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Lay Abstract

In linguistics, prosody encompasses the rhythm, stress, and intonation of speech, which

plays an important role in the language-learning process. When adults don't have the meaning of

words to rely on, they often use these rhythmic cues to remember them better. This research

involved three tasks: processing the beat of music, learning foreign words through nursery

rhymes, and then recognizing those words from a list. The results showed that rhythmic and

timing cues are helpful for remembering words. Also, individuals with better rhythmic skills may

demonstrate better word memory. This study suggests that using nursery rhymes could be an

effective tool for teaching adults new languages.
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Abstract

In linguistics, prosody encompasses the rhythm, stress, and intonation of speech, and this

plays an important role in the language-learning process. This study seeks to understand this

phenomenon further, providing novel language learning data with nursery rhymes as a vehicle to

teach adults foreign words. Building on models of Dynamic Attending Theory and Phonological

Short-Term Memory, it was theorized that the accuracy of foreign word learning is predicted by

the prosodic cues present in the word’s learning context. This experiment included 3 tasks to

explore this theory. Task 1 tested how accurately the participant processed the beat of a musical

sequence. In Task 2, participants learned foreign words in a nursery rhyme context. Finally, in

Task 3, participants were asked to identify which words they recognized from a large list of

foreign words. Results showed a significant effect for prosodic cues’ influence on word memory.

Specifically, temporal and rhythmic cues hierarchically facilitate phonological short-term

memory, as represented in this paper’s proposed theoretical model. A potential link was also

found between individual rhythmic ability and memory of foreign words. Overall, the present

thesis offers a theoretical understanding of the use of nursery rhymes during adult foreign

language learning.
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1 Introduction

When children acquire language, adults use nursery rhymes and songs to engage with

language development. However, when adults desire to learn a new language, the traditional

teaching methods are usually focused on vocabulary and grammar rules. This paper seeks to

explore nursery rhymes as a prosodic vehicle to teach foreign words to adults. Very little is

understood about the mechanisms that could allow prosodic cues to facilitate memory for foreign

word forms. Nursery rhymes are ideal experimental stimuli to test this gap in knowledge as one

can manipulate both temporal and rhythmic cues in rhyme contexts. In doing so, this paper uses

theories in cognitive science, such as Dynamic Attending Theory, Working Memory Theory, and

the Phonological Loop Theory, as possible conceptual frameworks to understand the role of

prosodic cues in language acquisition. Section 1 of this thesis provides key concepts and a

comprehensive summary of current theories involving short-term memory and rhythm. Sections

2 and 3 describe and interpret the experimental work conducted for this thesis. Section 4

summarizes the theoretical contributions made by the data presented in this thesis.

1.1 Dynamic Attending Theory

Acoustic rhythms tend to be associated with music, but they are also present in regular

speech. Human speech naturally has a regular rhythmic structure that allows listeners to tune in

to temporal patterns, which include timing information (Li et al., 2019). In the English language,

rhythm regularity can be identified through the consistent variations between strong and weak

syllable pronunciation. Dynamic attending theory (DAT), described by Mari Riess Jones (Jones,

2019), seeks to explain the interaction between the external rhythms present in the environment,

and the internal rhythms present in our brain’s cortical system. DAT relies on the synchrony
1
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between these rhythms. Synchrony is achieved through a dynamic activity called attending,

during which the attendee tunes into rhythmic cues in real time. In natural speech, these timing

and rhythmic cues are present in the prosodic patterns of the speech stimuli. As the attendee is

exposed to prosodic rhythms, the brain’s cortical oscillations entrain to the timing cues, allowing

for synchrony between the internal and external rhythms. Entraining to speech allows the

attendee to create predictions about the time of arrival of incoming critical information (Hickok

et al., 2015). Predictions are represented in the brain by attentional pulses, each of which

demonstrates an expectancy profile about the occurrence of significant information (Jones et al.,

2002; Jones, 2019). Figure 1 includes a visual representation of DAT’s entrainment model.

Figure 1. A visual representation of the Entrainment Model, taken from Jones et al. (2002).
Attentional pulses are modulated by a rhythmically regular stimulus with fixed interonset time
intervals (IOI). The oscillator period (arrow) is the time interval between attentional pulses. The
oscillator phase (dashed line) corresponds to the time difference between the peak of an
attentional pulse and the onset of a stimulus tone. The insert illustrates a predicted expectancy
profile for a single attentional pulse: accuracy is shown to be greatest when the peak of an
attentional pulse aligns with the onset of a stimulus tone.

Empirical studies have explored the significance of these predictions in relation to

perception. One such study found that when tonal stimuli were presented at unexpected times,

they were less accurately evaluated than tones that occurred at predictable time intervals (Jones

2



M.Sc Thesis - F. Ahmad, McMaster University - Cognitive Science of Language

et al., 2002). Another study by Kösem et al. (2018) used magnetoencephalography (MEG) to

examine the processing of sentences that had a change in speech rate. They found that

participants were entrained to the previous speech rate, even after the temporal change occurred.

This resulted in a biased perception of ambiguous words affected by the entrained rate of speech.

Such perception studies suggest that rhythmic regularity and the ability to entrain to stimuli

impact the accuracy of perception in the auditory domain. In sum, DAT suggests that during

perception, attention is dynamically modulated by rhythm. These modulations generate

expectations about the time of arrival of critical information. Accurate predictions about the

occurrence of an event optimize its processing (Morillon et al., 2015).

Some theories differ from DAT by stating that the attentional pulses released by the brain

are not predictive, but reactive (Jones, 2019). Jones (2019) discusses that according to linguistic

theory, rhythmic cues evoke reactive pulses due to the saliency of their features, such as the

heightened loudness of stressed syllables, which stand out and cause an enhanced brain response.

However, DAT makes a distinction between internally driven predictions (attending) and

stimulus-driven reactions (rhythmic salience). This study seeks to explain a possible interaction

between these two theories.

1.2 The Phonological Loop

Working memory (WM) is the temporary short-term memory store for small amounts of

information. Long-term memory, on the other hand, holds the wide array of information stored

over one’s life (Cowan, 2014). The most widely accepted WM model was proposed by Baddeley

& Hitch (1974), who believe WM is involved in the execution of cognitive tasks such as reading,

problem-solving, and learning (Baddeley, 1983). This paper is concerned with the component of

Baddeley & Hitch’s WM model that deals with spoken and written language material: The
3
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Phonological Loop (Figure 2). The phonological loop consists of two parts: 1) Phonological

short-term store; and 2) Articulatory rehearsal. In the phonological loop, the listener perceives

auditory speech inputs, which are maintained in the phonological short-term memory store at a

phonemic level. Linguistically, phonemes are the smallest meaningful units of sound within a

word. However, these memory traces are subject to rapidly decay from the short-term memory

store, unless they are actively refreshed using an articulatory rehearsal process. Articulatory

rehearsal is a subvocal process which allows speech information to maintain its place in the

memory store, causing a loop. The term “phonological short-term memory” (pSTM) refers to

this process and the WM for speech stimuli.

Figure 2. A visual representation of Baddeley’s (1986) proposed phonological loop model. Verbal
information is maintained in the short-term memory store through articulatory rehearsal.

Though the phonological loop is a widely-accepted model, it has also been criticized

(Caplan, 1992; Service, 1998). One main criticism lies with the effect of “word length”.

Baddeley et al. (1975) found that serial accuracy is better for temporally shorter words compared

to longer words. This was based on experimental data that compared recall accuracy for word

sets with different articulatory durations, but equal phonological complexity. According to the

phonological loop, the effect of “word length” occurs because shorter words can be rehearsed

more frequently, and therefore are less likely to decay from the memory store before recall

4
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(Mueller, 2003). However, researchers such as Caplan (1992) and Service (1998) argue that it is

the phonological structure of a word that determines the word length effect, not the features of its

articulation (Baddeley, 2007). In fact, Caplan (1992) found that in some cases, longer words

were remembered better than shorter words. The exact word features that determine the rate of

decay in pSTM is still a topic of debate. This study aims to help define the prosodic features that

make words easier to retain in one’s pSTM.

1.3 Prosody and Speech

In linguistics, the temporal structure of a language can be categorized by its prosody,

which includes the loudness, pitch, and duration of sound in units of speech. Together, these

acoustic and prosodic cues make up the rhythm of a language. Rhythm is a salient feature of

language that may impact the efficiency of pSTM, and language acquisition in general. Mehler et

al. (1988) found that already newborn infants are able to distinguish between languages solely

based on their prosodic patterns. This ability indicates that infants rely on rhythmic information

as they acquire language because they cannot yet use semantic context (meaning associations) to

learn words. Similarly, when adults learn new foreign languages, the lack of semantic context

forces them to also rely on rhythm and temporal cues to successfully learn word forms (Langus

et al., 2017). This is because before one can truly adopt a new word into one’s lexicon

(vocabulary), one must first process its physical and rhythmic properties to be able to create

semantic associations with the word form.

A key step to infant language acquisition is the ability to segment words within a

continuous speech stream. Prosody is extracted as a reliable cue for speech segmentation in

infants (Saffran et al., 1996). Similarly, one study (Endress & Hauser, 2010) found that adults are

able to extract prosodic cues from natural speech to segment words in foreign languages. The
5
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authors found that adults demonstrate this ability even with languages that have critically

different prosodic features from their native language.

Segmenting words from a continuous speech stream is also an important process for

speech perception in general. Many existing studies have demonstrated that during language

comprehension, rhythmic regularity realized by prosodic features such as loudness and duration

can facilitate syntactic and semantic processing of known languages (Cason & Schön, 2012;

Magne et al., 2007). This is because rhythmic regularity enhances the listener’s ability to predict

incoming stress locations in a sentence (Rothermich et al., 2012). Rhythmic regularity that is

characterized by consistent alternations of stressed and unstressed syllables is called metric

regularity. Stressed syllables are information-heavy, and predictions about their occurrence

lessen the noise and ambiguity inherent to the speech stream, which facilitates the semantic

integration of unexpected words (Rothermich et al., 2012; Altman & Carter 1989). Therefore,

rhythmic regularity is assumed to enhance comprehension, and one may extend the effect of

rhythmic regularity to pSTM and the efficiency of the phonological loop.

However, a large portion of memory literature indicates that, on the contrary, items

occurring in regular auditory patterns are less salient to a listener, and therefore leave weaker

traces in memory (Kimball et al., 2019). This is evidenced by studies that found that memory is

enhanced for contextually novel items, regardless of the particular feature that makes the event in

question novel (Hunt, 1995). These findings suggest that contextually irregular items divert one’s

attention, thus modulating the encoding of the event in memory (Ranganath & Rainer, 2003).

Kimball et al. (2019) tested this effect by measuring memory for words against their rhythmical

contexts. In rhythmically regular sentences, they embedded target words that either matched the

rhythm of their context or did not, making them rhythmically irregular and novel to their context.

6
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They found that words with contextually irregular patterns were remembered better than

rhythmically regular words. Kimball et al. (2019) argue that listeners attune to metrical structure,

and while rhythmic regularity leads to entrainment and better processing in the moment, salient

rhythmically novel features play a beneficial role in language retention and memory. This

disconnect between rhythmic regularity’s effect on speech perception and speech memory is

further investigated in the current study.

1.4 Nursery Rhymes as a Vehicle for Language Learning

When an English adult hears the beginnings of Humpty Dumpty, they may be reminded

of the songs and poems they learned in their childhood. In fact, the poems and songs from one’s

youth tend to stay fresh in the mind no matter how much time has passed (Shwetha & Phil,

2013). Nursery rhymes are short poems that invite children to the joint activity of sharing a story,

teaching a lesson, or singing along to a melody. Nursery rhymes have a highly rhythmic nature

and tend to include rhyming words within their prose (Temple, Martinez, & Yokota, 2011).

Though English nursery rhymes are nowadays typically used while engaging with children, their

origins date back to the 1600s and were derived from adult songs, vendor’s cries, and religious

traditions (Sayakhan & Bradley, 2019). Over time, nursery rhymes were adopted into children’s

lives by being recited at home, in school, and during child’s play (Sayakhan & Bradley, 2019).

The use of hyperbole and exaggeration along with rhyme, repetition, and humour work together

to create attractive stories and characters for young children (Norton & Norton, 2011). Being

such a fundamental aspect of many children’s lives, nursery rhymes act as a natural vehicle for

language learning.

An important aspect of language acquisition in children is the development of

phonological awareness. Phonological awareness fosters a child’s ability to segment sounds,
7
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encode words, and spell phonetically (Harper, 2011). Vloedgraven & Verhoeven (2007) found

that rhyming performance and the skills of phoneme identification are vital aspects of

phonological awareness. Phonological awareness is also a beneficial precursor to children’s

literacy preparation. In fact, children entering kindergarten are expected to have an

understanding of the sound-based system of their language, including rhyming skills, before they

begin reading instruction (Lonigan, Burgess, & Anthony, 2000). Many studies have found a link

between nursery rhyme knowledge in children and future success in reading, writing, and

spelling (Bradley and Bryant 1983; 1985; MacLean et al., 1987; Harper, 2011). Bryant et al.

(1990) proposed a theoretical model to describe the connection between nursery rhyme

knowledge (phonological awareness) and reading success. Figure 3 includes a visual

representation of their model. Bryant et al. (1990) proposed that sensitivity to rhyme eventually

leads to phoneme awareness, and thus, plays a role in the child’s literacy skills. This is because

rhyming involves segmenting phonemes and syllables. In linguistics, syllables are broken down

into their onset and rime. The onset includes all phonemes before the syllable’s vocalic nucleus,

and the rime is everything from the syllable core and onwards. Recognizing rhyming involves

breaking down and identifying the syllable’s rime segment (Maclean, Bryant, & Bradley, 1987).

For example, to recognize that cat and hat rhyme, one must understand that they have the

common ending sound “at” (Maclean, Bryant, & Bradley, 1987).

Figure 3. A visual representation of the theoretical model to describe the connection between
nursery rhyme knowledge (phonological awareness) and reading success. Taken from Bryant et
al. (1990).

8
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The benefit of nursery rhymes has been recognized by language teachers, and their

application has been explored in English as a Foreign Language (EFL) studies. Multiple EFL

studies have tested the use of nursery rhymes on young learners of English in countries like

Indonesia and Iran (Hery & Arshad, 2020; Khorasgani, 2016; Pourkalhor & Tavakoli, 2017).

These studies found that English nursery rhyme and song exposure had a significantly positive

effect on English vocabulary and listening comprehension for children learning English.

However, no found studies have explored using English nursery rhymes to teach foreign

languages to adults. This study seeks to explore whether nursery rhymes can be a vehicle for

language learning with adults and the theoretical implications of their potential success.

1.5 The Current Study

This study investigates the rhythmic features that facilitate foreign word memory. Task 1

investigates individual beat perception abilities, Task 2 explores immediate memory for foreign

words inside nursery rhymes, and Task 3 tests long-term recognition memory for foreign words

encountered inside nursery rhymes. This work also proposes a theoretical model for the

interaction between internally-driven predictions and external rhythmic cues. It is proposed that

these processes work together through prosodic cues to activate pSTM and learn novel word

forms. Additionally, this experiment is the first, to our knowledge, to use English nursery rhyme

stimuli to teach adults foreign language forms. The research questions of this thesis are: 1) How

do prosodic cues facilitate memory for foreign words? 2) How may the findings bridge the gap

between models of working memory and attending? 3) Does individual rhythmic ability impact

the efficiency of phonological short-term memory? 4) Are nursery rhymes an effective language

teaching tool for adults?
9
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2 Methods

2.1 Participants

For this study, 42 participants were recruited (35 females, mean age = 19.1 years, SD =

1.5 years) (7 males, mean age = 19.4 years, SD = 1.7 years). Participants were recruited through

McMaster University’s research participation system (SONA) and were enrolled in the streams

of Linguistics and Languages or Psychology, Neuroscience, and Behaviour. Participants were

also recruited through physical flyers and social media posts distributed throughout the Hamilton

community.

Participants were first screened to ensure their eligibility for the experiment. All

participants were required to be self-declared Native English speakers. During recruitment, we

selected participants who were categorically English-dominant speakers. English-dominant

speakers are those who learned English before the age of 5. This criterion was motivated by

behavioural evidence that suggests language competence in bilingual speakers is

indistinguishable from that of monolingual native speakers when first bilingual exposure is

experienced before the age of 5 (Kovelman et al., 2008). All participants also reported having

normal hearing, no language impairments, and no prior knowledge of Urdu or any other

Indo-Aryan languages1.

The data of 4 participants were partially discarded for some tasks due to failure to meet

screening requirements or technical issues. Screening and demographic information were

collected prior to the experiment online through Limesurvey software. Written consent was

1 This experiment required participants to learn foreign Urdu words. Indo-Aryan languages are used as a
categorization for dialects that share many linguistic characteristics such as phonology, grammar, vocabulary, and
writing systems (Jain & Cardona, 2004). Therefore, because Urdu is a member of this language family, knowledge
of any Indo-Aryan dialect would severely impact the novelty of the foreign Urdu words.

10
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obtained before proceeding with the experiments. After completing the experiment, participants

were provided with a debriefing sheet and a course credit. Participants were also sent study

results if requested in the Letter of Information and Consent Form. This study protocol was

cleared by the McMaster Research Ethics Board (MREB) in Hamilton, Ontario, Canada.

2.2 Tasks and Procedure

This experiment consisted of three tasks: Beat Alignment Task, Nursery Rhyme Task,

and Word Recognition Task. All tasks were completed in-person and during one study session,

which lasted around 1-hour. The experimenter remained present in the lab room throughout the

study session and led the participant through each task with both verbal and written instructions.

The experimenter also ensured accurate data collection and scoring for the tasks. Each task was

preceded with practice trials to familiarize the participants with the task and ensure that they

accurately understood the instructions. Participants were given the opportunity to take breaks

between each task if they required any.

Responses for the nursery rhyme task were audio recorded in a sound-proof audio booth

using the Audacity software (Version 3.4.1) and a lab microphone (AKG C1000S).

2.2.1 Beat Alignment Task (BAT)

This task was adopted from Dalla Bella (2016), who developed the Battery for the

Assessment of Auditory Sensorimotor and Timing Abilities (BAASTA). The BAASTA consists

of a collection of time perception and production tasks that assess an individual’s timing and

rhythm abilities. From the BAASTA, we used only the BAT as it provides a well-rounded

assessment of an individual’s competence for beat and timing perception. The BAT was

conducted on an android tablet, which stored the software for BAASTA. Due to the restrictions

11
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of the software developed by Dalla Bella (2016), headphones were not used during this task, and

we relied on tablet speakers. To compensate for the unideal audio quality, participants conducted

a volume check first to adjust the speakers to a level that was comfortable for them.

In the BAT, participants heard musical sequences that had an overlying metronome beat

play over them. Participants were asked to discriminate whether the beat aligned with the music

or not. Prior to the task, the experimenter provided a thorough explanation of what a beat is and

how to identify it in the stimuli. After hearing the musical sequence, participants were prompted

to provide their response on the tablet by tapping one of two buttons (i.e., ALIGNED; NOT

ALIGNED). A NOT ALIGNED trial was characterized by the overlaying metronome beat

preceding or following the real beat of the music by 33% of the inter-beat intervals (IBIs). The

responses were scored based on the number of hits, and final scores were represented by

individual DPrime (d’) values. There were 3 speed conditions for the music in this task (i.e., fast,

medium, and slow). The tempos for the speech conditions were characterized by IBIs of 450,

600, and 750 ms, respectively. Participants heard all 3 speed conditions during the 72 trials.

The BAT stimuli2 consist of four computer-generated musical fragments. Two fragments

were selected from Bach’s “Badinerie”, whilst the other two were from Rossini’s “William Tell

Overture”. Each musical excerpt played for a length of 20 temporal beats. The overlaying beat,

used to distinguish for alignment, was superimposed on each excerpt at the 7th temporal beat. 24

trials presented a beat that aligned with the music, while 48 trials presented the music with a

non-aligning beat. Participants conducted 4 practice trials, followed by 72 total test trials for this

task.

2 The following information for this particular task was retrieved from Dalla Bella et al. (2017), Battery for the
Assessment of Auditory Sensorimotor and Timing Abilities, and is a summarized description of the stimuli used in
the BAT. This publication can be accessed for a full account of the stimuli used in this task.

12
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2.2.2 Nursery Rhyme Task

This task was coded on PsychoPy (Version 2023.2.3) experiment-building software and

run on an external link (Pavlovia) through the desktop iMac lab computer. Participants wore lab

headphones (SONY) for the duration of the task. In the Nursery Rhyme Task, participants

listened to an English nursery rhyme with two Urdu foreign words embedded in rhythmically

salient positions (i.e., a rhyming Urdu word at the place of the rhyme, an unrhyming Urdu word

at the place of the rhyme, an Urdu word randomly placed within the couplet). After viewing a

3-second fixation cross, they heard the rhyme again, but one of the Urdu words was not heard.

During this recall phase, the audio was paired with a visual prompt where the full rhyme was

written out, but the recall word was replaced with a fill-in-the-blank space. At the end of the

recall presentation, participants verbally recalled the target foreign word. If a participant was

unable to recall a word, they were prompted to say blank. Participant responses were

audio-recorded using Audacity (Version 3.4.1) software to ensure accurate scoring after the

experiment. Scoring was conducted using three different scales at the phonemic level. One point

was given for each correctly recalled consonant on the consonant level, one point for each

syllable on the syllable level, and one point for each word on the word level. Due to the

phonological differences between English and Urdu, foreign consonant production was marked

leniently and was determined by phonemic distinction in Urdu, rather than precise phonetic

pronunciation. The final scores were represented as proportions of consonants, syllables, and

words correct.

The nursery rhymes for this task were adapted from The Big Book of Nursery Rhymes

(Jerrold & Robinson, 1903). The stimuli consisted of 36 nursery rhymes in the test trials, along

with 2 nursery rhymes for the practice trials. The nursery rhymes were 2 couplets each, with 2

13
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foreign target words distributed in the couplets. Each nursery rhyme was further modified into 3

conditions (i.e., RHYMING, UNRHYMING, and RANDOM POSITIONS), resulting in a total

of 108 nursery rhymes and 216 total foreign words. The Nursery Rhymes were chosen based on

the probability of exposure to the verses, where traditional and extremely popular Nursery

Rhymes were avoided to diminish familiarity confounds within the stimuli. The majority of the

chosen Nursery Rhymes follow an “a a b b” rhyming structure, where in a 4-line poem, the last

words of the first two lines rhyme, and the last words of the last two lines rhyme. See Figure 4

for an example of the nursery rhyme task stimuli, where the highlighted word (1-2 syllables

long) indicates the foreign word target. The target word was either the first or second word

presented. A mixed effects analysis was later run on the data to examine any effects deriving

from word length or the presentation order of the target word. APPENDIX A includes a full list

of all final nursery rhyme task stimuli.

The 3 conditions for each nursery rhyme were counterbalanced between participants, so

one participant only heard one version of each nursery rhyme. The presentation order of the

nursery rhymes was pseudorandomized and further counterbalanced between participants to

account for order effects. The final version of the study included 6 different experiment versions

(i.e., Version 1A, Version 1B, Version 2A, Version 2B, Version 3A, Version 3B).

14



M.Sc Thesis - F. Ahmad, McMaster University - Cognitive Science of Language

RHYMING CONDITION

Hickety, pickety, my black

cobra,

She lays eggs for a جبڑا

(jabRaa) ;

Gentlemen come everyday,

To see what my black cobra

کاٹے (kaaTey)

UNRHYMING

CONDITION

Hickety, pickety, my black

cobra,

She lays eggs for a کھڑکی

(khiRki) ;

Gentlemen come everyday,

To see what my black cobra

کرسی (kursi)

RANDOM POSITION

CONDITION

Hickety, pickety, my black

cobra,

She داڑھی (daaRhi) for

October;

Gentlemen come everyday,

الگ (allag) what my black

cobra lay.

Figure 4. An example of the nursery rhyme task stimuli. The target word is highlighted and the
foreign words are presented in Urdu script, and English script (in the parentheses).

2.2.3 Word Recognition Task

This task was coded on PsychoPy (Version 2023.2.3) software and run on an external link

(Pavlovia) through the iMac desktop lab computer. Participants wore lab headphones (SONY)

for the duration of the task. In this task, participants were instructed that they would be tested on

their memory for the words just learned in the Nursery Rhyme Task. The participants heard

audio recordings Urdu foreign words one-at-a-time and discriminated whether the word had been

heard before or was new. If they had heard the word, they pressed the ‘P’ key on their keyboard,

if the word was unfamiliar, they pressed the ‘Q’ key on their keyboard. Reaction times were

recorded for this task and the final scores were represented by individual DPrime (d’) values.

Participants heard a total of 144 words for this task. 72 tokens were words they had heard

during the nursery rhyme task (tested on 36 words, not tested on 36 words), and the remaining 72

words were distractors that they did not hear during the Nursery Rhyme Task. The word order

was completely randomized. APPENDIX B includes a full list of all Word Recognition Task

stimuli.
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2.2.4 Recording of Stimuli

In this experiment, all stimuli were recorded by the author of this thesis: one female

speaker who was native in both Urdu and English. All recordings were completed in one session.

For the Nursery Rhyme Task, each rhyme was recorded in a single take where the speaker

code-switched between English and Urdu at the place of the foreign words. During the recording

session, a phonetician was also present to ensure good quality recordings and seamless

transitions between the two languages. The phonetician also helped the speaker maintain a

consistent rhythm across all stimuli recording, along with all other speech parameters, such as

loudness and pitch differences. The Nursery Rhymes were pronounced in the natural meter of

nursery rhymes, where stressed (S) and unstressed (x) syllables are realized rhythmically

throughout each stanza (Jacqueline, 1973).

For example:

Hickety, pickety, my black cobra, She lays eggs for a jabRaa

S xx, S xx, S x S x, S x S S x S x

The Word Recognition Task stimuli were recorded separately from the Nursery Rhyme

stimuli. Each word was recorded in the phrasal sequence “Say BLANK again”.

All stimuli were recorded on the Audacity software and were further processed on the

Praat software. Audio recordings were normalized to 70 dB loudness. For the stimuli heard

during the immediate recall phase of the nursery rhyme task, the target words were spliced out of

the recording on Praat. For the stimuli heard in the Word Recognition Task, using Praat, the

phrasal structure was spliced out of each recording to isolate the foreign words.
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3 Results

3.1 Beat Alignment Task

The data for 1 participant could not be analyzed in this task due to technical issues with

the BAT equipment.

BAT data was processed by researchers on Dalla Bella’s BAASTA team. The sensitivity

index (DPrime: d’) was calculated based on the proportions of Hits (correct identifications of

misaligned beats) and False Alarms (incorrect identifications of misaligned beats) (Dalla Bella et

al., 2024). The d’ was also calculated separately for each speed condition. Descriptive statistics

for the BAT are shown in Table 1.

Table 1. Descriptive statistics for the BAT. Columns represent the d’ values for each speed
condition of the BAT.

The density plot for the full BAT (Figure 5) demonstrates that the distribution of results

was not normal but right-skewed. This indicates that the results may have been subject to ceiling

effects. To understand this distribution, the BAT data must be analyzed against the norms that

were published by (Dalla Bella et al., 2024) for this task. Compared to the published norms,

participants in this study overperformed on the BAT (Table 2).
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Figure 5. A density plot of the performance on the Full Beat Alignment Task.

Full Test d’ Fast d’ Medium d’ Slow d’

Current Study
Results

3.54 2.89 3.04 3.11

Published
norms

3.02 2.46 2.61 2.83

Table 2. A comparison between the published d’ norms for each BAT condition (for participants
aged 18-21 years old), against the d’ results from this study.

3.2 Nursery Rhyme Task

The data for 2 participants was not included in the analysis of this task due to their failure

to meet the language screening requirements of no knowledge of Indo-Aryan languages.

The rhyming conditions led to a difference in recall accuracy for foreign words at the

consonant level (Figure 6). In the final analysis, consonant-level scoring was used because it

offers the most detailed measure of pSTM, providing finer accuracy compared to syllable or
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word-level scoring. It should be noted, however, that all levels of scoring showed the same

effects. On average, rhyming words presented in a rhyming context were remembered with the

numerically best accuracy (Mean = 0.76; Median = 0.75; SD = 0.13). Next, unrhyming words

presented in the rhyming context were remembered with the second-best accuracy (Mean = 0.69;

Median = 0.71; SD = 0.13). Finally, words in the random position condition with no expectation

of rhyming were remembered with the least accuracy (Mean = 0.63; Median = 0.65; SD = 0.16).

Figure 6. Nursery rhyme task, immediate recall performance on the proportion of consonants
correctly recalled. Each dot on the plotted graph is an individual data point. The horizontal lines
within the boxes represent the medians for each condition. The X within each box represents the
mean for that condition. The vertical lines (whiskers) represent the lower and upper 25% of
scores. Therefore, individual data points (dots) occurring outside of the whiskers are considered
to be outliers.

A Repeated Measures ANOVA was conducted to compare the effect of the rhyming

conditions on immediate recall accuracy for the foreign words. Comparisons were made between

the rhyming condition, unrhyming condition, and random positions condition. The results

demonstrated a significant difference in recall among the 3 different conditions [F(2, 76) = 19.8;

p = < 0.001).
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A linear mixed effects model (Table 3) was run on the Urdu word recall data to allow

words as well as participants as random effects, and to control possibly confounding factors. The

fixed effects were 1) Rhyming Condition; 2) Relative Recency to examine if there was an effect

of the target word having been presented first or second in the nursery rhyme; 3) Syllable Count

to examine an effect of the target word being 1 or 2 syllables long; 4) Rhyming Condition *

Relative Recency to examine an effect of the interaction between the rhyming condition and

presentation order of the target word (whether the recency of the target word had different effects

in the different rhyming conditions). Random intercepts were also included in the model.

Individual WORDS and PARTICIPANTS were both added as intercepts. Only the Rhyming

Condition showed to be a significant fixed effect on recall accuracy.

Table 3. Linear mixed effects model for the Nursery Rhyme Task. The table shows the fixed and
random effect factors used in the model.

Post hoc Comparisons were run on the Rhyming Conditions (Table 4). The pairwise tests

indicated that the significant main effect derives from the difference between the better recall in

the rhyming condition (“rhyme”) and poorer recall of the unrhyming words in the random

positions condition (“random positions”), whereas the two other differences were not significant.
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Thus, a phonologically predictable (rhyming) word form in a rhythmically salient position was

easier to recall immediately than a phonologically unpredictable (unrhyming) word in a

rhythmically non-salient position. Somewhat unintuitively, a phonologically unpredictable

(unrhyming) word in a rhythmically salient position was not significantly harder than a

phonologically predictable one.

Table 4. Post Hoc Comparison for the rhyming conditions from the linear mixed effect model for
the nursery rhyme task.

3.3 Word Recognition Task

The data for 3 participants could not be included in this task due to technical difficulties

with experiment equipment.

The overall proportions of correctly recognized words did not demonstrate any effect

deriving from the different rhyming conditions (Figure 7). On average, words presented in the

rhyming condition were recognized at chance with a mean accuracy of 0.50 (Median = 0.5; SD =

0.17). Words originally presented in the unrhyming condition were recognized with a mean

accuracy of 0.53 (Median = 05; SD = 0.7). Finally, words presented in the random position

condition were recognized with a mean accuracy of 0.49 (Median = 0.5; SD = 0.17).
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Figure 7. Word Recognition Task, long term memory performance on the proportions of correctly
recognized foreign words. Each dot on the plotted graph is an individual data point. The
horizontal lines within the boxes represent the medians for each condition. The X within each
box represents the mean for that condition. The vertical lines (whiskers) represent the lower and
upper 25% of scores. Therefore, individual data points (dots) occurring outside of the whiskers
are considered to be outliers.

The sensitivity index (d’) was calculated for this task based on the proportions of Hits

(correct identifications of words heard) and False Alarms (incorrect identifications of words not

heard). An ANOVA was conducted on the d’ to compare the effect of the rhyming conditions on

the ability to later recognize foreign words. Comparisons were made between the rhyming

condition, unrhyming condition, and random position condition. The results did not reveal a

significant difference in recognition among the 3 different conditions, F(2, 78) = 19.8; p = 1.00).

To further explore this lack of effect and seemingly chance performance, a linear mixed

effects model (Table 5) was run on the d’ data. The fixed effects were 1) Rhyming Condition; 2)

Syllable Count (to examine an effect of the target word being 1 or 2 syllables long). Random

intercepts were also included in the model. Individual WORDS and PARTICIPANTS were added

as intercepts. The only significant fixed effect on the long-term ability to recognize foreign
22
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words was word length in syllables (1 or 2), where shorter words were recognized more

accurately than longer words.

Table 5. Linear mixed effects model for the Word Recognition Task. The table shows the fixed and
random effect factors used in the model.

The reaction times in this task were also analyzed. The mean response time to recognize

words was 2.3 seconds long. An ANOVA was conducted to compare the effects of the rhyming

conditions on reaction times to recognizing foreign words. Comparisons were made between the

rhyming condition, unrhyming condition, and random position condition. The results

demonstrated no significant difference in recognition among the 3 different conditions, F(2, 78)

= 0.26; p = 0.77).

3.4 Correlations Between Tasks

A correlation matrix was run between tasks to test for individual differences (Table 6).

Only the BAT was found to be significantly correlated with overall performance on the nursery

rhyme task when using Pearson’s r (r = 0.329; p = 0.047). However, statistically significant

correlations were not found with Spearman’s rho.
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Table 6. Correlation matrix comparing all 3 tasks: Beat Alignment Test, Nursery Rhyme Task,
Word Recognition Task.

4 Discussion

4.1 Interpretation of Results

This study used three tasks to understand the following questions: 1) How do prosodic

cues facilitate memory for foreign words? 2) How may the findings bridge the gap between

models of working memory and attending? 3) Does individual rhythmic ability impact the

efficiency of phonological short-term memory? 4) Are nursery rhymes an effective language

teaching tool for adults?

The Beat Alignment Task tested individuals’ beat perception ability. Overall, participants

performed best during the slow speed condition of the task. Next, participants performed

second-best on the medium speed condition, and the fast speed condition resulted in the worst

performance overall. However, task performance was close to ceiling for many participants as

seen by the right-skewed distribution of scores. These results are consistent with the norms for
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this task, as published by its creators. The participants in this study had overall even better

performance than those in the original study.

The Nursery Rhyme Task used English rhymes as a vehicle to teach participants

immediate recall of foreign Urdu words. Nursery rhymes were chosen because they allowed the

experimenter to manipulate 2 levels of prosodic cues: Temporal context priming and

rhythmic/phonological priming. By placing the foreign target word at the place of the original

rhyming word, the participant’s ability to attend to temporal cues could be analyzed. It was

hypothesized that if recall for the target word improved when it was temporally located at the

place of the expected rhyming word irrespective of whether the foreign word included the

expected rhyme or not, then participants were relying on that cue to make temporal predictions

about the target word. Rhythmic/phonological priming cues were analyzed by manipulating the

phonological rhyming of the target word. It was hypothesized that if phoneme segmentation is a

reliable cue to facilitate pSTM, then immediate word recall would improve in the presence of

rhyming compared to not rhyming. The results for this task indicated that pSTM for foreign

words was best in the rhyming condition, where both temporal context and

rhythmic/phonological cues were present. Word recall was second best for the unrhyming

condition, where temporal context cues were present, but rhythmic/phonological cues were not,

although the difference between rhyming and unrhyming words did not reach significance.

Finally, word recall performance was worst for the random position condition, where neither

temporal context nor rhythmic/phonological cues were present to facilitate pSTM.

A central research question had been: How do prosodic cues facilitate memory for

foreign words? It was found that the presence of a combination of temporal context and

rhythmic/phonological cues significantly facilitated pSTM for foreign words. The exact

25



M.Sc Thesis - F. Ahmad, McMaster University - Cognitive Science of Language

mechanism of prosodic facilitation in the phonological loop is outlined in a model proposed by

this paper (Figure 8). This paper proposes that in nursery rhymes, pSTM is modulated by both

temporal context and rhythmic/phonological cues in a hierarchical manner. While hearing a

nursery rhyme auditory input, temporal context cues are extracted from the stimuli and allow the

listener to entrain to the material. This allows the listener to make predictions about when critical

information will occur temporally within the upcoming nursery rhyme. These predictions

facilitate the attentional selection in processing of the stimuli, which aids WM. Next,

rhythmic-phonological cues, such as rhyming, can be extracted from the stimuli to guide the

listener’s attention toward salient information. This allows the listener to focus on what critical

phonological and prosodic information is being presented, further facilitating the processing and

memory of the stimuli. The proposed model suggests an interaction between models of working

memory and attending. The model also includes the process of articulatory rehearsal, as included

in the original Phonological Loop Model. Post-study results demonstrated that participants were

actively rehearsing the foreign words. When asked about their choice of strategy for the nursery

rhyme task, 72% of participants stated that they were listening for the foreign words, and

repeating them back to themselves. In the context of the proposed model, articulatory rehearsal is

also impacted by rhythmic/phonological cues as it involves the use of a prosodic template to

internally reproduce a specific word.
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Figure 8. A proposed model of the role of prosodic cues in pSTM. pSTM is effected by temporal
context cues, which allow the listener to make predictions about WHEN critical information will
occur. Next, pSTM is modulated by rhythmic/phonological cues, which allow the listener to
anchor WHAT critical information is occurring.

The proposed model also explains the disparity between the effect of rhythmic regularity

on processing and memory. As outlined in the introduction, in DAT (Jones et al., 2002; Kösem et

al., 2018; Morillon et al., 2015), rhythmic regularity is proposed to facilitate processing, whereas

in WM research, rhythmic regularity has not been found to facilitate memory (Kimball et al.,

2019; Hunt, 1995). The hierarchical structure of the proposed models accounts for this

inconsistency. Rhythmically regular temporal cues first facilitate processing through temporal

expectations, which indirectly facilitates WM. During this study, it was the rhythmically regular

structure of the nursery rhymes which aided in establishing temporal expectations. On the other

hand, rhythmically salient information that stands out contextually facilitates attention and

memory. During this study, it was the rhythmic/phonological rhyming which saliently aided in

capturing attention and facilitating memory. Therefore, to answer the research question: Are

nursery rhymes an effective language teaching tool for adults? One can conclude that the results
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suggest that participants were able to effectively use the temporal and rhythmic context created

by English nursery rhymes as a vehicle to learn the forms of foreign Urdu words.

The Word Recognition Task aimed to test long-term memory for the words learned in the

Nursery Rhyme Task. No effect was found for the different rhyming conditions. Overall, the d’

values for correctly recognized words suggests that the results were completely at chance. In

other words, participants were guessing on most of the words and were not prepared for a

long-term memory task. This is confirmed by post-test data, where 66% of participants claimed

that they guessed during the majority of the task. It is concluded that the experimental design did

not accurately capture the long-term memory for foreign words following the Nursery Rhyme

Task.

This study also asked: Does individual rhythmic ability impact the efficiency of

phonological short-term memory? A statistically significant correlation was found between the

performance of the BAT and the Nursery Rhyme Task (Pearson’s r). However, the same

statistically significant correlation was not found with Spearman’s rho, likely due to both the

skewed distributions in the BAT (at ceiling). Although the correlation result must be treated with

caution, it suggests that individuals with better beat perception abilities also may have better

memory for foreign word forms in Nursery Rhyme contexts. It is possible that rhythmic ability is

a predictor for word learning ability. Therefore, similar cognitive mechanisms may be used in

perceiving musical beat alignment and in establishing pSTM representations for foreign words.

Recent developmental neuroscience evidence pinpoints temporal sampling deficits as a possible

cause for developmental dyslexia (Goswami, 2011; Lehongre et al., 2011). The results from this

thesis provide a rationale for using rhythmic training to aid language processing and acquisition,

for both neurotypical adults and individuals with Developmental Language Disorder (DLD). To
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further test how individual rhythmic ability correlates with WM and language skills, future

research should include more tasks that assess an individual’s rhythmic aptitude.

During participation, all 42 participants did not qualify to complete every single task,

though their data was still included in the analysis. Specifically, 1 participant’s data was excluded

from the BAT due to technical difficulties, 2 participants’ data was excluded from the Nursery

Rhyme Task due to language history, and 3 participants’ data were eccluded from the Word

Recogntition Task due to language history and technical difficulties. However, this should not be

considered a limitation of this study as each task was analyzed separately. In the correlational

analysis, those 4 participants, were not included.

4.2 Limitations

A few shortcomings should be addressed for this study. When choosing the nursery

rhyme stimuli, efforts were made to ensure that the rhymes were not traditionally popular among

participants. By choosing unfamiliar nursery rhymes, the task would not be subject to familiarity

effects. However, in the post-study survey, some participants indicated that at least one of the

nursery rhymes was familiar, although the specific nursery rhyme was not consistently familiar

between participants. In future studies, it may be beneficial to curate new nursery rhymes to

avoid any familiarity effects.

Similarly, familiarity of foreign words could also be a confounding factor. Because this

study used real foreign target words, it is possible that the words were similar to those in

individual participants’ lexicons. This is relevant as the research was conducted in Southern

Ontario, where the population speaks many different languages. The post-study survey indicated

that 5 participants felt the foreign language was similar to a language they knew, despite the

languages not belonging to the Indo-Aryan family.
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Finally, the Word Recognition Task did not reflect expected results for long-term memory

of foreign words. After completing the Nursery Rhyme Task, participants may not have

attempted to maintain the target words in their memory. This may have been because participants

were not aware that an upcoming long-term memory task would occur. Such explicit knowledge

would likely have changed how participants interacted with the stimuli in the previous task.

However, it could also have directed attention away from the temporal structure of the nursery

rhymes.

5 Conclusion

This study explored the impact of prosodic cues on memory for foreign words in a

nursery rhyme context. This thesis provided novel language learning data on adults. The results

demonstrated a significant effect for prosodic cues’ influence on foreign word memory.

Specifically, temporal and rhythmic cues may hierarchically facilitate phonological short-term

memory, as represented in a proposed theoretical model. The results also suggested that nursery

rhymes can be used as a language learning tool for adults. Finally, a potential link was found

between individual rhythmic ability and immediate memory for foreign words. Such results

suggest that rhythmic training might aid language processing and acquisition, for both

neurotypical adults and individuals with DLD or other developmental language disorders. Future

research should continue to use nursery rhymes as a vehicle to teach adults foreign languages.

The nature of nursery rhymes will also allow future work to explore how temporal and rhythmic

ability align with working memory and language skills.
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