Appendices
Sound Waves to Meaning: A Physics-Based Acoustic Analysis of Prosody and Intelligibility in EFL Speech
The following appendices document the controlled reading passage, acoustic rationale, spontaneous speech prompts, recording specifications, and illustrative spontaneous speech excerpts used to support the acoustic-perceptual design of the study.
Appendix A. Controlled Reading Passage
Instructions to participant: Please read the following paragraph at a natural pace. Imagine you are speaking to a friend in a quiet room.
"The ship sailed across the deep blue sea. Do you think the sheep on the coast felt the cold wind? My friend said it was a grand adventure, but I found the task quite hard. We had to pull the heavy ropes and clean the pool every morning. Technology is changing the way we travel, but education is still the most important tool for the future. Is it really possible to reach the top? I absolutely believe we can!"
The passage was designed to elicit vowel contrasts for Vowel Space Area (VSA) calculation, varied sentence types for pitch range analysis, and multisyllabic words for intensity, lexical stress, and rhythm analysis using the Pairwise Variability Index (PVI).


Appendix B. Acoustic Rationale for the Controlled Reading Passage
The controlled reading passage was structured to provide comparable acoustic material across participants while eliciting resonance, frequency, amplitude, and duration-related features relevant to the study.
Table B1
Targeted vowel contrasts for VSA and resonance analysis
	Contrast
	Target words in passage
	Acoustic purpose

	/ɪ/ vs. /iː/
	ship vs. deep/sheep
	To examine vowel-space separation between lax and tense high front vowels.

	/ʊ/ vs. /uː/
	pull vs. pool
	To examine back vowel resonance and formant differentiation.

	/e/ vs. /æ/
	friend vs. grand
	To examine mid-front and low-front vowel distinction.

	/æ/ vs. /ɑː/
	task vs. hard
	To examine vowel quality and contrast across open vowel categories.


Note. VSA = Vowel Space Area.
Table B2
Sentence types and intonation targets
	Sentence type
	Example from passage
	Acoustic purpose

	Declarative
	The ship sailed across the deep blue sea.
	To elicit baseline pitch movement and sentence-final lowering.

	Yes/no question
	Do you think the sheep on the coast felt the cold wind?
	To elicit rising or sustained pitch movement associated with questioning.

	Question with evaluative emphasis
	Is it really possible to reach the top?
	To examine pitch movement, phrasing, and prominence under interrogative structure.

	Exclamatory
	I absolutely believe we can!
	To elicit higher pitch range, increased intensity, and expressive prosody.


Table B3
Lexical stress and rhythm targets
	Target area
	Examples
	Acoustic purpose

	Lexical stress
	technology; education; absolutely
	To examine intensity contrast and the acoustic marking of stressed syllables.

	Rhythm and PVI
	Function words: the, to, is; content words: adventure, morning, important
	To measure duration contrast between stressed and unstressed syllables.

	Phrase-level timing
	We had to pull the heavy ropes and clean the pool every morning.
	To observe pausing, articulation rate, and syllable-duration organization.


Note. PVI = Pairwise Variability Index.


Appendix C. Spontaneous Speech Prompts
Instructions to participant: Please choose one of the following topics and speak freely for about 60 to 90 seconds. Do not worry about perfect grammar; focus on expressing your ideas clearly.
Table C1
Spontaneous speech prompts
	Topic
	Prompt

	Education
	Talk about your experience as a scholarship student at the University of Ha’il. What has been your favorite class so far?

	Technology
	Do you think artificial intelligence and smartphones help or hinder students when they are learning a new language?

	Hobbies
	What do you enjoy doing in your free time in Ha’il? How do these activities help you relax?

	Future plans
	Where do you see yourself in five years? Describe the kind of career you hope to have after graduation.





Appendix D. Technical Recording and Analysis Specifications
The following specifications were used to standardize recording quality and ensure that the audio files were suitable for acoustic analysis.
Table D1
Technical specifications for recording and analysis
	Specification
	Description

	Audio format
	Mono WAV, 44.1 kHz, 16-bit.

	Recording equipment
	Cardioid condenser microphone.

	Microphone distance
	Approximately 15–20 cm from the participant’s mouth.

	Recording environment
	Quiet room with consistent microphone placement and recording settings across participants.

	Recording software
	Audacity was used for audio capture, trimming when necessary, and WAV export.

	Acoustic analysis software
	Praat was used to extract pitch range, vowel space area, intensity contrast, PVI rhythm index, and articulation rate.

	Workflow
	Speech samples were recorded and exported in Audacity, then imported into Praat for acoustic measurement and analysis.





Appendix E. Illustrative Spontaneous Speech Excerpts by Proficiency Group
The following excerpts are organized by proficiency group and topic. They are presented to illustrate the acoustic and linguistic profiles used in the study’s interpretation of spontaneous speech performance.
Table E1
Proficiency-group profiles for spontaneous speech excerpts
	Group
	CEFR level
	Profile summary

	Group A
	B1 Lower-Intermediate
	Slow articulation rate, narrow pitch range, frequent pauses, and basic vocabulary.

	Group B
	B2 Intermediate
	Moderate articulation rate, improved pitch movement, clearer sentence structure, and more rhythmic stress.

	Group C
	C1 Upper-Intermediate
	Fast and fluid speech, wider pitch range, stronger intensity contrast, higher lexical diversity, and more expressive rhythm.


Group A: B1 Lower-Intermediate
Profile: Slow articulation rate, narrow pitch range, frequent pauses, and basic vocabulary.
Participant 1 (Arabic; Education): “I study... uh... in University of Ha'il. My favorite... is... Computer Science class. The teacher is good man. I like study here.”
Participant 2 (Turkish; Technology): “Technology... is help me. I use my phone... for translate words. It is... uhm... very good for student.”
Participant 3 (Indonesian; Hobbies): “In my free time... I go to mall. I walk... and see friends. I like Ha'il. It is... quiet city.”
Participant 4 (Arabic; Future Plans): “In five years... I want be... engineer. I go home... and work in big company. My family... is happy.”
Participant 5 (Nigerian; Education): “I like... university. The scholarship is... important for me. I learn English... every day. It is... hard but okay.”
Participant 6 (Turkish; Technology): “Smartphones... is not good for... sometimes. Students... uh... they play games. Not study. This is... bad.”
Participant 7 (Indonesian; Hobbies): “I like... football. In Ha'il... we play in park. It is... fun. I relax... with my team.”
Participant 8 (Indian; Future Plans): “Future... I want to... teach. I like... mathematics. I want... help kids in my country.”
Participant 9 (Mandarin; Education): “Ha'il is... hot. But people... very kind. I like... study here... in this room.”
Participant 10 (Japanese; Technology): “AI... is... difficult. I don't know... if it help. Maybe... for writing... it is okay.”
Participant 11 (Arabic; Hobbies): “My hobby is... coffee. I go... to many cafes. I talk... to my brother on phone.”
Participant 12 (Arabic; Future Plans): “I want... be... a doctor. I study... very much. It is... my dream... for future.”
Group B: B2 Intermediate
Profile: Moderate articulation rate, improved pitch movement, clearer sentence structure, and more rhythmic stress.
Participant 13 (Arabic; Education): “Being a scholarship student is a great opportunity. My favorite class is linguistics because I want to understand how languages work.”
Participant 14 (Turkish; Technology): “I think smartphones help students because we can find information quickly. But, if we use it too much, we lose focus on the books.”
Participant 15 (Indonesian; Hobbies): “In my free time, I enjoy hiking in the mountains near Ha'il. The view is very beautiful and it helps me relax after a long week.”
Participant 16 (Nigerian; Future Plans): “In five years, I hope to have a master’s degree. I want to work in the oil and gas industry in my country.”
Participant 17 (Arabic; Education): “The University of Ha'il is a big place. At first, I was lost, but now I have many friends from different countries.”
Participant 18 (Turkish; Technology): “Artificial intelligence is interesting. It can write essays, but I think students should write their own ideas to learn better.”
Participant 19 (Indonesian; Hobbies): “I like to cook traditional food from my home. It makes me feel less homesick and my friends here like to try it.”
Participant 20 (Nigerian; Future Plans): “My future plan is to open a small school. I want to use what I learned here to help others learn English.”
Participant 21 (Indian; Education): “I really enjoy the library here. It is very quiet and I can focus on my research projects without any noise.”
Participant 22 (Mandarin; Technology): “Technology makes the world smaller. I can talk to my parents in China every day using video calls. It is amazing.”
Participant 23 (Japanese; Hobbies): “I play the guitar when I am stressed. In Ha'il, I found a music club where we can practice together on weekends.”
Participant 24 (French; Future Plans): “I want to be a translator. I speak French and English, and now I am learning some Arabic in the market.”
Participant 25 (Arabic; Education): “I think education is the key for everything. If you have a good degree, you can find a good job anywhere in the world.”
Group C: C1 Upper-Intermediate
Profile: Fast and fluid speech, wider pitch range, strong intensity contrast, expressive intonation, and more complex phrasing.
Participant 26 (Arabic; Education): “Studying at the University of Ha'il has been a transformative experience. The academic rigour, combined with the cultural immersion, has truly broadened my perspective on global education.”
Participant 27 (Nigerian; Technology): “AI is definitely a double-edged sword. While it provides incredible resources for language acquisition, it also poses a risk to original thought if students rely on it too heavily.”
Participant 28 (Nigerian; Hobbies): “To unwind, I enjoy exploring the local heritage sites. There’s something incredibly peaceful about the desert landscape that helps me recharge for my studies.”
Participant 29 (Turkish; Future Plans): “In five years, I envision myself working as a consultant in international relations. This scholarship is the foundation I need to achieve that professional goal.”
Participant 30 (Indonesian; Education): “My favorite course has been intercultural communication. It's fascinating to analyze how our backgrounds influence our speech patterns and social interactions.”
Participant 31 (Indian; Technology): “Smartphone apps have revolutionized pronunciation training. Having instant acoustic feedback allows us to correct our errors in real-time, which is quite efficient.”
Participant 32 (Mandarin; Hobbies): “I’ve taken up photography since arriving in Saudi Arabia. Capturing the contrast between modern architecture and traditional markets is a wonderful creative outlet.”
Participant 33 (French; Future Plans): “I'm planning to pursue a PhD in Applied Linguistics. I’m particularly interested in how prosody affects the way non-native speakers are perceived in professional settings.”
Participant 34 (Korean; Education): “The faculty members here are exceptionally supportive. They don’t just teach the curriculum; they challenge us to think critically about the world around us.”
Participant 35 (Russian; Technology): “I believe technology should supplement, not replace, the classroom experience. The human element of teaching is something an algorithm simply cannot replicate.”
Participant 36 (Arabic; Hobbies): “Gardening in a desert climate has been a unique challenge, but it's taught me a lot about patience and resilience—traits that are also useful for my studies.”
Participant 37 (Arabic; Future Plans): “Ultimately, I hope to contribute to the development of my country’s infrastructure. The engineering skills I’m gaining here at Ha'il are vital for that mission.”

