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Abstract 
The present study explores the production of English dental fricatives /θ/ and 
/ð/ in L1 Portuguese, with a particular focus on this under-studied population 
whose legacy European Portuguese influences are increasingly flanked by more 
pronounced Brazilian varieties and strong Bantu influence within constant 
contact. In this paper, we report ongoing classroom-based action research aim-
ing to identify patterns of substitution and effects of phonological context 
through both acoustic and perceptual analysis of recordings produced by 18 
university learners taking English at Instituto Superior Politécnico de Cabinda 
(ISPC), Angola. The results indicate that /θ/ is predominantly realized as [f] 
(41.2%), followed by [s] (28.7%), whereas /ð/ is most commonly realized as [d] 
(51.9%) and secondarily as [z] (26.9%). Word-final position shows the highest 
error rates. Acoustic measurements confirm that substitutions have a different 
spectral signature from native interdentals, with drastically different Center of 
Gravity values (Cohen’s d > 2.0). These acoustic differences indicate possible 
intelligibility effects, which will need to be directly tested for confirmation. The 
abundance of differences sustains the equivalence schema, favoring the famil-
iar articulation. The results suggest pedagogical strategies such as explicit ar-
ticulatory instruction, focused minimal pair training, and tailored curriculums 
for healthcare students. 
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1. Introduction 

The English language has become the global lingua franca of science, technology, 
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international relations, and higher education. In Angola of yesteryears, post-war 
reconstruction of national life, coupled with the upkeep and encouragement of 
economic links to the global community, remains an exceedingly entrancing yet 
daunting challenge, but English proficiency correlates positively with socioeco-
nomic prosperity. This is particularly true in Cabinda, one of Angola’s provinces, 
whose unusual geopolitical and economic characteristics demand communicative 
competence in English due to international collaboration within the oil sector as 
well as an uptick in inter-academic exchange. 

On the institutional level, English as a Foreign Language (EFL) is piloted under 
distinct educational contexts. Some of these are health courses and higher degrees, 
for example, at the Instituto Superior Politécnico de Cabinda (ISPC), a filial insti-
tute of Universidade 11 de Novembro. The researcher, a lecturer of English for 
first- and second-year students in undergraduate degree programs at ISPC, has 
already deduced some common pronunciation problems that hinder their ability 
to access scientific publications written in English about their fields of study, 
properly comprehend technical language, and communicate successfully within 
professional environments. 

For learners of English from Portuguese-speaking backgrounds, probably the 
most persistent challenge is the production of dental fricatives. In both Standard 
Southern British English and General American English, the voiceless dental fric-
ative /θ/ (as in “think,” “bath”) and the voiced dental fricative /ð/ (as in “this,” 
“mother”) exist. The raising of the tongue tip to the upper teeth creates a narrow 
constriction that allows for turbulent airflow. These phonemes do not belong to 
the phonological inventory of any variety of Portuguese (European, Brazilian, or 
African). European, Brazilian and African varieties of Portuguese have minor 
phonetic realizational differences between each other (there are Angolan dialects 
too, reflecting the complex relation between historical European Portuguese roots 
and modern Brazilian influences), yet lack phonemic interdental fricatives fea-
tures as well; thus learners face a task shared by the Lusophone world. In both 
Angolan Portuguese and native Bantu languages, these sounds do not exist in a 
similar way, making them sound foreign or non-existent to learners who must fit 
them into existing mental schemes. 

A basic tenet of second language acquisition research is the Contrastive Analy-
sis Hypothesis (CAH), which states that phonemes missing in learners’ first lan-
guages (L1) will be uniquely problematic for L2 acquisition and cause negative 
transfer at the phonological level (McCallum et al., 2025). Newly confronted with 
L2 sounds that may be unfamiliar to them, they default to the closest phonemes 
available in L1. The literature reports frequent substitutions of /θ/ with [f] (labio-
dental fricative), [s] (alveolar fricative), or even rarely [t] (alveolar stop) among 
Portuguese speakers. Systematic as these replacements may be, they can generate 
perceptual confusion and unintelligibility. For example, the Arabic equivalent of 
“think” could be pronounced [fɪŋk] as in fink.  

Three studies have shown that speakers of European Portuguese (EP) (Liza et 
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al., 2021) and Brazilian Portuguese (BP) (Zimmer & Alves, 2012) produce English 
dental fricatives, but nothing has been reported in connection with Angolan learn-
ers of English. Another, more recent work by Osborne and Simonet (2021) exam-
ined the creation of new phonetic categories by Brazilian Portuguese learners of 
English and found that learning a foreign language leads to first-language pho-
netic drift. In a similar fashion, Bettoni (2022) showed that perceptual training led 
to significantly improved production accuracy for Brazilian learners in the speech 
sound contrast study group, with an eight-month retention period and even 
twelve years later, identifying relevant pedagogical pathways for those pertinent 
to this study. For example, Fonseca Quesada (2024) explored substitution patterns 
of the English voiced interdental fricative by L1 Costa Rican Spanish speakers and 
found that substitution patterns are dependent on both phonological context and 
task type, confirming positional effects similar to those under examination in this 
study.  

Very Angolan linguistic ecology alone 1) adapted Angolan Portuguese (AP), 
the result of hybridization between old historical EP and new input through Bra-
zilian socialization in audio-visual media, forms a profile that is different from 
either; 2) Bantu languages, such as Fiote (Ibinda), Kikongo, and Bakuta, are addi-
tional to Portuguese output, particularly in Cabinda; so cross-linguistic influence 
will be complex; and 3) challenges to English language education with regard to 
teacher training, resources available for learning the spoken language, and expo-
sure. (The province of Cabinda is geographically separated from the rest of Angola 
by a swath of DR Congo and Republic of Congo, hence potentially shows unique 
linguistic features.) The whole phonetic literature is completely mute as to this 
localized context. 

This research serves to help bridge this gap by adding empirical data specifically 
rooted in a defined Angolan context. A lecturer at ISPC took on this challenge as 
an action research project, and its results have immediate practical import for pro-
nunciation instruction, with relevant findings that can serve to stimulate greater 
local awareness of the implications of linguistic understanding involving L2 Eng-
lish phonology in varieties of African Portuguese. This work is informed by the 
call of McCallum et al. (2025) to situate research within local contexts and develop 
a responsive research culture for the particular linguistic ecologies in which we 
operate. This drive to action-informing-research underpins the approach taken 
here. 

Overall goal: Analysing the production of dental fricatives in L3, /θ/ and /ð/, 
through acoustic and perceptual characterisation by ISPC students. These goals 
are as follows: 1) to identify the most common substitutions for /θ/ and /ð/, re-
spectively; 2) to examine the frequency of these substitutions according to phono-
logical context; 3) to measure and compare acoustic properties between students’ 
productions, relative to a native English control speaker; and 4) to propose peda-
gogical possibilities that might be applied by EFL instructors in Cabinda. 

Thus, the specific research questions guiding this study are: 
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What are the phonological substitutions that L1 Portuguese students based in 
Cabinda tend to use when producing /θ/ and /ð/? 

Are these substitutions position dependent? 
What are the acoustic differences between students’ and native speakers’ pro-

ductions? 
Given the acoustic properties of these production patterns, what are the impli-

cations for intelligibility? 

2. Methods 
2.1. Research Design 

We use a mixed-methods approach, combining both perceptual (trained listeners 
identify stimuli) and acoustic (spectral measurements using Praat software) anal-
ysis. In this design, the researcher also served as the teacher in the classroom; thus, 
within the action research methodology framework, the study began where find-
ings would directly inform pedagogical practice. 

2.2. Research Sites and Participants 

The research was carried out at Instituto Superior Politécnico de Cabinda (ISPC), 
which is an academic unit of Universidade 11 de Novembro, in Cabinda, Angola. 
Participants and Procedure The sample included 18 first- and second-year stu-
dents (12 females; 6 males; aged between 18 - 24 years; mean age: 20.3 years), 
studying qualification outcomes for Clinical Analysis and Clinical Psychology 
from an L1 Portuguese-speaking cohort. 

Purposeful sampling was used to recruit participants from six class sections 
(three students/section). Selection of students from each of the six sections (three 
Clinical Analysis, three Clinical Psychology) who met the inclusion criteria and 
represented the spectrum of English proficiency demonstrated during class inter-
action (beginner, intermediate, advanced speakers irrespective of course perfor-
mance) was conducted. This maintained a balance between language variety and 
manageable sample sizes for acoustic characterization. Participants met the inclu-
sion criteria, which were 1) regular enrollment at ISPC, 2) self-reported L1 Portu-
guese, and 3) signed informed consent. The years of study varied from 2 - 8 years 
(mean 4.3 years). With respect to multilingual background, 12 (66.7%) of the par-
ticipants spoke Fiote/Ibinda at home, while 4 (22.2%) were reported to speak 
Kikongo and only 2 (11.1%) Portuguese. 

Also, a 32-year-old male native speaker of General American English and native 
of the Midwest United States who had no such history was used as a control 
participant to make baseline recordings. The control speaker recorded one list 
of words (12 target words) three times for a total of 36 tokens for /θ/ and 36 
tokens for /ð/ (total: 72 native tokens). This led to the creation of 72 tokens that 
were used as the reference for all acoustic comparisons with learner produc-
tions. 
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2.3. Ethical Considerations 

All recordings were done in a sound-proofed classroom at the ISPC. Institutional 
authorization was previously obtained from the Direção of ISPC for data collec-
tion. Approval was obtained from the ethics committee of Universidade 11 de 
Novembro. All participants, in Portuguese, received a Termo de Consentimento 
Livre e Esclarecido (TCLE), which describes the purpose and procedures of the 
study, confidentiality measures to guarantee anonymity, and voluntary participa-
tion with the right to withdraw at any stage. Data collection took place after con-
sent forms had been signed. 

2.4. Instructions 
2.4.1. Linguistic Profile Questionnaire 
A brief questionnaire in Portuguese was administered to characterize the sample: 
 “What is your native language?” (What is your mother tongue?) 
 “Do you speak any other language at home? (e.g., Fiote, Kikongo, etc.)” (Do 

you speak any other language at home?) 
 “Há quantos anos estuda Inglês?” (How many years have you studied English?) 
 “Has he/she had contact with native English speakers?” (Have you spoken to 

native speakers of English?) 
 “Do you, when you speak Portuguese, try to speak more like a Portuguese from 

Portugal or Brazilian?” (Do you focus on sounding like Portuguese from Por-
tugal or Brazilian when you speak Portuguese?) 

Coding of Questionnaire Responses  
The following coding scheme was implemented to map open-ended and mul-

tiple-choice responses into the categorical variables shown in Table 1.  
 Home Language: The responses to “Fala alguma outra língua em casa?” were 

coded as follows:  
 “Portuguese only” = participant reporting that only Portuguese is spoken at 

home 
 “Portuguese + Fiote/Ibinda” = participant reported that they speak Fiote/Ibinda 

in addition to Portuguese 
 “Portuguese + Kikongo” = self-reported Kikongo speaker who reported Por-

tuguese.  
 EP/BP Alignment: Answers to “Quando fala português, tenta falar mais como 

português de Portugal ou como brasileiro?” were coded as:  
 “Prefer EP” = subject-defined preference for European Portuguese pronunci-

ation  
 “Prefer BP” = whether the participant indicated a preference for Brazilian Por-

tuguese pronunciation.  
 No preference = participant indicated no conscious preference or responded 

“both.” 
 Contact with Native Speakers: “Yes” = the participant reported any previous 
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contact (i.e., conversation, classes) with native speakers of English; “No” = no 
such interaction.  

 
Table 1. Participant characteristics. 

Characteristic Category n % 

Gender 
Female 12 66.7 

Male 6 33.3 

Home Language 

Portuguese only 2 11.1 

Portuguese + Fiote/Ibinda 12 66.7 

Portuguese + Kikongo 4 22.2 

EP/BP Alignment 

Prefer EP 5 27.8 

Prefer BP 8 44.4 

No preference 5 27.8 

Contact with Native Speakers 
Yes 3 16.7 

No 15 83.3 

Note: Age range: 18 - 24 years (M = 20.3 years). Years of English study: range 2 - 8 years 
(M = 4.3 years). Coding procedures for all categorical variables are described in Section 
2.4.1. 

2.4.2. Word List 
A targeted word list was designed to elicit productions of /θ/ and /ð/ in different 
phonological contexts. Words were chosen based on their frequency in English 
and their suitability for the participant population. (Table 2) 
 
Table 2. Target words by phonological context. 

Phoneme Position Word IPA Lexical Set 

/θ/ Initial think /θɪŋk/ THOUGHT 

/θ/ Initial thumb /θʌm/ STRUT 

/θ/ Initial three /θriː/ FLEECE 

/θ/ Medial author /ˈɔːθə/ NORTH 

/θ/ Medial method /ˈmeθəd/ DRESS 

/θ/ Medial birthday /ˈbɜːθdeɪ/ NURSE 

/θ/ Final teeth /tiːθ/ FLEECE 

/θ/ Final bath /bɑːθ/ BATH 

/θ/ Final mouth /maʊθ/ MOUTH 

/θ/ Final north /nɔːθ/ NORTH 

/ð/ Initial this /ðɪs/ KIT 

/ð/ Initial that /ðæt/ TRAP 
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Continued 

/ð/ Initial though /ðəʊ/ GOAT 

/ð/ Medial mother /ˈmʌðə/ STRUT 

/ð/ Medial brother /ˈbrʌðə/ STRUT 

/ð/ Medial feather /ˈfeðə/ DRESS 

/ð/ Final breathe /briːð/ FLEECE 

/ð/ Final bathe /beɪð/ FACE 

/ð/ Final smooth /smuːð/ GOOSE 

/ð/ Final clothe /kləʊð/ GOAT 

Note: PA follows the Standard Southern British English model used for the stimuli. Dis-
tractors: sun, fish, cat, dog, book, pen, house, car. 

 
To prevent participants from guessing the focus of the study, distractor words 

were interspersed throughout the list. Word order was randomized for each par-
ticipant using a Latin square design to control for order effects. To control for 
coarticulation effects and ensure a consistent prosodic context, each target word 
was embedded in a carrier sentence: “I say ______ now.” 

2.5. Procedures 

Recordings were all carried out in the ISPC room, which was quiet with only one 
participant at a time. Each of them was around a 15 - 20 minute session. The audio 
recording device was an Audio-Technica ATR2100x-USB cardioid dynamic mi-
crophone (head-mounted configuration), with a Zoom H1n portable digital re-
corder (WAV file, sample rate 44.1 kHz and bit depth of 16-bit) as the main equip-
ment for recording, and Audacity software was used to record onto a computer as 
a backup system.  

The procedure was as follows:  
1) Participants sat comfortably and wore a head-mounted microphone at the 

corner of the mouth (2 - 3 cm from the corner).  
2) The researcher described the task: Each participant would read a single word 

on a card, then speak the full carrier sentence out loud, as if they were talking to 
someone normally.  

3) Participants first read a practice list with five distractor words to familiarize 
themselves with the task.  

4) One card at a time, the full word list (target words and distractors, random-
ized) was presented. To obtain sufficient data for acoustic analysis and to allow 
for possible within-speaker variation, there were two elicited tokens per target 
word per participant. To reduce practice effects, there were at least five distractor 
items between the two repetitions. Both repetitions were included in all subse-
quent perceptual and acoustic analyses.  

5) If there was a clear reading error (e.g., realizing that the participant misread 
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the word), it was read again at the end.  
6) Recordings were stored with codes that anonymized participants. 2.6. Data 

Analysis 

2.5.1. Percentual Analysis 
The researcher and a second judge (a colleague trained in phonetics) listened in-
dependently to all recordings, phonetically transcribing the fricative portion of 
each target word. The relevant fricative segment was identified and transcribed 
for the medial and final positions.  

A coding scheme was developed as follows:  
 /θ/ or /ð/ produced accurately → coded as TARGET  
 Substituting /θ/ with [f] → coded F  
 Substituting /θ/ with [s] → coded as S  
 Replacement of /θ/ by [t] → coded as T  
 (D) /ð/ → [d] 
 Replacement of /ð/ with [z] → coded as Z  
 Replacement of /ð/ with [v] → scored as V  
 Other substitutions → noted separately  

To evaluate inter-rater reliability, we computed Cohen’s kappa (κ = 0.89), 
which suggested strong agreement. Disagreements were settled by discussion and 
consensus.  

2.5.2. Acoustic Analysis 
Praat (Boersma & Weenink, 2023) was used for acoustic analysis. After running 
both recordings in Praat, subjects were able to locate the target fricative in the 
spectrogram. The beginning and end of the frication noise were marked by man-
ually setting boundaries. Onset was the first instance of aperiodic energy, and off-
set was defined as the end of aperiodic energy or the beginning of periodic vocalic 
energy. The following acoustic measures were extracted using a Praat script: a) 
Fricative Duration (ms), b) Center of Gravity (Hz)—the weighted mean of the 
frequency spectrum computed using Praat’s default settings (power spectral anal-
ysis; range 0 - 22,050 Hz), and c) Standard Deviation (Hz)—the spread of the 
spectrum.  

2.5.3. Statistical Analysis 
Frequencies and percentages of substitution patterns were calculated. A chi-
square test was conducted to determine whether there is a relationship between 
phonological context and the type of substitution. The acoustic measurements 
were compared using independent samples t-tests (students vs. native speaker), 
with Cohen’s d reported for effect sizes. It is worth pointing out that these com-
parisons are exploratory, consisting of repeated measures from 18 learners (mul-
tiple tokens per learner) compared to a single control speaker’s productions. Alt-
hough independent samples t-tests are robust for the identification of large effect 
sizes in this exploratory analysis, results need to be interpreted with that caveat. 
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The main role of these comparisons is to provide a scale of acoustic variation (via 
Cohen’s d), not necessarily to make strong inferential statements about popula-
tion parameters. 

3. Findings 
3.1. Perceptual Analysis Results 

A total of 432 target productions were analyzed (18 participants × 12 target words 
× 2 repetitions). Inter-rater reliability was high (Cohen’s κ = 0.89). 
 
Table 3. Substitution patterns for /θ/ (N = 216 tokens). 

Production Frequency (n) Percentage (%) 

Correct [θ] 28 13.0 

Substitution [f] 89 41.2 

Substitution [s] 62 28.7 

Substitution [t] 32 14.8 

Other 5 2.3 

Total 216 100 

 
Table 3 presents the distribution of productions for target /θ/. The most fre-

quent substitution is [f] (41.2%), followed by [s] (28.7%) and [t] (14.8%). Correct 
production of [θ] occurred in only 13.0% of tokens, confirming the difficulty that 
this sound poses for learners.  
 
Table 4. Substitution patterns for /ð/ (N = 216 tokens). 

Production Frequency (n) Percentage (%) 

Correct [ð] 31 14.4 

Substitution [d] 112 51.9 

Substitution [z] 58 26.9 

Substitution [v] 8 3.7 

Other 7 3.2 

Total 216 100 

 
Table 4 shows the distribution for target /ð/. Stop substitution [d] predomi-

nates (51.9%), followed by [z] (26.9%). Correct production is slightly higher than 
for /θ/ at 14.4%, though this difference is not statistically significant, χ2 (1, N = 
432) = 0.18, p > 0.05. The appearance of [v] as a substitution (3.7%) is notable and 
may reflect influence from Bantu languages, where /v/ is common. 

3.2. Positional Variation 

Analysis by phonological context revealed systematic variation in substitution 
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patterns across word positions.  
 
Table 5. Positional variation in /θ/ production (%).  

Position Correct [θ] [f] [s] [t] 

Initial 18.1 35.2 31.5 15.2 

Medial 15.3 38.9 29.2 16.6 

Final 5.6 49.5 25.4 19.5 

 
Table 5 displays substitution rates by word position for /θ/. The word-final po-

sition shows the lowest correct production (5.6%) and the highest rate of [f] sub-
stitution (49.5%). A chi-square test confirmed a significant association between 
position and substitution type, χ2 (6, N = 216) = 24.6, p < 0.001. 

 
Table 6. Positional variation in /ð/ production (%). 

Position Correct [ð] [d] [z] [v] 

Initial 19.4 48.1 28.7 3.8 

Medial 16.7 50.9 27.8 4.6 

Final 6.9 56.7 24.1 12.3 

 
Table 6 presents positional variation for /ð/. As with /θ/, the word-final posi-

tion shows the lowest correct production (6.9%) and the highest substitution rate 
(56.7% [d]). The association between position and substitution type is significant, 
χ2 (6, N = 216) = 31.2, p < 0.001. Notably, [v] substitutions increase in the final 
position (12.3%), possibly reflecting a strategy to maintain voicing while avoiding 
the more marked [ð] in the coda position. 

3.3. Acoustic Analysis Results 
3.3.1. Center of Gravity (CoG) 
Center of Gravity is a key acoustic parameter that distinguishes fricative place of 
articulation. Higher CoG values (typically above 4000 Hz) characterize alveolar 
fricatives [s, z], while lower CoG values (below 3000 Hz) characterize labiodental 
fricatives [f, v] and dental fricatives [θ, ð] (Jongman, 2024). 
 
Table 7. Center of Gravity (CoG) values for /θ/ and substitutions.  

Production Mean CoG (Hz) SD t-value p Cohen’s d 

Native [θ] 2850 320 — — — 

Student [θ] 2790 410 0.62 >0.05 0.16 

Student [f] 1980 290 12.4 <0.001 2.8 

Student [s] 5620 680 18.2 <0.001 4.1 

Student [t] (burst only) — — — — 

Note: Native speaker tokens: n = 36 for /θ/. Student tokens: [θ] n = 28, [f] n = 89, [s] n = 
62. Statistical comparisons are exploratory (see Section 2.6.3). 
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Table 7 reports mean Center of Gravity values for target /θ/ and its substitu-
tions. Student productions judged as correct [θ] do not differ significantly from 
native values, p > 0.05, d = 0.16, indicating that when learners produce the target 
accurately, they approximate native acoustic norms. [f] substitutions show signif-
icantly lower CoG, d = 2.8, consistent with labiodental articulation, while [s] sub-
stitutions show significantly higher CoG, d = 4.1, consistent with alveolar place. 
The large effect sizes indicate that these acoustic differences are not only statisti-
cally significant but also perceptually salient. 
 
Table 8. Center of Gravity (CoG) values for /ð/ and its substitutions. 

Production Mean CoG (Hz) SD t-value p Cohen’s d 

Native [ð] 2710 340 — — — 

Student [ð] 2680 390 0.48 >0.05 0.08 

Student [d] (burst only) — — — — 

Student [z] 5480 620 16.8 <0.001 3.9 

Student [v] 1850 280 10.2 <0.001 2.4 

Note: Native speaker tokens: n = 36 for /ð/. Student tokens: [ð] n = 31, [z] n = 58, [v] n = 
8. Statistical comparisons are exploratory (see Section 2.6.3).  

 
Table 8 presents CoG values for /ð/ and its substitutions. As with /θ/, correct 

student productions are acoustically similar to native tokens, p > 0.05, d = 0.08. 
[z] substitutions show significantly elevated CoG, d = 3.9, while [v] substitutions 
show significantly reduced CoG, d = 2.4, confirming the perceptual classifications. 

The acoustic analysis confirms the perceptual categorization: substitutions 
identified as [f] or [v] show significantly lower CoG than target dentals, while 
substitutions identified as [s] or [z] show significantly higher CoG. These differ-
ences align with the acoustic properties of these sounds in Portuguese, suggesting 
that learners are mapping English interdentals onto acoustically similar L1 cate-
gories.  

3.3.2. Duration 
The duration of frication also varied by substitution type, reflecting the inherent 
durational properties of these sounds in Portuguese. 
 
Table 9. Duration of frication by production type. 

Production Mean Duration (ms) SD 

Native [θ] 112 18 

Student [θ] 108 22 

Student [f] 95 15 

Student [s] 142 28 

Student [z] 138 26 
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Table 9 displays the mean duration of frication for target and substituted sounds. 
Labiodental substitutions [f] are shorter than target dentals, while alveolar substi-
tutions [s, z] are longer. This pattern reflects the inherent durational properties of 
these sounds in Portuguese, where /f/ is typically brief and /s, z/ are relatively long, 
particularly in intervocalic position. The durational differences may contribute to 
the perceptual distinctiveness of these substitutions. 

4. Discussion 
4.1. Summary of Main Findings 

The current research focused on the production of English dental fricatives /θ/ 
and /ð/ by L1 Portuguese learners from Instituto Superior Politécnico de Cabinda 
(ISPC). The results reveal: 

1) High substitution rates: Overall, /θ/ and /ð/ were correctly produced less than 
15% of the time, confirming findings that these sounds were difficult for learners 
whose L1 does not contain interdental fricatives. 

2) Consistent substitution patterns: /θ/ was predominantly realized as [f] 
(41.2%), followed by [s] (28.7%). /ð/ was realized most frequently as [d] (51.9%), 
followed by [z] (26.9%). 

3) Positional effects: Below 7% of both sounds were produced correctly in the 
word-final position, showing coda position is a difficult region compared with 
other locations. 

4) Results of the acoustic verification: Spectrograms confirmed that substitutes 
phonetically identified as [f] or [v] result in central frequencies significantly lower 
than those framed by a spectrogram external identifiers referring to these sounds 
in Portuguese and similar perceptually, also just with significant work expectancy 
central frequencies higher than expected for identification of sound substituents 
recorded as [s] and/or [z]. Effect sizes (d > 2.0 for all comparisons) show that these 
acoustic differences are large and perceptually salient. 

4.2. Interpretation of the Results 

The substitution patterns are aligned with predictions of the Contrastive Analysis 
Hypothesis: if a structure (sound contrast) is not present, negative transfer will 
manifest as learners mapping novel sounds onto the closest L1 categories. Liza et 
al. (2021) provide an extensive overview of teaching English pronunciation to Por-
tuguese speakers, detailing some specific issues related to phonemes not present 
in the L1 inventory, including dental fricatives. But CAH alone cannot explain the 
different patterns for voiced vs. voiceless targets, nor does it provide a consistent 
account of positional asymmetries. The Speech Learning Model (Osborne & 
Simonet, 2021) offers a more elegant explanation for this: equivalence classifica-
tion based on perceived similarity hampers the establishment of new categories—
this effect is particularly pronounced in late learners who have already established 
L1 categories. 

These acoustic analyses support that substituted tokens have different spectral 
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properties than target interdentals. The lower center of gravity for the labiodental 
articulation corroborates the front cavity length, indicative of [f]/[v] substitutions; 
whereas, a higher center of gravity winning out in [s]/[z] substitutions reflects a 
smaller constriction orifice and a more anterior position characteristic of alveolar 
fricatives (Jongman, 2024). There are perceptual consequences of these types of 
acoustic differences: native listeners rely on continuous spectral-noise cues to 
identify interdentals, and non-continuant deletion leads the listener to shift pho-
netic categorization towards other phonemes.  

The positional effects (higher error rates word-finally) are consistent with uni-
versal markedness patterns; coda consonants are known to be acquired less easily 
than onsets (Eckman, 1977). However, the striking regularity of word-final sub-
stitution—exaggerated /f/ for [θ], exaggerated /v/ for [ð]—suggests that learners 
may be weighing the preservation of frication (via labiodental substitutes) more 
heavily than place match in this difficult position. 

4.3. The Cabinda Context: Possible Influence 

The linguistic landscape of Cabinda might account for the trends seen. Two-thirds 
of the participants reported using Fiote/Ibinda at home. Fiote, a Bantu language, 
has a phonological inventory that differs from Portuguese in ways likely to be rel-
evant for English interdental production: 

1) Phonetic inventory: Fiote does not have dental fricatives, but it has a full set 
of labiodental fricatives /f, v/ and alveolar fricatives /s, z/. It is probable that these 
are sounds with which Fiote is familiar, making them easier to substitute than 
stops; this realization in part helps explain the substantially higher proportion of 
fricative substitutions (41.2% [f] + 28.7% [s] = 69.9% for /θ/; 26.9% [z] + 3.7% [v] 
= 30.6% for /ð/). Adnyani (2021) observed similar phonological cross-linguistic 
influence in a bilingual child’s acquisition of sounds, where sounds existing in the 
dominant language were used to replace foreign sounds unavailable in the non-
dominant language. 

2) Phonotactic transfer: Fiote syllable structure is predominantly open (CV). 
This means that, according to some theories, speakers may have an implicit ex-
pectation for syllables to end with a vowel (Gonçalves et al., 2022), who argue 
about substrate influence on African Portuguese varieties, as they mention lan-
guages from manual Bantu families typically emphasize open syllable structures. 
This could explain the relatively poorer performance on word-final consonants 
observed in this study. The greater number of [f] and [v] substitutions in the final 
position may reflect a general strategy of keeping some frication but avoiding the 
more marked dental place at coda.  

3) Obstruents differ significantly in voicing: Fiote has clearly contrastive voic-
ing distinctions in obstruents, which may help account for the relatively high level 
of use of [v] as a substitution for /ð/ (3.7%)—as this pattern has not been reported 
very frequently in studies involving European Portuguese or Brazilian Portuguese 
learners. 
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This combination of dual influence adds another layer of complexity to Ango-
lan Portuguese itself. The patterns of substitution appear to reflect transfer from 
a monolithic L1 Portuguese, but also variable relevance to norms for European 
Portuguese vs. Brazilian Portuguese. If BP-like dental stop allophones [t ̪, d ̪] im-
mediately precede /i/, speakers may associate this articulation more closely with 
English interdentals than with fronted alveolar stops, so they are less likely to sub-
stitute a fronted alveolar stop for an English interdental and vice versa. This could 
be attained if such speakers retain the production of EP alveolar stops [t, d], lead-
ing to a less merged place of articulation. Phonological variation and change in 
Brazilian Portuguese are discussed in detail by Battisti (2021), who describes how 
processes like regressive palatalization of /t, d/ are variable and socially salient. In 
2025, Alves used information theory to investigate lexical and grammatical differ-
ences between varieties of Portuguese spoken in Brazil and Europe (Alves, 2025), 
confirming that the two languages had diverged significantly from one another. 
While PT-based/MT alignment data are shown in this study (Table 1), the low co-
hort number limits subgroup analysis. The much higher rate of [f] substitution 
(41.2% in this study) relative to some BP studies (e.g., Zimmer & Alves, 2012) may 
suggest a manner-preserving preference that reflects some degree of EP influence, 
but more direct testing with a much larger sample is needed to support such a claim. 

Please note that the proposed effects of Fiote/Ibinda as well as EP/BP alignment 
are still in their speculative stages. Due to the absence of direct comparative data 
from monolingual Portuguese speakers in Angola, or controlled subgroup anal-
yses according to home language, these interpretations should be considered hy-
potheses for future testing. The present data are suggestive of interesting tenden-
cies that merit further exploration but do not allow for causal inferences about the 
role of Bantu language contact or EP/BP variation specifically. 

4.4. Comparison with Previous Research 

A fairly uniform picture appears, which is consistent with studies of European 
(Liza et al., 2021) and Brazilian Portuguese learners (Zimmer & Alves, 2012), al-
beit it must be interpreted with caution, as Angolan Portuguese cannot fully re-
flect either variety. You could say that instead, though—it is a borderline unique 
hybrid with roots in historical EPs but influenced by contemporary BP. According 
to Liza, Silva & Soares (2021), pronunciation teaching for Portuguese speakers has 
to take into consideration the phonological features of their own variety of L1—
European or Brazilian—and this principle is fully valid and should also be consid-
ered in the Angolan context.  

The percentage for /θ/ substitution rate (41.2%) seems rather higher than what 
has been measured in some Brazilian studies (e.g., Zimmer & Alves, 2012: ~30% 
- 35%). One possible explanation, as noted, is that wonks about Angolan Portu-
guese claim that this display of EP inheritance: in speech with alveolar stops [t, d], 
they may consider less place overlap between those and the interdentals in English 
and so preserve manner more using the labiodental [f]. In sum, BP speakers with 

https://doi.org/10.4236/ojml.2026.162014


N. Z. Bachi 
 

 

DOI: 10.4236/ojml.2026.162014 217 Open Journal of Modern Linguistics 
 

dental stop allophones may detect more similar place and therefore tend to make 
substitutions of [s] that retain alveolar place. The Angolan rate, which is interme-
diate between EP and BP patterns in some respects but closer to the former for 
preferences involving [f], may represent a case where both varieties exert an in-
fluence, with an older EP substrate ultimately having more weight than exposure 
to more recent BP media. The evidence of dialectal differences in Portuguese as-
sumes that there are two underlying rhotics (Zhou & Jesus, 2021 — and although 
Lisbon and Carioca varieties differ), thus reinforcing the assertion that EP and BP 
do not have a common phonological system. 

The results are also consistent with Fonseca Quesada (2024), who notes that 
cross-linguistic influence in the production of dental fricatives is conditioned by 
the phonological characteristics of a specific L1 variety and the phonological con-
text where this sound appears. For instance, in the African EFL context, Garou 
(2023) investigated the interdental fricative production acoustically by Came-
roonian ESL learners and concluded that the sounds are easier to produce at initial 
and medial positions but harder at the final position, where systematic substitu-
tion with [f] and unreleased stops was found. Likewise, Vinte and Mataruca (2024) 
evaluated pronunciation challenges faced by Mozambican EFL teacher trainees 
and discovered that although the voiced dental fricative /ð/ is present in Echu-
wabo (a Bantu language), the voiceless does not prove easy to produce; substitu-
tion errors were thus common. For example, Fauzi (2021) explored the variation 
of phonology in interlanguage produced by Indonesian learners and identified 
that English fricatives show phonological variations according to word position, 
and substitutions appear due to the generalization of pronunciation and the ab-
sence of certain sounds in the learner’s native language. 

A notable example of this is the substitution of /ð/ by [v], which occurred in 
3.7% of tokens, possibly as a result of substratal influence (i.e., Bantu languages) 
rather than from Portuguese transfer. This pattern has not been widely reported 
in other EP or BP studies and may therefore represent a signature feature of the 
Cabinda setting.  

The observed positional effects (higher error rates word-finally) are consistent 
with universal markedness hierarchies (Eckman, 1977), and the results of both EP 
and BP studies support the idea of intrinsic coda difficulty regardless of L1 pho-
notactics. However, the relative increase in [f] and [v] in final position may also 
be reinforced by open-syllable preferences in BP as well as local Bantu languages.  

4.5. Implications for Intelligibility 

The ensuing discussion touches on possible effects on intelligibility owing to the 
acoustic features recorded in this study. However, no direct perception task was 
conducted and thus these implications are speculative and call for empirical fol-
low-up studies involving the judgment of native listeners. The substitutions de-
scribed here have differing impacts on intelligibility, depending on which contrast 
is modulated. (Table 10) 
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Table 10. Intelligibility consequences of substitution patterns.  

Substitution Example Potential Confusion Functional Load 

/θ/ → [f] “think” → “fink” think/fink, three/free Moderate 

/θ/ → [s] “think” → “sink” 
think/sink, 

thought/sought 
High 

/ð/ → [d] “then” → “den” 
then/den, 

though/dough 
High (function 

words) 

/ð/ → [z] “breathe” → “breeze” breathe/breeze Moderate 

 
Zhang et al. (2021) related the perception and production of English fricatives 

by Chinese learners of English, reporting that substitution errors are common for 
L2-applied speakers, with patterns attributable to negative transfer from the first 
language, hypercorrection of other sounds, and acoustic similarities. They also 
found that perception and production are not necessarily correlated, indicating 
that learners may need training in both modalities.  

As all participants are healthcare students who will require English communi-
cation skills when communicating with patients and other professionals or deal-
ing with mechanisms of action, miscommunication in a clinical setting where 
breathing can be confused with breeding could lead to serious consequences. The 
especially high rates of [d] substitution for /ð/ are particularly problematic, as they 
target high-frequency function words (this, that, then, the) critical for discourse 
cohesion.  

4.6. Pedagogical Implications for ISPC and Cabinda 

As this study reflects an action research project, its principal contribution is in its 
direct applicability to teaching practice at ISPC. An acoustic analysis reveals a 
lower CoG (mean 1980 Hz) for the [f] substitutions than for /θ/ (2850 Hz), but a 
higher one for [s] substitutions (5620 Hz). This means that learners not only do 
not “hit” the target, but also select acoustically different alternatives. Therefore, 
perception training should not attempt to “fix” errors but rather expand learners’ 
perceptual space so that it includes the intermediate CoG range that constitutes 
true interdentals.  

Emphasizing the value of explicit articulatory instruction and perceptual train-
ing, Liza et al. (2021) highlight practical guidance for English pronunciation in-
struction for Portuguese speakers. Their work informs the pedagogical approach 
promoted here. Öztürk (2025) showed that using speech corpora can enhance the 
phonemic awareness of L2 English speakers, especially for dental fricatives, by 
providing them with authentic targets of desired sounds and visual feedback. In 
the Brazilian context, Penha et al. (2025) studied students’ perspectives on pho-
netics and phonology courses, revealing that students face challenges such as un-
derstanding new terminology or sounds that do not occur in Portuguese, but 
acknowledge their significance to their training for becoming educators.  

Since EP and BP are not equally influential on the phonology of learners’ L1, it 
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means that teachers will have to bear one more important factor in mind: each 
student has a different starting point in perceiving sounds. As stated earlier, those 
speakers of BP who use dental-like stops regularly may gain from explicit contrasts 
between [t ̪] ~ [θ], as those contrasts preserve a distinction between full mouth 
closure and continuous frication. On the other hand, for those with alveolar stops 
as their target sound, L1 alveolar stops are a close match to EP, so less emphasis 
will need to be placed on place of articulation. As a result, instruction should be 
responsive to individual differences.  

Informed by the empirical findings of this study, here are some proposed strat-
egies:  

4.6.1. Explicit Articulatory Instruction 
It turns out that many students know nothing about dental fricatives. Diagrams 
and modeling of simple articulatory descriptions do wonders. This acoustic in-
vestigation demonstrates that when students produce correct [θ] or [ð], they do 
so acoustically indistinguishably from native tokens (p > 0.05, d < 0.2), which 
shows that the motor power is there—it just needs to be activated repeatedly. 
(Table 11) 
 
Table 11. Articulatory instructions for dental fricatives. 

Sound Instruction Acoustic Target 

/θ/ 
“Place your tongue between your teeth and 

blow air gently. Feel the air on your tongue.” 
Continuous noise, CoG 

2500 - 3500 Hz 

/ð/ 
“Same position, but now vibrate your vocal 

cords—you should feel a buzzing sensation.” 
Mixed harmonic + noise, 

CoG 2400 - 3400 Hz 

4.6.2. Perception Training with Acoustic Support 
Students cannot produce a sound correctly without having perceived it. Minimal 
pair discrimination exercises can train perception, with more information in-
cluded through spectrogram visualizations indicating where target sounds are in 
relation to common substitutions. The kind of perceptual training approach that 
is being put forth here is supported by the findings of Bettoni (2022), who reported 
consistent facilitation in L2 production as a result of high-variability phonetic 
training with immediate feedback, effects that were retained even after eight 
months and twelve years. In a meta-analysis of high-variability phonetic training, 
Mahdi and Mohsen (2024) discovered an overall medium to large effect size (g = 
0.77) on L2 pronunciation, with effect sizes “particularly pronounced for conso-
nant sounds.” In a study, Ruhmke-Ramos and Delatorre (2011) focused on the 
relationship between training or instruction and the perception of two English 
interdental fricatives by intermediate Brazilian EFL learners, claiming that their 
data did not reveal significant immediate results, but considering the topic of the 
long-term improvement hypothesis that has since been argued, it could prove 
counterproductive to discourage pronunciation instruction in class contexts 
based solely on immediate manifestation data. (Table 12) 
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Table 12. Minimal pair training with acoustic cues. 

Contrast Minimal Pairs Acoustic Difference 

/θ/ vs. /f/ think/fink, three/free, bath/baff CoG: 2,850 Hz vs. 1980 Hz 

/θ/ vs. /s/ think/sink, thick/sick, mouth/mouse CoG: 2850 Hz vs. 5620 Hz 

/ð/ vs. /d/ 
then/den, though/dough, 

breathe/breed 
Continuous noise vs. burst 

/ð/ vs. /z/ close/clothes, breeze/breathe CoG: 2710 Hz vs. 5480 Hz 

 
Showing students spectrograms of their own productions compared with target 

tokens can make the acoustic differences visible and provide clear targets for prac-
tice.  

4.6.3. Position-Specific Practice 
Given the higher error rates in the word-final position, explicit practice with coda 
fricatives is essential. The data show that correct production drops from ~18% in 
the initial position to below 7% in the final position, indicating that this context 
requires focused attention. (Table 13) 
 
Table 13. Position-specific word lists. 

Position /θ/ words /ð/ words 

Initial Think, thumb, three, throw This, that, those, though 

Medial author, method, birthday mother, brother, feather 

Final teeth, bath, mouth, north, health breathe, bathe, smooth, clothe 

4.6.4. Integration with Professional Vocabulary 
In the case of Clinical Analysis and Psychological Clinic students, practice must 
be contextualized according to their area of training, promoting motivation and 
enabling learning through relevant lexico-grammatical content. More broadly, 
Saito (2021), in a meta-analysis of the phonological, rater, and instructional fac-
tors in L2 pronunciation, arrives at the finding that instruction is associated with 
larger gains in comprehensibility as opposed to nativelikeness, and that effects 
appear larger when treatment taps into prosodic accuracy. Using an explicit-im-
plicit dimension in speech perception, Stratton (2023) presented acoustic evi-
dence that shows how specifically focusing on pronunciation produces better re-
sults than implicit training in the L2 classroom; that is to say, learners approach 
target-like phonological features through perceptually adjustable gradients. Ex-
plicit articulatory phonetics instruction has been systematically reviewed for its 
impact on Spanish L1 learners of English (Pacheco Vasquez & Veas Aguirre, 
2025); across interventions, it is consistently shown to have stronger positive out-
comes than standard implicit methodologies at enhancing both segmental preci-
sion and functional intelligibility; these mechanisms are found to most boost L2 
articulation when implemented by leveraging tactile feedback, gap identification, 
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as well as visual models of articulation. (Table 14) 
 
Table 14. Professional vocabulary for healthcare students. 

Profession /θ/ vocabulary /ð/ vocabulary 

Healthcare 
Thermometer, therapy, thrombosis, 

anesthesia, atherosclerosis 
Breathe deeply, this medication, 

that symptom, whether 

4.6.5. Workshop for ISPC EFL Teachers 
The researcher will lead a workshop with colleagues teaching English at ISPC, 
presenting: a) results from this study using acoustic data; b) practical suggestions 
for teaching dental fricatives that are sensitive to EP/BP variability; c) materials 
designed to be used in the classroom, including spectrogram activities; and d) 
ideas for continued action research. In their call for collaborative research cultures 
within applied linguistics, McCallum et al. (2025) encourage advocates of the 
aforementioned methodologies to take concrete steps toward building such a cul-
ture at ISPC, and this workshop was our first attempt at doing so. 

5. Conclusions and Suggestions 

It is the first investigation examining how English dental fricatives are used by L1 
Portuguese learners at ISPC in Angola. The findings corroborate that /θ/ and /ð/ 
are especially difficult for these speakers, revealing systematic substitution pat-
terns according to the phonological context. The reporting of high [f] and [d] for 
/θ/ and /ð/, respectively, is also in good company with what has been observed 
elsewhere in multiple Portuguese varieties and the difficulties presented by Liza et 
al. (2021), for instance, concerning the production of these sounds by Portuguese 
learners more generally—but Cabinda’s multilingual backdrop makes Bantu lan-
guage influence even harder to disentangle. 

Acoustic analyses reveal that substituted tokens have none of the defining spec-
tral properties of target interdentals, a phenomenon which likely has ramifications 
for perceptual intelligibility. Positional effects reveal that the word-final position 
is particularly problematic, again suggesting universal markedness hierarchies 
along with the asymmetric treatment of codas in a dynamic situation conditioned 
by EP inheritance, BP contact influence, and Bantu substrate. 

Above all, this study shows why Angolan Portuguese should not be classified as 
EP-based versus BP-based. Its hybrid construction — both historical EP roots 
with a contemporary linguistic BP overlay, and ongoing contact with Bantu lan-
guages — creates an acquisitional context that is singular and must be understood 
on its own terms. Migge et al. (2025) offer thorough descriptions of (post)colonial 
varieties of European languages and indicate that the diffusion of Portuguese, like 
other European languages, has given rise to varieties in unique contact situations 
requiring local study עודף. Kupisch et al. (2022) examined structural and phono-
logical cues in monolingual and bilingual children acquiring German, revealing a 
distinction within acquisition contexts that highlights the complexity of cross-lin-
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guistic influence.  
The substitution patterns that appear to exist are thus, somewhat surprisingly, 

sophisticated, although we should acknowledge that the available data do not al-
low us to definitively ascribe any pattern of substitution to any given source of 
influence. A sketch only, the following you may speculate, might play a role:  
 EP features that may originate from the influence of, along with: alveolar stop 

articulations, codas, formal speech.  
 BP influence: dental stop allophones, open syllable preference in casual speech  
 CV template, labiodental and alveolar fricatives: Bantu language influence  

Such hypothesized influences would need to be confirmed by controlled com-
parative studies, including suitably matched monolingual and bilingual groups.  

Conducting action research as a classroom teacher, this study highlights one of 
the advantages of situated, context-specific investigation in identifying solutions 
to pedagogical challenges. At ISPC, the results are immediately actionable because 
instruction can be tailored to local data on pronunciation difficulties. The peda-
gogical recommendations—ranging from explicit articulatory instruction, to per-
ception training with aural support, position-specific practice, and incorporation 
of professional vocabulary along with teacher workshops—offer a practical scaf-
fold for how to tackle the challenges documented here. Recent studies (e.g., In-
ceoglu, 2021) showed that explicit teaching, together with pronunciation aware-
ness through self-reflective journals, can substantively enhance L2 phonetic de-
velopment; thus supporting the pedagogical approach proposed here. After ana-
lysing pronunciation issues faced by South African foundation students, Demana 
(2025) also called for explicit phonetics instruction and the use of technology to 
enhance pronunciation as well as teacher training for teachers as practical solu-
tions.  

Several limitations should be acknowledged. The sample size of 18 participants 
from a single institution limits generalizability. The word-list reading task may 
lead to more careful speech than in spontaneous production and could thus relate 
positively to accuracy. This alone provided some insights, but Center of Gravity 
and duration were the only acoustic parameters analyzed—others could prove 
helpful as well. Concerns about how naturalistic assessment relates to speech pro-
duction outside the clinic were previously addressed by Tienkamp et al. (2023), 
who showcased a clinical phonetic analysis of spontaneous speech and highlighted 
its utility for future research, including contrastive studies between read and spon-
taneous output. Attention perception data were never collected, so the relation-
ship between perception and production was not explored. Kostromitina & Plon-
sky (2022) offered a meta-analysis of elicited imitation tasks as L2 proficiency 
measures and discussed potential methodologies for future perception studies. A 
meta-analysis by Chen (2022) specifically explored the effect of mobile learning 
on English teaching effectiveness and proposed adding technology-enhanced in-
struction into future educational interventions. 

Future studies would expand the scope of this exploration through 1) larger-
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scale studies in other Angolan institutions; 2) perceptual studies investigating the 
perception-production relationship; 3) longitudinal research investigating devel-
opmental trajectories and differences between language groups at different ages 
and grades; and finally, 4) intervention trials where teaching methods are empir-
ically evaluated. For instance, Coulter-Kern (2021) investigated the acquisition of 
the interdental fricative in Spanish by study-abroad students and highlighted the 
importance of longitudinal research for understanding phonological develop-
ment. Significantly, Hui et al. (2022) examined bilingual prefabs and code-switch-
ing before identifying that habitual language mixing might correlate with differing 
processing patterns — a research avenue worth exploring in the multilingual Ca-
binda environment. Vignoli (2024) investigated the perception of interdental fric-
atives by Italian learners and suggested a methodological framework for examin-
ing dialectal effects. Muller et al. (2024) focused on multiword adverbs in Brazilian 
Portuguese and European Portuguese and offered differences between both in 
their analysis, reaffirming that these varieties continue to diverge, which might 
influence L2 acquisition. 

In providing new empirical data from the relatively under-studied context of 
Angolan Portuguese, this investigation thus makes a dual contribution: to theo-
retical work on hybrid L1 phonological transfer systems and knowledge that can 
inform EFL teaching practices in Angola’s complex multilingual ecologies. In-
gram and Babatsouli (2024) highlight that research into how children acquire 
phonology across languages needs to include the full spectrum of phonological 
systems, and this study adds to this goal by documenting patterns in an under-
represented context. The findings are expected to illuminate the work of ISPC’s 
students and teachers, as well as engender additional linguistic research on An-
gola’s rich linguistic landscape. 
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