speech categories because of a lack of acoustic invariance, linearity and segmentation. There 
is a lack of acoustic invariance because "each time a speaker produces a phoneme, a different 
acoustic form is generated" (p. 267), and this varies according to speakers, rate of speech, and 
phonetic context. There is a lack of linearity because "In natural speech, phonemes overlap and 
are coarticulated in order to achieve transmission rates of up to 10 phonemes per second" (p. 
266). Finally, lack of segmentation means "context-sensitive cues for phonemes, stress, and 
intonation contours must be used to aid in segmentation" (p. 268).   

Exposure to a wide range of exemplars is required to provide the information needed to 
establish or adapt categories. That is, we draw on episodic events, memories of particular 
examples, rather than generalisations in assigning sounds to categories (Pisoni & Lively, 1995). 
This understanding spurred many laboratory-based studies in which exposure to multiple 
speakers in multiple contexts, known as High Variability Phonetic Training (HVPT), was 
found to support L2 speech perception learning (Thomson, 2018). These studies have focused 
almost exclusively on phoneme categories, but a few have investigated perception of 
suprasegmental categories such as tone (Sereno & Wang, 2007), prosody (Aoyama & Guion, 
2007) and word recognition (Walley, 2007). More recently Huensch and Temblay (2015) have 
investigated syllable structure. 

HVPT in laboratory or computer-based settings helps learners with L2 speech perception. 
However, a classroom-based setting offers opportunities to move beyond identification tasks 
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with yes/no feedback. Unfortunately, there has been little classroom-based research into 
teaching perception. Gomez Lacabex and Gallardo del Puerto (2014) used computer-based 
training in the classroom with young learners and found both "auditory 
discrimination/identification practice and listen-and-repeat practice" (p. 500) improved 
perception. Lee and Lyster (2016, p. 40) is perhaps the only study to investigate adult 
"classroom-based perception training including L2 instruction and oral feedback provided 
during instructor-student interaction."  As they point out, there is a significant difference 
between laboratory-based perception training and a classroom context where instructor-student 
interaction may be used to work on perception. They used form-focused instruction aimed at 
getting students to notice target forms, which involved explicit instruction, input enhancement 
and awareness tasks. An important feature of their success was interaction with the teacher.  

Concepts and Implications for Teaching 

Assignment to a particular category relies on a mental representation, or concept, of the 
category (Murphy, 2002). In some cases, the concept is easily grasped, for example, chess 
pieces are either black or white and can be categorised accordingly. However, phonological 
categories are conceptually more difficult and forming an accurate understanding of those 
concepts requires multiple exposures in multiple contexts. Further, learners often need more 
than exposure to be able to conceptualise sounds in the same way that target language (TL) 
speakers do (Fraser, 2000). Cognitive Linguistics offers insights into how we can use our 
cognitive skills, such as the ability to notice, and compare and contrast, to learn these concepts 
(Mompean, 2014). Fraser (2000, p. 26) suggests that teachers need to "appreciate and 
imaginatively explore what the sounds seem like to the learners, gradually leading them to 
more appropriate ways of thinking about English pronunciation" and to explain pronunciation 
in relation to the way learners think about sounds rather than from the perspective of the English 
speaker. Beginning with the learner's perspective and their descriptions of how they perceive 
the TL, leads to the co-construction of commonly agreed terminology that can also be used 
later for feedback. The informal metalanguage that arises from this communication has been 
called Socially Constructed Metalanguage (SCM) (Couper, 2011). Support for this approach 
can be found in educational psychology where it is understood that student-teacher and student-
student interaction assists in the construction of meaning (Williams & Burden, 1997) and 
mediation by significant others enhances learning (Vygotsky, 1978). This interaction leads to 
co-constructed discourse (Gibbons, 2006) and underlies Swain's (2006) concept of languaging.  

In addition to the importance of effective communication between teacher and student, Fraser 
(2001) proposes Critical Listening exercises. In discussing how contrast facilitates concept 
formation, Fraser (2006, p. 91) says "The key contrast is not the contrast between members of 
a minimal pair, but the contrast between what the speaker intended to say and what a listener 
understood them to say." While there are parallels between HVPT and Critical Listening, there 
are also differences in that Critical Listening relies on the teacher to help learners to hear 
differences. Couper (2006, 2011, 2013) provided empirical evidence that Critical Listening and 
effective communication lead to significant improvements in learners' pronunciation of syllable 
codas. Couper (2011) found that the use of SCM without Critical Listening practice led to 
significant gains in production and smaller gains in perception, while Critical Listening without 
SCM led to significant gains in perception and lower gains in production. The two combined 
led to significant gains in both production and perception. This not only does support  the value 
of these two methods but also emphasises the point that concepts underlie both production and 
perception. 
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Teachers 

While there is evidence that noticing, explicit instruction, awareness tasks, computer-based 
identification tasks with corrective feedback, student-teacher interaction, and Critical Listening 
can all help with perception, this is often not reflected in classroom practice. Research into 
what teachers know and do, suggests that teachers make some attempt to teach pronunciation, 
but they tend to focus on production rather than perception (Couper, 2021). This teaching also 
tends to be teacher-centred, with little guided or free practice (Baker, 2014).  A longitudinal 
study by Burri and Baker (2021) found that teachers recognised the value of raising awareness, 
but their pronunciation teaching was also mainly teacher-centred. Teachers have reported 
activities that might foster perception, such as minimal pairs, listening discrimination, students 
recording themselves, dictation, and other listening tasks (Baker, 2014; Burri & Baker, 2021; 
Buss, 2016; Couper 2016, 2021). Couper's (2016) report on teachers in Uruguay found they 
tended to use traditional listening comprehension tasks for awareness raising, which both 
Cauldwell (2013) and Field (2008) suggest do not lead to pronunciation improvements. Instead, 
they propose a bottom-up approach to bring the focus to the actual nature of sounds in context. 
Couper (2021) found teachers were aware that students "often can't hear the difference" (p. 17) 
and needed help with perception. However, only two of the 19 participants knew how they 
could help learners with perception and the formation of phonological concepts. This lack of 
teacher knowledge is a further impetus for this study. It is hoped that by finding more empirical 
evidence to show what works in the classroom, teachers will be able to be better prepared to 
help learners with their speech perception.  

The Word 

Word stress is the process by which we make one part, or syllable, of the word sound more 
prominent than others. In the case of English, stress is created through a combination of length, 
pitch change, and loudness. In addition, unstressed syllables also undergo changes in vowel 
quality, that is the vowel itself changes and it becomes shorter (Cutler, 2015; Lewis & 
Deterding, 2018). Stress is thought of differently in different languages with different 
combinations of length, pitch, and loudness (Gussenhoven, 2005). There are also different 
ways of directing the listener's attention to the meaning. In English, the presence of something 
(the stressed syllable) is highlighted through the absence of something else, in this case the full 
vowel sound on the unstressed syllable. All these differences underscore that the concept of 
stress is language specific (Gussenhoven, 2005). In terms of achieving intelligibility, failing to 
reduce unstressed syllables is a much more important factor in the failure to recognize words 
than is putting the stress on the wrong syllable (Cutler, 2015). Field (2005) found that when 
non-native speakers use accurate stress they are more easily understood and Trofimovich and 
Isaacs (2012) found inaccurate word stress was worse than inaccurate grammar in terms of how 
it affected intelligibility. Although Jenkins (2000) suggested that word stress might not be 
important for speakers using English as a Lingua Franca (ELF), more recent findings (Lewis 
& Deterding, 2018; Deterding, 2013) suggest word stress is also important in ELF contexts.  

Therefore, learners, teachers, and textbook writers, must move beyond the traditional focus on 
where the stress is. They need to consider the concept of stress in English and compare it with 
concepts in other languages. For example, a speaker of a language that does not reduce 
unstressed vowels may put the stress on the correct syllable but give all syllables their full 
length so that to the English listener it sounds like every syllable is being stressed. Jung et al. 
(2017) identified three patterns of inaccurate stress “misplaced, multiple prominent stresses, 
absence of prominent stress” (p. 332). They also identified the role the learner's first language 
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plays in difficulties with word stress, which can be traced back to differences in the concept of 
stress. Because perception and production of word stress patterns may be difficult for L2 
learners (Field, 2005; Munro & Derwing, 1995), we need to help them fully understand the 
precise nature of stress, not simply where it is placed. While some learners acquire this concept 
easily, others do not, which is where the proposed teaching approach focusing on the formation 
of new concepts is particularly powerful.   

While we are interested in how learners produce stress, we also want to know how they 
perceive it, which provides insights into their understanding of the concept and helps provide 
a basis for teaching pronunciation. In order to understand learners’ perceptions, researchers 
have traditionally used discrimination or identification tasks. However, Thomson (2012) asked 
his participants how confident they were, and Couper (2006, 2013) had lengthy discussions 
with participants exploring exactly how they heard different words. The current study also 
moves beyond a binary approach in both teaching and testing to gain better insights into 
perception. This informs both teachers and researchers by helping to understand learners and 
the stage that they are at in developing their concepts of syllables and word stress, which is 
explained in the next section. 

Background and Aims of the Study 

This study aims to see how well the conceptual approach that effectively used Critical Listening 
and Socially Constructed Metalanguage (SCM) in teaching syllable codas (Couper, 2011) can 
be transferred to teaching word stress. The key principles of this approach are: 

1. Talk the same language (start with your learners' perceptions to make sure you are 
communicating effectively by using terms that you all understand in the same way - 
SCM). 

2. Compare and contrast perceptions (use Critical Listening to help learners understand 
the difference between how they perceive the TL and how expert speakers perceive it). 

3. Compare and contrast productions (note that good productions from students are just 
as good as native speaker productions) 

4. Lots of practice and feedback are needed (using SCM helps to ensure feedback is 
understood). 

The aim is to provide sufficient detail of the actual teaching to allow for replication of the 
study. The worksheets along with further explanations and teacher notes are provided in 
Appendix A. This study builds on an exploratory investigation by Couper (2012) and there are 
plans to replicate it as part of a larger project with colleagues in France, dubbed “Cognitive 
Phonology in Teaching and Evaluation of Perception" C-PTEP. Covid-19 has severely 
hampered opportunities to roll this out but I have been able to run one rendition with an intact 
class in New Zealand, which is being reported on here.  

One of the results of taking a conceptual approach is the realisation that concept formation is 
not an all or nothing process. For example, Couper (2011) reported that learners' descriptions 
of their perceptions could be divided into more fine-grained groupings. This arose from the 
teaching, but clearly has implications for the most appropriate method of testing. A binary test 
that establishes whether or not learners have correctly identified the correct production 
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overlooks some of these nuances. The most fundamental one is that learners may not hear a 
difference, which renders their response a pure guess. Secondly, they may have some feeling 
for what is correct, but may not really understand what it is that is salient to the expert speaker 
about the correct version. Thomson (2012), also attempted to take some of this uncertainty into 
account by asking participants how confident they were in their responses. Couper (2011, p. 
168) talked to participants as they made their responses to a Critical Listening task involving 
epenthesis in syllable codas and coded them according to whether or not epenthesis was heard 
and identified as an error:  

• No = Difference not heard, no awareness of significance of extra vowel.  

• Maybe = Correct answer chosen, place of error not clearly indicated, and lack of 
explanation to show understanding.   

• Probably = Correct answer chosen, place of error pinpointed but explanation did not 
clearly show understanding.  

• Yes = Correct answer chosen, place of error pinpointed, clear explanation provided.  

In attempting to transfer this scale to perception of word stress in a way that could also be 
identified through computer-based responses to prompts, the following scale has been used in 
this study (although the distinctions between 2, 3, and 4 will not be reported on here): 

0 = Cannot hear the difference, or say they find it difficult to hear it.  

1 = Can hear the difference but cannot identify the best choice.  

2 = Can hear the difference and identify the best choice, but no clear explanation.  

3 = As for 2 but can identify part of the reason for the difference, although not the 
salient one.  

4 = As for 2 but can also identify the salient difference (full understanding). 

This leads to the following research questions: 

1. How does a conceptual approach affect participants’ perceptions of word stress? 
2. What sorts of approaches to the measurement of perception does this teaching lend 

itself to? 

3. How well can a conceptual approach be applied to the teaching of word stress? 

Method 

Research Design 

The study collected pre- post- and delayed post data on speech production and perception, 
although only the perception data are presented here. An AB-BA design was adopted with an 
intact class. That is, half the class, the experimental group, received four lessons of concept 
focussed instruction rather than their regular instruction in the first half of the semester. The 
other half of the class, the comparison group, received the concept focussed instruction in the 
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second half of the semester. Table 1 provides an overview of the timing of tests and teaching 
interventions. 

Table 1. Research Design. 
Group Week 2 Week 3 Weeks 4-7 Week 7 Week 10 Weeks 11-14 Week 15 

Exp't 

n=10 

Pre-test Feedback1 Teaching2 Post-test 

n=10 

 Class Delayed3 post-

test n=9 

Comp 

n=8 

Pre-test Feedback Class  Re-test3 

n=8 

Teaching Post-test n=5 

Notes.  1. Feedback: All students were given feedback on pronunciation (not just on stress); 2. The intervention is 

referred to as "Teaching"; 3 There was an eight-week gap between post-test and delayed post-test for the 

experimental group and between the pre-test and the re-test for the control group. 

Participants 

The participants were attending a one-semester English language class in Auckland. The class 
was at a High Intermediate level and was designed for refugees and new migrants settling in 
New Zealand. Those who performed well on the course would also be in a position to attend a 
further one-semester pre-degree level course aimed at preparing students for undergraduate 
university study. There were 24 students in the class at the beginning of the course. Twenty-
one students agreed to participate in the study. Their mean age at the beginning of the study 
was 31 years and mean time in the country was 2.5 years. They came from a wide range of 
countries and language backgrounds. Although no attempt is made to relate L1 to the impact 
of instruction, the reader might like to get a feel for the wide range of participant backgrounds. 
See Table 2 for an overview of age, time in the country, L1, and the record of class and test 
participation.  

All students were given a test of both speaking and perception in the computer lab, in Week 2. 
They were given feedback on their pronunciation the following week, so that it served as a 
diagnostic for them, if they or the teacher wanted to follow up on any of the issues I identified. 
I did not focus on stress in this feedback, although I did not ignore it when there were problems. 
Participants were ordered according to their scores and then assigned alternately to one group 
or the other with the aim of having two groups of equal proficiency. This did not work perfectly 
as there was sometimes a mismatch between perception and production and because on the 
first day of teaching, some students initially assigned to the experimental group were not 
present, requiring a rapid reallocation of students who were there to the experimental group. 
Fortunately, the groups' mean scores on perception were quite similar: 6.9/12 for the 
experimental and 7.1/12 for the control group.  

After four weeks of teaching, all ten students completed the post-test, and nine completed the 
delayed test, 8 weeks later. Numbers for the comparison group were a little lower. Of the eleven 
students initially assigned to that group, only eight completed both the pre-test and the second 
test eight weeks later. Of these only five availed themselves of the concept-focused teaching 
later in the semester and completed the post-test. 
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Table 2. Overview of participants and participation. 
Experimental Group 

Student Code Age Time Language Classes attended 

AE 44 4 Cantonese 3 

BE 19 0.5 Japanese 4 

CE 40 3.5 Arabic 3 

DE 31 3 Arabic 4 

EE 21 2.5 Tamil 4 

FE 41 2 Tamil 4 

GE 18 0.2 Japanese 4 

HE 53 2 Dari 4 

IE 30 3 Farsi 4 

JE1 19 3 Mandarin 4 

Comparison Group 

AC 26 1 Khmer 4 

BC2 21 2 Japanese 0 

CC2 34 5 Mandarin 0 

DC2 38 6 Farsi 2 

EC 19 1 Tigrinya 4 

FC 40 4 Spanish 4 

GC 24 2 Indonesian 4 

HC 43 1 Mandarin 3 

Notes. 1 missed delayed test; 2 missed post-test 

The Teaching 

There were four fifty-minute lessons, held in a computer lab so that participants could easily 
make and listen to recordings. However, they were also asked to move away from the 
computers for various classroom activities and interactions.  

The underlying theory and rationale for this conceptual approach to teaching have already been 
explained, as has the approach to word stress. 

The items for teaching, and testing, were two syllable words taken from the most frequently 
occurring members of the word families in the Academic Word List. They have been ordered 
according to New Zealand English stress patterns, as shown in Appendix A. The most common 
are: Stress on the first syllable, with a schwa or /I/ on the second syllable (Type 1); and schwa 
or /I/ on the first syllable, and stress on the second syllable (Type 2). I have collapsed the 
remaining variants under the category of stress on the first syllable and the full vowel retained 
in the second syllable (Type 3). A few additional words which are commonly mis-stressed, 
such as breakfast, were also added. 
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Lesson one (see worksheets and description of teaching procedure in Appendix A). The 
teaching focus was on the introduction of the concept of the syllable in English and comparing 
this with the concept in other languages, followed by introducing the concept of word stress in 
English, then in other languages.        

The teacher began with the introduction of a friend called Graeme and wrote the name on the 
board. They then asked how many parts the students heard. Answers ranged from one to five. 
The next step was to explain that Graeme is Kereama in Maori and go through the same 
procedure leading to the conclusion that Maori heard four parts in Graeme and that syllables 
are different in different languages. The third step was to focus on students’ names and talk 
about the differences in perception of the number of syllables confirming that the idea of the 
syllable is different in different languages, that there are different ways of hearing syllables. 
Students recorded their answers and did further practice in identifying syllables (completed for 
homework) on Week 1 Worksheet 1 (See Appendix A). 

The second half of the lesson introduced the concept of stress, returning to the name Graeme 
and asking for the difference between the two parts. Answers included descriptions such as 
stronger, longer, pressure, emphasis, tone is going up/down, accent and stress. Students’ 
attention was also drawn to how the role of destressing and changing the vowel in the 
unstressed syllable. They used words such as smaller, quieter, and shorter. These were of 
course all words that could be used later in instruction and feedback. English was then 
compared with Maori stress and then with other languages. The teacher used circles on the 
board (as shown in Week 1 worksheet 2) and asked learners to work out stress patterns for their 
names and the names of others in the class, exploring different perceptions of stress amongst 
people with different L1s.  

Lesson Two. This lesson began with Critical Listening, based on the pre-test (See Appendix 
A, Week 2, worksheet A). As a single group, students listened to the examples of students’ 
speech, wrote down what they heard, and then discussed the different ways in which they heard 
the words. They then ordered the words according to the stress pattern. This was followed by 
students recording words, first Type One (stress on first syllable) and then Type Two (stress 
on second syllable), on their own and in sentences, and listening back to self-evaluate. (See 
Week 2. Worksheet B and Worksheet C). These formed the basis of the Critical Listening 
practice for week 3. 

Lesson Three.  The focus of the teaching in week three was on Critical Listening based on the 
participants' recordings. (See Week 3. Worksheet A and Worksheet B) 

Lesson Four. The focus of this lesson was revision and further practice, using a card game that 
required accurate perception and production to achieve communication. (See Week 4. 
Worksheet A – with comments). 
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Teaching Received by the Comparison Group. 

These activities from their course book, Unlock: Listening and speaking skills 3 (Ostrowska, 
2014), were used by the class teacher while the experimental group was with me.  

1. Unit 1, p. 29: focus on “signposting phrases” being pronounced as a complete phrase 
and underling the stressed syllable in each phrase. Also on p. 72 on stress changes 
according to word class. 

2. Unit 2, p. 37: focus on pronunciation of final consonants. Also pronunciation of regular 
past tense endings on p. 63. 

3. Unit 3, p. 55: Weak forms and connected speech. 

4. Unit 4, p. 77: “Underline the syllable which has the most stress in each phase”. 

In the second half of the semester, while students in the comparison group attended the concept-
focused instruction the others from the experimental group also covered the exercises below. 
In talking to the class teacher after the semester, she did comment that when she gave the 
experimental group this instruction, they seemed to understand it and carry out the activities 
much more easily. 

Data Collection and Analysis  

The data was collected in the computer lab using Voice Thread (n.d.). The items used in the 
perception test were: occur, obtain, credit, constrain, constant, commit, breakfast, percent, 
emerged, wages, licence, sector. The original intention was to only include 6 of the 12 
perception test items in the teaching (occur, constrain, constant, commit, breakfast, emerged). 
Unfortunately, as the teaching progressed and minor tweaks were made, two of the other test 
items were inadvertently added (obtain and percent). 

For each of the 12 words, chosen from difficulties that students had experienced two sound 
files were created from student recordings, one where the stress was incorrect - either in the 
wrong place or on both syllables, and one where it was correct. There were three slides for each 
word pairing (Voice Thread, (n.d.) works on slides and moves from one to the next. One can 
select record or type in a text box). So, the participant would see, for example, these slides for 
the word "occur", shown in Figure 1. 

 

Figure 1. Screenshots of Voice Thread (n.d.) slides. 
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The first slide attempts to determine whether or not the participants can hear a difference. This 
was coded as Yes, No, or Maybe. In the analysis, No and Maybe were conflated into one 
category. The second slide attempts to establish if participants can identify the most accurate 
use of word stress. If they said both were the same, this was conflated with choosing the wrong 
option. The third slide asked them to try and explain the difference orally. The data from the 
third slide becomes relevant for those who can hear a difference and can accurately choose the 
most accurate version. It provides a more qualitative description of their understanding of the 
concept of word stress and how this changed and will be the subject of a follow-up report. 
Therefore, the main focus here is on whether or not participants could both hear a difference 
and accurately choose the most accurate version.  

The perception results from the first two slides described in the previous paragraph and shown 
in figure 1, were transferred to an SPSS data file. A colleague double-checked that this was 
done accurately. This led to three columns for each time: hears diff, correct, hears diff + correct. 
The various statistical procedures used are described in the results section. 

Results 

As has already been argued, this study aims to move beyond discrimination and identification 
tests and focus more on the degree to which learners understand the target concept. This report 
is limited to whether learners hear the difference, and where they do, if they identify the most 
accurate form. Therefore, the analysis focuses on these results.   

The results across a number of statistical tests show large and significant gains in perception 
for the experimental group and that these gains were largely maintained over time (See 
Appendix B for more detailed reporting of the statistical method and results). The comparison 
group made no gains over time, but those who received the instruction following their repeat 
test made gains similar to the experimental group. Firstly, the Mean scores for being able to 
both hear the difference and choose correctly are depicted in Figure 2. These scores are out of 
12 and show the ten learners in the experimental group improved from a mean of 6.9 at time 
one to 9.6 at time two, following instruction. Nine of these learners re-sat the test eight weeks 
later, achieving a mean score of 9.4. By way of contrast, the eight learners in the comparison 
group, which had their normal lessons with some pronunciation exercises, made no gains over 
the eight weeks between the test at time one (M = 7.1) and at time two (M = 7.0). This group 
was given the opportunity to attend the instruction, with the five who did so scoring a mean of 
9.2 on the test post-instruction. 
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Note. This shows the mean score out of 12, "hear the difference and choose correctly". 

Figure 2. Perception test results for both groups at three times. 

Descriptive statistics, presented in Table 3, indicate large gains from concept-focussed 
teaching. The lack of any overlap between the confidence intervals for T1 and T2 for the 
experimental group gives strong support to the claim that this is a clear difference in results. 
Both parametric and non-parametric tests were also run, all providing evidence that the gains 
made following instruction were both large and significant. Table 4 shows the individual results 
for participants. Here it is clear that they all made at least some gains following instruction. 
This is reflected in a Wilcoxon signed rank test confirming the significance of the findings, 
with 10 positive differences, W = 55.0, and p = .005. A paired samples t-test supports these 
findings with t = -5.449. SD = 1.6. df 9, p = .000 for the experimental group between time one 
and time two. In addition, a Bayesian factor analysis strongly supports the conclusion that the 
instruction was effective with a B10 value of 86.91 and a large median effect size of -1.485.  

Table 3. Descriptive statistics for "hear the difference and provide correct answer". 
Group and Time Mean/12 Confidence Interval Standard Deviation 

Expt Group T1 (n=10) 6.9 [5.5-8.2] 2.5 

Expt Group T2 (n=10) 9.6 [9.0-10.2] 1.3 

Expt Group T3 (n=9) 9.4 [8.2-10.7] 1.8 

Comp Group T1 (n=8) 7.1 [5.0-9.0] 3.3 

Comp Group T2 (n=8) 7.0 [5.4-8.6] 2.8 

Comp Group T3 (n=5) Post teaching so now combined with Expt Group T2 

Exp+C n=15) pre-teach 6.4 [5.3-7.5] 2.4 

Exp+C (n=15) post-teach 9.5 [8.6-10.3] 1.8 
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Table 4. Individual results for Expt and Comp groups, perception (hear diff + correct) 
across three times. 

Expt AE BE CE DE EE FE GE HE IE JE 

T1 7 6 2 5 9 9 6 11 6 8 

T2 9 10 8 9 11 10 8 12 9 10 

T3 9 10 7 10 11 11 7 12 8 -- 

Comp AC BC CC DC EC FC GC HC   

T1 4 10 10 9 1 7 10 6   

T2 4 10 10 9 4 6 9 4   

T3 10 -- -- -- 12 8 11 5   

Further tests were also run on the results for identifying the correct version, regardless of 
whether they could hear a difference. Here the experimental group improved from a mean of 
7.7 at time one to 9.7 at time two. A paired samples t-test finds this significant (t = - 4.243) at 
p = 0.002, with a large effect size of d = 2. A Wilcoxon signed rank test also finds a significant 
effect for instruction (W = 45, p = .007, and 9 positive differences, 1 tie). In summary, even 
though the starting point was higher (at 7.7/12) when excluding participants' ability to hear a 
difference, evidence of clear progress was still found. 

Finally, there is the consideration as to whether or not this learning can be extended to other 
contexts. As already noted, it was intended to only teach half of the tested items but in the event 
eight were taught, making an analysis of an impact difficult to quantify. However, a comparison 
of immediate pre-test with immediate post-test scores on non-taught items shows an average 
of 56.9% (57.7% overall) compared with 71.7% (79.2% overall). On the surface, it seems that 
some learning may have extended to other contexts, but it is not possible to say how much. 

Discussion 

This section considers the findings in relation to the research questions before addressing 
some of the limitations and implications for teaching and further research. 

RQ 1. How does a conceptual approach affect participants’ perceptions of word stress? 

The study found a significant and large effect for the approach used, providing further evidence 
to support the inclusion of an explicit focus on perception when teaching pronunciation. It also 
found that the majority of these gains were retained over time. In addition to showing that the 
findings for syllable codas (Couper, 2011) could be extended to word stress, it also supports 
Lee and Lyster's (2016) findings that teaching can improve perception. This complements other 
findings that HVPT can help learners in a self-study situation (Thomson, 2018) and answers 
the question as to what the teacher can do to help. It also extends the teaching of perception 
beyond the common phoneme target (Thomson, 2018) to aspects of pronunciation that have so 
far received little research attention. The majority of studies have tended to focus on phonemes, 
with just a few looking at other aspects of pronunciation such as syllable codas (Couper, 2011; 
Huensch & Tremblay, 2015), tone (Sereno & Wang, 2007) and prosody (Aoyama & Guion, 
2007). This was a relatively short intervention focusing on word stress in two-syllable words, 
but it found that by helping learners to understand the underlying concept of word stress they 
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were able to improve their perception and largely retain those improvements. By focusing on 
the underlying concept, it is expected that the chances of long-term retention are increased.  

RQ2. What sorts of approaches to the measurement of perception does this teaching 
lend itself to? 

The approach to measuring changes in perception is a key consideration in this study. Unlike 
most studies that have used identification or discrimination tasks, this study started from the 
standpoint that perception is not an all or nothing issue. In using identification tasks, the 
student's response is either right or wrong. However, as we form phonological concepts in the 
new language we start with a very approximate idea and slowly sharpen up the boundaries 
between those concepts. Rather than simply saying which one is better or identifying the odd 
one out, the aim is to find a measure that better reflects the status of the learner's concepts. 
Thomson (2012) did ask participants how confident they were with their answers, which 
reveals useful additional information. Couper (2011) was dissatisfied with what was revealed 
in the discrimination tasks he had previously used and walked his participants through exactly 
how they interpreted what they were hearing, with regards to syllable codas. This enabled the 
development of a scale to describe the extent to which the participants understood the concept 
of English syllables (no, maybe, probably, yes). Here, in the case of word stress, an attempt 
was made to adapt this to computer-based data collection, to allow for greater efficiencies. The 
levels of conceptual understanding identified here were: 0) cannot hear the difference (very 
limited understanding), 1) can hear the difference but cannot identify the best choice, 2) can 
hear the difference and can identify the best choice, 3) as for 2 but can identify part of the 
reason for the difference, although not the salient one, and 4) as for 2, but can also identify the 
salient difference (full understanding). Results to level 2 have been presented here, namely, 
whether or not they can hear the difference and if they can identify the best choice. Results for 
the distinction between levels 2, 3, and 4 require a more qualitative treatment for which there 
is no space here. Nevertheless, even taking into account levels 0-2 is a move away from the 
standard binary assessment and helps to shed light on concept formation. This is seen as 
particularly important as concept formation is central to the aim of the teaching approach being 
promoted.  

RQ 3. How well can a conceptual approach be applied to the teaching of word stress? 

The teaching here is based on the notion that learners often need more than exposure to 
conceptualise sounds in the TL and that they can be helped through drawing on their cognitive 
skills. These might include the ability to notice, and compare and contrast (Mompean, 2014). 
In this teaching, I attempted to understand how the participants heard word stress and used this 
as a basis for explanations and feedback, leading to the development of socially constructed 
metalanguage (SCM) (Couper, 2011). They used words such as stronger, longer, louder, 
pressure, emphasis, tone is going up/down, accent and stress. In talking about the unstressed 
syllable, they used words such as smaller and shorter. It is argued that the success of such 
communication is pivotal in effective teaching. The other related factor is the use of Critical 
Listening practice which allows learners to explore and understand the boundaries between 
different phonological categories (Fraser, 2001, 2006a). Through this teaching, it was quite 
easy to apply the conceptual approach developed in relation to syllable codas to the teaching 
of word stress.  

These results detail the importance of focusing on concept formation, through the use of 
Critical Listening and Socially Constructed Metalanguage, in helping learners to improve 
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pronunciation. While the argument may continue as to the relationship between perception and 
production, this approach focuses instead on the role of understanding the concept behind 
phonological features such as word stress. It was seen that learners need to understand the 
concept of both the syllable and word stress in order to be able to adequately perceive and 
produce it. At one level, it may be noted that with English one really needs to learn the stress 
pattern along with each word, unlike in other languages where patterns are more predictable. 
However, it is argued that there is a more important underlying issue which is the conceptual 
nature of word stress, that it involves much more than just knowing where to place the stress. 
This means that teachers need to make sure they focus not just on placement but on all the other 
aspects of stress, in particular, what is happening to the unstressed syllables. 

Limitations 

Although the teaching did not focus specifically on the tested items, eight of the 12 items were 
included in Critical Listening work, which was not initially planned. The original intention was 
to include only six in the teaching but as the items for Critical Listening practice were collected 
from student recordings throughout the study, I took two additional words from the perception 
test without noticing until after data collection. In the future, it would be better to evenly split 
the number of test items taught. One might also consider increasing the number of test items, 
but of course that is always a delicate balancing act, especially when working within the 
constraints of a classroom context. 

Further data was also collected regarding responses to the open-ended question asking 
participants to explain why one version was better than the other, which was designed to 
distinguish between levels 2, 3, and 4 as described above. This has not been presented here, as 
there were a number of technical difficulties that arose as a result of doing this via computer 
rather than face-to-face. While there appeared to be more understanding expressed after 
instruction, in the delayed post-test several participants did not provide full explanations. The 
presentation of this analysis requires a more detailed qualitative approach that there is no room 
for in the space of this article. 

Implications 

There are a number of implications for teachers, and researchers who may attempt to replicate 
this study. Teachers should incorporate a focus on both perception and production in their 
teaching. The best way to do this is by focusing on development of underlying concepts. To be 
able to teach word stress, learners need to understand the concept of the syllable, so consider 
ways first of all to increase awareness of the differences in this concept in English and their 
L1s, before moving on to a focus on word stress. Ideally, a diagnostic test would be helpful in 
setting priorities for learners and in helping them to become more aware of areas of difficulty. 
The recordings collected during diagnostic testing can be used to create Critical Listening 
activities. These activities can be used to further raise awareness and to help teachers 
understand how their students hear the TL. Students can listen multiple times on their own to 
try and hear these differences, but they also benefit from teacher guidance in helping them to 
interpret these concepts. The teacher should bring the focus to the reduction and vowel change 
occurring in the unstressed syllable so that when they produce these words, they avoid the 
common mistake of stressing every syllable. Get students to make further recordings so that 
they can check their own and each other's production and get appropriate feedback as they 
continue to adjust their conceptual understanding. Remember that this also needs to be 
meaningful and needs to lead to freer practice. In this set of lessons, we finished with a card 
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game, but with a little more time, further free practice such as a role play would be 
recommended. Most importantly, teachers need to start with learners' understandings and get 
them to explain how they perceive speech. Teacher explanations risk being confusing if they 
are couched in TL terms rather than in terms the students understand. Researchers would 
ideally also be the teachers, or at the very least they need to work cooperatively to ensure 
teachers understand the rationale behind the approach being taken so that they can adjust their 
teaching in the real-life interactions of the classroom. 

Conclusion 

This study has provided a detailed description of a particular type of instruction, explained 
further through the notes and worksheets in Appendix A (also available on IRIS:  
https://www.iris-database.org/iris/app/home/detail?id=york:940132 ). This report has focused 
on the impact on perception of word stress because there is a clear need for more empirical 
evidence and practical explanation of how teachers can help with perception. While teachers 
use minimal pairs and discrimination type activities these are limited unless teachers also work 
with students to increase awareness of the underlying concepts behind this perception. The 
approach presented here includes work on production, but this report has focused on perception 
because it tends to be neglected, and there is little guidance for teachers on how to teach it. The 
argument is that pronunciation requires both perception and production, and that the best way 
to develop both is to foster the formation of L2 phonological concepts. I would like to 
encourage other classroom researchers to consider replicating this study. To this end, I will 
work on further guideline instructions and would encourage anyone who is interested to get in 
touch. There will be a need to adjust the individual worksheets according to local conditions, 
and of course, if you have more time, you could extend the focus beyond two-syllable words. 
The data for this study was collected just before lockdown for Covid-19, and ongoing 
disruptions have hampered the collection of further data. 
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Appendix A. Teacher notes and worksheets 
Overview of a study for replication. 
There are two main aims for this project: “Cognitive Phonology in Teaching and Evaluation of 
Perception" C-PTEP. 
1.  to test the effectiveness of a particular method of teaching pronunciation, using the case of 
word stress (the method has been developed and tested by me and is based on the classroom 
application of Cognitive Phonology), and  
2. to test the value of using a scale to describe and measure learners’ perception and 
improvement in perception following instruction both immediately and over time (This 
measurement scale is novel and has been developed by me to provide a more finely grained 
measure of speech perception than is typically used by other researchers). I also have 
colleagues in France who are planning to replicate this study, and I would invite others to 
replicate it too. 
The project involves a series of four forty-minute lessons and pre- post- and delayed testing of 
speech perception and production. 

Items for teaching and testing:  
I have taken these from the most frequently occurring members of the word families in the 
Academic Word List. Available at:  
https://www.victoria.ac.nz/lals/resources/academicwordlist 
I then ordered them according to stress pattern, as shown in table 1. Obviously the most 
common are: Stress on the first syllable with a schwa or /I/ on the second syllable (Type 1) and 
schwa or /I/ on the first syllable and stress on the second syllable (Type 2). I have collapsed 
the remaining variants under the category of stress on the first syllable and the full vowel 
retained in the second syllable (Type 3). 
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There are a few additional words from an earlier exploratory study that have been added as I 
have already established that they caused problems and have recordings. 

Tests: Pre- Post- and Delayed-Post 
Pre-test 1: reading words alone and in sentences (10 Type 1, 10 type 2), and extemporaneous 
speech (based on a picture story) 
Words plus sentences: 

1. Breakfast: I ate fruit for breakfast. 
2. Channel: It is good to channel your efforts into one project. 

3. Collect: I collect the mail every morning. 
4. Commit: You should commit yourself to your studies. 

5. Constant: Inflation is a constant threat to the economy. 
6. Constrain: A lack of money will constrain what I spend. 

7. Credit: Give the lecturer credit for all the work he does. 
8. Emerged: He emerged from the cave. 

9. Enhanced: She enhanced her chances of winning the race. 
10. Functions: I cannot use many of the functions on my phone. 

11. Label: The writing was so small he could not read the label. 
12. Licence: Have you got a licence? 

13. Obtain: It is difficult to obtain those things. 
14. Occur: It did not occur to him. 

15. Percent: The bank offered three percent interest. 
16. Precise: Please be precise in your measurements. 

17. Removed: The name was removed from the list. 
18. Sector: The tertiary sector needs more money. 

19. Valid: Your complaint is valid. 
20. Wages: Teachers need higher wages. 

There were also errors amongst other words in the carrying sentences. These will be noted 
separately and checked again in the post-test and delayed post-test. The words were: efforts, 
project, threat, economy, lecturer, chances, interest, measurements, tertiary, complaint. 
Picture story: Students have to tell a story based on a picture. I will evaluate it by counting the 
number of syllable and word stress mistakes. Will need to measure this against the total number 
of multi-syllable words used. Keep separate measurements for 2-syllable words as these are 
the focus of the current instruction. Reflection: This part of the test was not very effective at 
gathering data in a computer-based setting so would need to be collected face-to-face or 
reframed. 
Pre-test 2: speech perception. Twelve of the most challenging words from Pre-test 1 are 
chosen, sound tracks of the words are cut and pasted into separate files so that there is one 
example with accurate word stress and number of syllables (number of syllables on the basis 
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that syllables underlie the production of stress) and one example where the stress is not so good. 
In two cases these difficulties revolve around syllables as well (emerged and wages).  
The items were (the number in brackets refers to the speech sample that was best, either 1 or 
2): occur (1), obtain (1), credit (1), constrain (2), constant (2), commit (2), breakfast (2), percent 
(1), emerged (2), wages (1), licence (2), sector (2). 

Outline of teaching with worksheets. 
Note: This was originally designed with eight twenty-minute weekly sessions, but I 
conflated it into four forty-minute weekly sessions. Classes held in the computer lab. 
Week 1 – Part A: 20 minutes. Introduction to concept of syllable in English and 
comparison with other languages. 
Syllables: Start with introduction, this is my friend Graeme (with picture) T writes name on 
board. How many parts do you hear in his name “Graeme”? Elicits 2/3/4. His name in Maori 
is Kereama. How many parts? 4. Tells me that Maori heard 4 parts in Graeme. So it’s different 
in different languages. What about your names? Going around the class we see how different 
speakers perceive the number of syllables in each other’s names. Conclusion that the idea of 
the syllable is different in different languages, that there are different ways of hearing syllables.  
Practice: Listen to these words (see worksheet). How many syllables do you hear? (Check the 
meanings of the words for homework). 
Week 1 – Part B: 20 minutes. Introduction to concept of word stress in English and 
comparison with other languages. 
Stress: Look at the name again: Gra / eme. What’s the difference between the 2 parts? Elicit 
descriptions longer stronger etc. Compare English with Maori stress and then with other 
languages. Use circles on board (as shown in worksheet 2). Learners work out stress patterns 
for their names and the names of others in the class, exploring different perceptions of stress 
amongst people with different L1s: Group discussion (as indicated in worksheet 2). 
Focus on how stress is formed, especially through destressing and changing the vowel in the 
unstressed syllable (At this stage examples will be limited to this pattern). 



 

TESL-EJ 26.1, May 2022 Couper 4 

 



 

TESL-EJ 26.1, May 2022 Couper 5 

 
Week 2 - Critical Listening 1; stress, exploring difference:  
[In preparation, prepare examples from pre-test 1 of words that caused difficulties. These will 
include the ones used in pre-test 2, but if possible, add others as we want to include half of the 
words used in pre-test 2 in the teaching materials]. 
Whole class, get students to listen to the examples, write down what they hear, and then discuss 
the different ways in which they heard the words (see Week 2 Worksheet A). (If possible, use 
students’ own recordings from pre-test). This is followed up with participants recording 
examples of Type 1 and Type 2 patterns on Voice Thread (See Week 2 Worksheets B and C). 
I got them to make both lots of recordings so I could prepare some critical listening practice 
based on them for the following week 
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Week 3. Start with Listening Type One (Stress on first syllable). After group and class 
discussion of the differences, students then work on computers first listening on Voice Thread, 
then doing extra practice, recording themselves and comparing. They do this first at the level 
of the word, then the sentence (See Week 3 Worksheet A). They then go through the same 
process with Type Two (Stress on the second syllable). See Week 3 Worksheet B. 
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Week 4 – Part A: Revision and introduction of Type Three 
Revision of two types of word stress pattern and introduction of the third, less common one 
where there is no reduction. Listening and placing words in correct column as in Week 4 
Worksheet A. Ideally one would get students to record the three patterns, and if there were time 
do further Critical Listening based on them. 
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Week 4 Part B: Practice with card game 
Although the real focus is on Types 1 and 2, Type 3 introduces a bit more of a challenge for 
the better students as well. 
Overview 
40 cards: each one with a word and a short sentence or phrase. The aim then is to get rid of all 
your cards. 3 suits: Type 1 (16 cards), Type 2 (16 cards), Type 3 (8 cards). See cards below. 

Game instructions and rules:  
Remember the different stress patterns:  

Type One: Stress + reduced/very short vowel. e.g. constant 
Type Two: Reduced/very short vowel + stress. e.g. commenced 

Type Three: Stress + full vowel. e.g. access 
To play this game you have to pronounce and hear these patterns correctly. 

You have five cards. Each one has a word, and the word in a sentence on it. 
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The first one with no cards is the winner. 
Rules  
Groups of four or five players.  
Player a: deal 5 cards to each player.  

Player b, to the left of the dealer: read out what is on your card.  
Player c, to their left: If you have a card with the same stress pattern, read out the word and 
sentence.  (If you don’t, pick up a card. That is the end of your turn).  
Players b and c: Show each other your cards to check.  

• The number in the top left-hand corner can be used to confirm the answer.  

• If they are correct, the two cards are put to one side.  

• If they are not correct, player c keeps both cards (or whoever used the wrong stress 
pattern) 

Player c: Read out what is on one of your other cards. 
Player d, to their left: If you have a card with the same stress pattern, read out the word and 
sentence… 
And so on, until someone has no cards left. 

Cards used in card game (reduced in size) 
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Appendix B. Details of statistical method and results 
Following suggestions from Larson-Hall (2015), the following descriptive statistics are 
presented showing means (M), using BCa bootstrapping for 95% confidence intervals (CI) and 
standard deviations (SD) in an endeavour to make the statistics as robust as possible. See Figure 
2 for an overview of results on perception tests, Table 3 for descriptive statistics, and Table 4 
for individual results. Following this, paired samples t-tests were run, using 95% bootstrapping 
(Larson-Hall, 2015) to further increase the accuracy of the CI, which helps to overcome any 
failure to meet the conditions for parametric tests, such as the assumptions of normality and 
equal variances which may not be met here. Finally, a Bayesian paired t-test was run before 
considering the results of non-parametric tests. 
Firstly, descriptive statistics for the ten participants in the experimental group were analysed 
for means, confidence intervals and standard deviations. Scores, out of 12, increased between 
time 1 (M = 6.9, 95% BCa bootstrap CI [5.5-8.2], SD = 2.5) and time 2, where there was also 
a reduction in the SD (M = 9.6, CI [9.0-10.2], SD = 1.3). Results for the nine participants who 
re-sat the test at time 3 (n = 9), eight weeks later, were compared with their results from T2 (n 
= 9), showing a small reduction in scores from time 2 (M = 9.6, CI [8.8-10.4], SD = 1.3) to 
time 3 (M = 9.4, CI [8.2-10.7], SD = 1.8). In percentage terms this represents an increase from 
57.5% on the pre-test to 80% on the immediate post-test, dropping back slightly to 78% in the 
delayed post-test. 
Between time 1 and time 2, the comparison group had their normal lessons including some 
pronunciation exercises. Their test results for time one (M = 7.1, 95% BCa bootstrap CI [5.0-
9.0], SD = 3.3) and time two (M = 7.0, CI [5.4-8.6], SD = 2.8) showed little change.  

 
Note. This shows the mean score out of 12, "hear the difference and choose correctly". 
Figure 2. Perception test results for both groups at three times. 
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Table 3. Descriptive statistics for "hear the difference and provide correct answer". 

Group and Time Mean/12 Confidence Interval* Standard Deviation 

Expt Group T1 (n=10) 6.9 [5.5-8.2] 2.5 

Expt Group T2 (n=10) 9.6 [9.0-10.2] 1.3 
Expt Group T3 (n=9) 9.4 [8.2-10.7] 1.8 

Comp Group T1 (n=8) 7.1 [5.0-9.0] 3.3 
Comp Group T2 (n=8) 7.0 [5.4-8.6] 2.8 

Comp Group T3 (n=5) Post teaching so now combined with Expt Group T2 
Exp+C n=15) pre-teach 6.4 [5.3-7.5] 2.4 

Exp+C (n=15) post-teach 9.5 [8.6-10.3] 1.8 

*95% BCa bootstrapping. 
The descriptive statistics alone already indicate large gains from concept-focussed teaching. 
The lack of any overlap between the confidence intervals for T1 and T2 for the experimental 
group gives strong support to the claim that this is a clear difference in results. 
A paired samples t-test for the experimental group between time 1 and time 2 finds t = -5.449. 
SD = 1.6. df 9, p = .000. Using bootstrapping to analyse the mean difference (Larson-Freeman, 
2015) also finds a statistical result: Mean = -2.7, Std error = .495, CI [-3.7-1.9], p = .006.  
There is some variation in the way in which measures of effect size are calculated. I have 
followed Larson-Freeman's suggestion to use Volker's (2006 as cited in Larson-Freeman 2015, 
p. 148) d measure of effect size for paired samples (2015, p. 148) using t-tests. The effect size 
is large at d = 1.74. Here is the calculation: Mean at time 1 (6.9) minus Mean at time 2, (9.6), 
divided by the square root of 2 times the difference between the standard deviations at times 1 
(2.5) and 2 (1.3). 

!	 = 					 6.9	 − 	9.6
√2	(2.5	 − 	1.3) 	= 	1.74 

A more recently proposed alternative to the above-described classical frequentist analysis is a 
Bayes Factor analysis (Norouzian et al., 2018). This analysis has the advantage of comparing 
how likely the null hypothesis is with the likelihood of the alternative analysis (Jarosz & Wiley, 
2014). The scores for T1 and T2 have been analysed through JASP (jasp-stats.org) and reveal 
a Bayes Factor of B10 = 86.91, which suggests the alternative hypothesis is 86.91 times more 
likely than the null hypothesis, a very strong finding in favour of the alternative (Jarosz & 
Wiley, 2014). Bayesian statistics also provide a nuanced measure of the effect size (Norouzian 
et al., 2018). In this case, a large median effect size, 95% CI [-2.546, -0.528], of -1.485 is found. 
There seems to be little doubt that the teaching intervention had a large and significant effect, 
but just to be sure, a non-parametric related samples Wilcoxon signed rank test was also carried 
out. There were 10 positive differences, that is all participants made at least some improvement, 
as can be seen in Table 4. The results are: W = 55.0, std error = 9.7, Standardised test statistic 
= 2.85, p = .005. So, both parametric and non-parametric tests confirm that there was a 
significant change from T1 to T2. 
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Table 4. Individual results for Expt and Comp groups, perception (hear diff + correct) 
across three times. 

Expt AE BE CE DE EE FE GE HE IE JE 

T1 7 6 2 5 9 9 6 11 6 8 
T2 9 10 8 9 11 10 8 12 9 10 

T3 9 10 7 10 11 11 7 12 8 -- 

Comp AC BC CC DC EC FC GC HC   

T1 4 10 10 9 1 7 10 6   
T2 4 10 10 9 4 6 9 4   

T3 10 -- -- -- 12 8 11 5   

One might also ask for the results for identifying the correct version, regardless of whether they 
could hear a difference. Here the experimental group (n=10) improved from M = 7.7 (CI [6.8-
8.6], SD = 1.8) to M = 9.7 (CI [9.1-10.4], SD = 1.3) at time 2. A t-test shows t = -4.243, SD = 
1.5, df 9, p = .002. Bootstrapping for paired samples tests finds M = -2.0, std error = .452, CI 
[-2.7-1.3],  p = .007. Volker's measure for paired samples finds a large effect size of d = 2. A 
non-parametric related samples Wilcoxon signed rank test also finds a significant effect of 
instruction; W = 45, std error = 8.3, std test stat = 2.70, p = .007 (9 positive differences, 1 tie). 
Even though the starting point was higher when excluding participants' ability to hear a 
difference, evidence of clear progress was still found. 
Participants in the original comparison group were also able to receive the instruction. Only 
five of the eight in this group, actually came to the lessons and completed the post-test. This is 
understandable as it was getting towards the end of semester, and they were starting to focus 
on their assessments. It is worth noting that the five who did complete, tended to have greater 
problems with perception of word stress (M = 5.4 at Time 2, prior to instruction). They made 
good progress reaching M = 9.2 on the post-test. Because there were so few participants, no 
attempt has been made to run statistical tests on the performance of this five.  
Finally, there is the consideration as to whether or not this learning can be extended to other 
contexts. As already noted, it was intended to only teach half of the tested items but in the event 
eight were taught, making an analysis of an impact difficult to quantify. However, a comparison 
of immediate pre-test with immediate post-test scores shows an average of 56.9% (57.7% 
overall) compared with 71.7% (79.2% overall). On the surface, it seems that some learning 
may have extended to other contexts, but it is not possible to say how much. 
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