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Sequence Makes a Difference: Effects of Differential Blended Instructions on English 

Word Stress Identification by Chinese Teenager Learners 

Abstract 

Previous studies highlighted the challenges faced by non-native learners in acquiring 

native-like word stress of English. This study delved into the impact of two blended instructions 

with differential sequences [explicit and then implicit instruction (EI); implicit and then explicit 

instruction (IE)] on English word stress identification by Chinese teenager learners of English, 

aiming to identify the possibly better blended instruction sequence. It also explored whether 

there is potential correlation between the instructional effects and memory systems. Eighty 

Chinese high school students participated in this five-week training study, with forty receiving 

EI and an equal number receiving IE. Their perceptual accuracy and reaction time collected 

from the pre-test and the immediate and delayed post-tests were compared and analyzed using 

the mixed-effects models. There were significant improvements in word stress identification 

through blended instruction, with the group of IE displaying better persistence effects. Besides, 

word stress identification improvements by EI were positively correlated with declarative 

memory, while perceptual improvements by IE exhibited a positive correlation with procedural 

memory. This study exhibited that the sequence of blended instruction led to differential 

learning and generalization effects, and suggested that IE could be more suitable for the 

improvements of word stress identification by Chinese teenager learners. Our findings lent 

support to the effectiveness of blended instruction, and provided the empirical evidence for the 

prediction of Declarative/Procedural Model on non-native language learning. Pedagogical 

implications for both typical and atypical populations were discussed.  
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Ⅰ Introduction 

In recent years, research on the second language (L2) phonology has increasingly shifted 

from segmental features to suprasegmental aspects such as intonation and stress, which are 

essential for L2 comprehensibility and intelligibility (Bu & Zhou, 2021; Chen et al., 2001; Field, 

2005; Lewis & Deterding, 2018). Among these, word stress stands out as a particularly 

challenging area for learners from non-stress languages like Chinese, making it a suitable and 

meaningful target for instructional research. Although models of stress typology suggest that 

speakers of non-stress languages can readily identify word stress in an L2 (Altmann & Vogel, 

2002; Altmann, 2006), most empirical studies have focused on advanced adult learners from 

various L1 backgrounds (e.g., Chinese: Chen, 2013; Japanese: Saito & Saito, 2017; Korean: Lin 

et al., 2014). Far less is known about how Chinese teenager learners with lower L2 proficiency 

perceive English word stress. In fact, another line of research indicates that Chinese learners of 

English often experience difficulties in perceiving English word stress (Lai et al., 2010; Wang, 

2008). Such mixed findings require a more systematic investigation towards English word 

stress identification by Chinese learners.  

Furthermore, it has been widely reported that the acquisition of L2 phonology involves not 

only the explicit explanation of rules but also the implicit exposure to the target sounds (Cai, 

2021; Ellis, 2002). Different from exploring the facilitative role of either implicit instruction or 

explicit instruction, recent studies focus on the blended instruction, which highlights that 

implicit and explicit instructions can be seen as complementary activities (Fainman & Tokar, 
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2019). In this aspect, researchers attempt to identify the sequence of implicit instruction and 

explicit instruction. Ellis (2009) advocates explicit explanation of rules before implicit teaching; 

conversely, Silveira (2002) suggests that teachers encourage direct imitation and provide 

explicit explanations only when students encounter difficulties in imitation. Though these 

studies investigated the effects of blended instruction, there is little evidence about the learning 

effect when implicit instruction and explicit instruction are integrally employed. To this end, the 

current study probed into the effects of blended instruction on the identification of English word 

stress, aiming to evaluate the better sequence of implicit instruction and explicit instruction, 

namely, which instruction method goes first can lead to larger gains, for Chinese teenager 

learners of English.  

1 The Role of Contextual Sentences in L2 Word Stress Identification 

Word stress is a crucial prosodic feature that significantly contributes to L2 speech 

intelligibility and comprehensibility (Field, 2005; Lewis & Deterding, 2018). Early research on 

word stress perception primarily focused on isolated words and examined learners’ sensitivity 

to acoustic cues such as pitch, duration, and intensity (Chrabaszcz et al., 2014; Zhang et al., 

2008). However, recent studies have increasingly emphasized the role of higher-level linguistic 

information in word stress perception, including grammatical category, semantic meaning, and 

syntactic structure embedded in contextual sentences (Lee et al., 2019; Ortega-Llebaria et al., 

2013; Wayland et al., 2006; Yu & Andruski, 2010). This is particularly important for stress 

contrasts in English (e.g., noun-verb pairs), where grammatical categories can facilitate more 

accurate stress placement (Davis & Kelly, 1997; Lai et al., 2010).  

For example, Wayland et al. (2006) investigated the influence of syllabic structure and 
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lexical category on English stress perception among native Thai learners of English. 

Participants listened to pairs of nonwords that differed only in stress placement (e.g., “I’d like a 

TOOkips” vs. “I’d like a tooKIPS”). The findings indicated a strong influence of the learners’ 

first language (L1), supporting similar observations across various language backgrounds 

(Choi et al., 2019; Qin et al., 2017). In particular, speakers of non-stress languages where tone 

functions as a lexical property (e.g., Mandarin Chinese, Cantonese, and Vietnamese; Chen et al., 

2023) are less likely to generalize stress patterns based on syllabic structure or lexical category.  

In another study, Ortega-Llebaria et al. (2013) examined L2 learners’ ability to perceive 

stress in Spanish declarative sentences. Participants were asked to identify stressed and 

unstressed syllables within contextual sentences. The results suggested that some learners rely 

not only on prosodic cues but also on syntactic information such as word order and grammatical 

cues to infer stress positions. In addition, Ortega-Llebaria and Colantoni (2014) further 

compared the perception of sentence stress among Mandarin-speaking and Spanish-speaking 

learners of English, alongside native English speakers. Their findings showed that despite the 

typological similarities between English and Spanish, Spanish-speaking learners were more 

likely to rely on syntactic rather than prosodic cues to identify stress position in English as they 

did in Spanish (Kim, 2020; Lee et al., 2019; Zubizarreta & Nava, 2011). In contrast, 

Mandarin-speaking learners performed comparably to native speakers, aligning with 

predictions of the Stress Typology Model (Altmann & Vogel, 2002; Altmann, 2006), which 

posits that speakers of non-stress languages can readily identify the stress pattern in an L2, 

possibly due to their heightened sensitivity to stress patterns (Lai et al., 2010; Wang, 2008).  

However, a key limitation of prior research is its focus on highly proficient adult learners 
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of English with different L1 backgrounds (e.g., Chinese: Yu & Andruski, 2010; Spanish: 

Ortega-Llebaria et al., 2013; Korean: Lin et al., 2014). It remains unclear whether Chinese 

teenager learners with lower English proficiency are able to accurately perceive English word 

stress when both auditory cues and contextual linguistic information are available.  

2 The Blended Instruction on Non-Native Language Learning 

While previous studies have consistently shown that explicit instruction is more effective 

than implicit instruction in the acquisition of L2 grammar (Norris & Ortega, 2000; Spada & 

Tomita, 2010), far less is known about their relative effectiveness in L2 phonology, and the 

findings are inconclusive. Some research suggests that explicit instruction enhances learners’ 

awareness of stress rules and improves perceptual accuracy of English word stress, particularly 

when the noun-verb word pairs are governed by regular patterns (Chen & Tian, 2020; Schwab 

& Dellwo, 2022; Yenkimaleki & Van Heuven, 2016). In contrast, other studies argue that 

implicit instruction may be more beneficial for learners from non-stress language backgrounds 

(e.g., Chinese, Korean, or Japanese), as immersed exposure to target sounds supports the 

perceptual development of stress patterns (Chan & Leung, 2014, 2018; Chen et al., 2025; 

Lindemann et al., 2016; Parlak et al., 2025; Saito & Saito, 2017). Nevertheless, these studies 

mainly used isolated words in perception tasks, while in the instruction phase the words with 

carrier sentences were involved. In addition, some studies have primarily focused on auditory 

processing in task design by providing isolated target words for learners to identify word 

stress (Chrabaszcz et al., 2014; Couper, 2022; Sippel & Martin, 2023). These discrepancies 

may lead to an underestimation of learners’ actual abilities in word stress identification (Grant 

& Seitz, 2000), as the acquisition of explicit rules was not fully assessed. Hence, to assess 
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learners’ perceptual abilities more comprehensively, it is necessary to incorporate contextual 

sentences into perception tasks (Lai et al., 2010; Lee et al., 2019; Ortega-Llebaria et al., 2013; 

Yu & Andruski, 2010).  

Moreover, explicit and implicit instructions often coexist in authentic classroom settings 

(Ellis, 2011), suggesting the necessity to explore the blended instruction to combine the benefits 

(Fainman & Tokar, 2019). For example, Cai (2021) observed that blended instruction was 

effective in enhancing Chinese adult learners’ perception of English sentence stress. However, 

it remained controversial regarding the sequence of implicit and explicit instructions on 

language learning. Shanks (2003) stated that language learning could benefit from implicit 

instruction prior to explicit instruction, even though learners were unable to verbalize what they 

had learned. Likewise, Silveira (2002) proposed that a teacher could encourage learners to 

imitate the target sounds through repetition, with explanation or scaffolding provided only 

when they fail to imitate. In contrast, Ellis (2009) argued that teachers could offer a 

metalinguistic explanation of the target rules before any practice activities, and then provide 

correct pronunciation materials for students to imitate and learn. These controversies need to be 

resolved so as to identify a more advantageous sequence of implicit and explicit instructions in 

non-native language learning.  

Besides, blended instruction combining explicit and implicit instructions has also been 

shown to yield better persistent effects than using a single approach (Cai, 2018, 2021; Fainman 

& Tokar, 2019). Zibin and Altakhaineh (2018) found that blended instruction significantly 

improved clause-combining skills in Jordanian EFL learners, with the experimental group 

outperforming the control group in subskills such as verb morphology and subordination. These 
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multimodal inputs led to durable learning gains and reinforced long-term retention through 

repeated exposure and active application. The retention benefits of blended instruction can be 

enhanced by multimodal input, which engages both auditory and visual channels. According to 

Mayer’s (2014) Cognitive Theory of Multimedia Learning, dual coding (e.g., audio + captions) 

creates stronger memory traces than unimodal input. Audiovisual input, such as captions, helps 

learners break down speech into words, facilitating both listening and reading comprehension 

(Durbahn et al., 2020; Peters & Muñoz, 2020; Pujadas & Muñoz, 2019). It is especially useful 

for low-proficiency learners as a compensatory mechanism (Rodgers & Webb, 2017). In line 

with this, Saito et al. (2022) demonstrated that incidental training with audiovisual cues 

consolidates long-term memory for L2 vowel production. These findings align with our study 

design, where written contextual sentences complement auditory input, providing richer 

cognitive cues, reducing cognitive overload, and enabling more efficient information 

processing (Bisson et al., 2014).  

Cai (2021) also found that the explicit-implicit (EI) sequence facilitated long-term 

retention of sentence stress patterns, as the explicit phase presented the systematic explanations 

of sentence stress rules while the implicit phase provided target input to help learners establish 

connections between form and meaning (Chen et al., 2025; Ellis, 2009; VanPatten & Cadierno, 

1993). These findings collectively suggest that the EI sequence is suitable for English sentence 

stress acquisition. In contrast, the IE sequence might align better with English word stress 

identification. Word stress typically follows fixed patterns in isolated words (Anttila et al., 2020; 

Bu & Zhou, 2021), and its regularity allows learners to internalize these patterns through 

exemplar input. Graaff (1997) observed that implicit learning is more effective for the simple, 
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rule-governed structures (e.g., word stress) before explicit instruction. Given these 

characteristics, English word stress is supposed to be more suitable for the investigation of the 

effects of blended instruction among teenager learners, as recruited in our study, which has 

relatively simpler language structure and requires fewer cognitive resources (Cai, 2021). We 

hence estimated the effects of the blended sequence, either EI (explicit and then implicit 

instruction) or IE (implicit and then explicit instruction), that could possibly maximize the gains 

of English word stress identification among Chinese teenager learners.  

3 Declarative/Procedural Model and Language Learning 

Based on Ullman (2001, 2016, 2020), the DP (declarative/procedural) model posited that 

two memory systems, including declarative memory and procedural memory, play significant 

roles in language learning and use. Declarative memory is critical for learning, storing, and 

consolidating factual knowledge of language, while procedural memory underlies the learning 

and processing of sequences and rules in language. Declarative memory has been further 

suggested to store the mental lexicon and retrieve semantic knowledge (Eichenbaum, 2004), 

and the learning of speech-sound category, articulation, and speech perception and production 

resort to procedural memory (Ullman, 2020). In addition, there was a seesaw effect predicted 

by DP model, namely, learning or processing in one memory system might block or inhibit the 

other (Ullman, 2016). For instance, retrieving irregular forms (e.g., dug) via declarative 

memory can hinder rule-based processing (dig: -ed) in procedural memory (Ullman, 2001, 

2016, 2020).  

The DP model also explains the underlying reasons why explicit and implicit instructions 

yield disparate outcomes (Ullman, 2016). Explicit instruction engages declarative memory, 
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while implicit learning promotes procedural memory use (Ullman, 2016, 2020). 

Correspondingly, studies by Morgan-Short et al. (2012) and Ji et al. (2023) confirm that implicit 

instruction is more closely tied to procedural memory, while learning outcomes via explicit 

instruction showed more reliance on learning in declarative memory. Furthermore, declarative 

memory is linked to explicit knowledge and controlled processing, while procedural memory 

supports implicit knowledge and automatic processing (Ellis, 2009; Ullman & Lovelett, 2018). 

Given the implicit nature of L2 phonological rules, features like suprasegmental patterns are 

likely acquired through procedural memory (Saffran et al., 1999).  

Although prior studies have shown the procedural memory’s role in acquiring syntax and 

intonation (e.g., Brill-Schuetz & Morgan-Short, 2014; Faretta-Stutenberg & Morgan-Short, 

2018; Ji et al., 2023), it remains unclear whether the instruction sequence (EI or IE) 

differentially affects learners’ reliance on these two memory systems in word stress 

identification.  

4 This Study 

In a nutshell, to investigate the effects of EI and IE on English word stress identification 

for Chinese teenager learners, the present study develops three related research questions: 1) 

What are the differences of instruction effects of EI and IE on the identification of English word 

stress? 2) What are the differences of persistence (retention) effects of EI and IE on the 

identification of English word stress? 3) Which learner-level factors are associated with the 

differential effects of EI and IE? A longitudinal study, lasting around 5 weeks in total, was 

designed to seek the answers, with pre-test and post-tests separated by the training/instruction 

phase. The test materials consisted of 15 English noun-verb word pairs in which 10 pairs served 
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as the trained items and 5 pairs were the untrained items.  

For the selection of the target words, the difference between stressed and unstressed 

syllables was usually examined on noun-verb word pairs, which were identical in spelling 

forms and differed only in terms of stress placement (noun: stress on the first syllable; verb: 

stress on the second syllable; Beckman, 1986; Choi et al., 2019). As described earlier, some 

evidence suggested that native Mandarin speakers had difficulty in perceiving L2 English stress 

contrasts in a native-like manner (Wang, 2008). Accordingly, the current study attempted to 

investigate if any beneficial effects of differential blended instructions on English word stress 

identification could be observed among Chinese high school students. Improvements in word 

stress identification via blended instruction could be indexed by the higher accuracy and 

reduced reaction time (RT) in post-test(s) than in pre-test. Based on the related literature as 

reviewed before (Cai, 2021; Ellis, 2009; Silveira, 2002), it was hypothesized that the EI 

sequence presented better instruction effects whereas the IE sequence could exhibit better 

persistence effects. Meanwhile, it was also supposed that improvements on word stress 

identification might be positively correlated with declarative memory in the EI group, but the 

IE group’s performance could be positively correlated with procedural memory, as indicated in 

previous studies (Faretta-Stutenberg & Morgan-Short, 2018; Ji et al., 2023; Morgan-Short et al., 

2012; Ullman, 2001, 2016, 2020).  

 

Ⅱ Method 

1 Participants 

A total of 80 right-handed native Chinese participants (40 males, 40 females) aged from 14 
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to 16 were recruited from a high school in Hunan Province, China. They all were first-year 

students without formal and external musical training, and had learned English for at least 6 

years at the time of testing. The participants were randomly assigned into two closely-matched 

groups receiving different sequences of blended instruction: a group received EI [mean age of 

the participants (M) = 15.1, SD = 0.71, 20 males and 20 females], while the other group 

received IE (M = 15.2, SD = 0.59, 20 males and 20 females).  

Language history questionnaire (Li et al., 2020) was employed to investigate participants’ 

language proficiency in their L1 and L2. Results revealed that there were no significant 

differences between the EI and IE groups in the cumulative years of learning English (p = .242). 

All participants were confirmed with no experience of traveling to or living in English-speaking 

countries. In addition, vocabulary size test (Nation & Beglar, 2007) was used to check their 

vocabulary size and Oxford quick placement test (Syndicate, 2001) for L2 proficiency. Results 

of independent samples t-tests did not show any significant differences on vocabulary size (p 

= .937) or L2 proficiency (p = .951) between these two groups. None of our participants 

reported any hearing or speech problems, and they had normal or corrected-to-normal vision.  

2 Memory Assessment 

2.1 Declarative Memory: Recognition Memory Task 

A linguistic version of the Recognition Memory Task (RMT) was conducted to assess 

participants’ declarative memory. The RMT was presented in a visual modality, but not in an 

auditory one, to avoid potential associations between learning and phonological processing 

(Arthur et al., 2021). English non-words were selected from materials by Misyak et al. (2010). 

Similar to the procedure in Reifegerste et al. (2021), the RMT consisted of two phases of 
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incidental encoding and recognition, adapted from Lukács et al. (2017). E-Prime 3.0 was used 

for stimulus presentation.  

During the encoding phase, participants were presented with 5 Chinese characters 

(referred to as “real”) and 5 disyllabic nonwords (referred to as “unreal” below). Participants 

were asked to decide if the words were real or unreal without indication for the subsequent test 

about their memory of these words. Participants were instructed to place their index fingers on 

the marked keys (“V” - real and “N” - unreal) on the keyboard. Each trial lasted for 500 

milliseconds (ms), and then a fixation cross appeared at the center of the screen for 1000 ms. If 

a response occurred during the stimulus presentation, the trial ended at 500 ms. Alternatively, if 

a response occurred after 500 ms, a fixation cross replaced the object until participants made 

their response. The ten stimulus words during the encoding phase were presented in a random 

order.  

The recognition phase took place about 5 minutes after the encoding phase. During this 

phase, participants responded by determining whether the stimuli presented on the screen were 

appearing for the first time (“new” stimulus) or had been presented during the learning phase 

(“old” stimulus) among 20 random trials (10 Chinese characters and 10 English non-words). 

Correct responses were calculated as the hit rate, while errors were identified as the false alarm 

rate. The d’ score [d’ =z(Hit Rate) − z(False Alarm Rate)] was ultimately calculated to measure 

declarative memory based on the Signal Detection Theory (Macmillan & Creelman, 2004).  

2.2 Procedural Memory: Serial Reaction Time Task 

The serial reaction time task originated by Nissen and Bullemer (1987) was utilized to 

assess procedural memory. Participants were seated in front of a computer in a quiet room, and 
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directed to put four fingers from their dominant hand on keys on the keyboard. Letters “f, v, n, j” 

appeared in both random cycles and sequence cycles, respectively. They were instructed to 

watch for the target letter and to hit the corresponding key as quickly as possible when the letter 

appeared. According to Karatekin et al. (2007), the final sequential block was used as a 

manipulation check, ensuring that any observed increase in reaction time between the 

sequential block before the random block and the random block itself is not solely attributable 

to fatigue.  

The reaction time data of incorrect trials were removed before calculating the average 

reaction time; then, correct reaction time was collected to measure procedural memory (Arthur 

et al., 2021). The shorter correct RT indicates the greater ability of the procedural memory. All 

participants’ demographic information can be found in Table 1.  

3 Stimuli 

Fifteen real noun-verb word pairs of English were selected for perception tests in line with 

the methodology of previous studies (e.g., Beckman, 1986; Chrabaszcz et al., 2014).  

All words were disyllabic minimal stress pairs (10 pairs as trained and 5 pairs as untrained 

stimuli), with either a trochaic or iambic stress pattern (e.g., SUBject: noun; subJECT: verb). To 

retain naturalness, sound of each target word downloaded from the Longman Dictionary of 

Contemporary English was played in isolation in the identification task, and the relevant 

contextual sentence was presented on the screen. Since the goal of this experiment was to 

examine the effects of blended instruction on word stress identification, some steps were taken 

to investigate whether learners were fully aware of the word stress rules of disyllabic words. 

Similar to Lai et al. (2010) and Zhang et al. (2008), information regarding the lexical categories 
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of the target words was conveyed to participants by embedding the target words in relevant 

contextual sentences (see Table S1 in the supplementary materials for all stimuli of this study).  

4 Procedure 

The training/instruction was implemented between pre-test and post-tests, and this whole 

training study lasted about five weeks. All participants were first given a series of background 

tests to obtain a base for homogeneity, including the control tests (language history 

questionnaire, Oxford quick placement test, and vocabulary size test) and the memory tests 

(recognition memory task and serial reaction time task). The instructional materials for both 

groups were the same. Figure 1 illustrates the concrete experimental procedure and blended 

instruction applied in both groups.  

[insert Figure 1.] 

4.1 The Identification Task 

In line with prior research (Cebrian et al., 2024; O’brien, 2019), this study employed an 

identification task where participants were required to listen to an auditory stimulus and select 

the corresponding sound. In addition, as learners were exposed to both explicit word stress rules 

and implicit input through blended instruction, multimodal cues (e.g., auditory stimuli and 

contextual sentences) were simultaneously incorporated into the identification task to assess 

improvements across the two groups. The identification task was conducted using the computer 

software of xPerception (Xiong, 2019) in quiet environment. The pre-test, immediate post-test, 

and delayed post-test shared identical stimuli and common procedures.  

Participants were guided to carefully read the instructions displayed on the screen, and the 

experimenter provided a detailed explanation of the test procedures and requirements in the 
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participants’ native language, to ensure that they understood the test protocols. All these 30 

words from the word pairs were employed. For each trial, the sound was played in isolation 

with the relevant contextual sentences showing on the screen at the same time. As an example, 

after listening to a sound with contextual sentence in a trial, participants were required to decide 

which syllable was the stressed syllable (“A” referred to the first syllable, while “B” was the 

second syllable) within 5 seconds. They were encouraged to respond as quickly as possible 

without sacrificing the accuracy. The order of trials was randomly presented. Accuracy and 

reaction time were collected to measure participants’ performance of identifying English word 

stress.  

4.2 The Instruction Phase 

Formal instructions were conducted twice a week (Wednesday and Friday mornings) for 

two weeks, and each class lasted 40 minutes. The teaching processes in these two groups were 

conducted by the same experimenter skillful in teaching. The first week involved conducting 

the pre-test, and the immediate post-test was launched after the two-week blended instruction. 

In the fifth week, a delayed post-test was conducted to examine any potential persistence effects, 

in line with Keck et al. (2006). In the EI group, participants received the EI sequence, 

comprising explicit instruction first and then implicit instruction. Participants in the IE group 

received the IE sequence, consisting of implicit instruction first and then the explicit 

instruction.  

During the explicit phase, English word stress was taught through the systematic 

explanation of rules and the practice of using these rules. The acoustic features of stressed and 

unstressed syllables were compared explicitly, including pitch, intensity, and vowel duration 
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(Kim et al., 2025) by spectrograms to help students understand the word stress better. As 

exemplified in Table 2, it can be seen that the pitch and intensity of the stressed syllable in 

“CONduct” are higher than the unstressed syllable, and duration of stressed vowel is longer 

than that of the unstressed vowel. In contrast, for “conDUCT”, the second syllable had higher 

pitch and intensity and longer vowel duration than the first syllable. These manifestations are 

generally in line with acoustic information of English word stress, either for the trochaic or the 

iambic stress pattern (Choi et al., 2019).  

Besides, the basic rules for word stress of noun-verb pairs were explained (i.e., nouns tend 

to have stress on the first syllable, but verbs tend to have stress on the second syllable). The 

concept and role of word stress in English were explained with examples of how word stress 

rules affected the pronunciation and meaning of words, and the relevant contextual sentences of 

target words were provided. In line with prior studies (Horgues, 2013; Ortega-Llebaria et al., 

2013), we used simple declarative sentences which were less challenging and demanding for 

the understanding by teenager learners, and these sentences in training were different from the 

contextual sentences used in the identification task. Taking “contract” as an example. When the 

word stress was on the first syllable, it is a noun signifying a legal document that states and 

explains a formal agreement with contextual sentence (This is a “contract”). While the second 

syllable was stressed, it is a verb referring to being smaller in amount or in size with relevant 

contextual sentence (The metal “contracted”). In addition to systematic explanation, students in 

the EI group were encouraged to analyze rules with trained words beyond the examples taught 

by the teacher and to practice constructing simple sentences with similar structures.  

In implicit phase, students were instructed in a natural and spontaneous learning 
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environment without any metalinguistic knowledge of English word stress. They were exposed 

to the recordings of 20 target words and tried to guess the lexical category or stress pattern of 

each trained word. Students were encouraged to determine the stressed and unstressed syllables 

of words while listening to the audios of target words, marking the stressed and unstressed 

syllables with “Oo” (the first syllable was stressed) and “oO” (the second syllable was stressed). 

Although learners received immersed input of target sounds, they were not introduced to any 

rules of word stress. Moreover, they were engaged in extra imitating activity, which aided them 

to notice the gap between their own pronunciations and sounds of target structures (Saito, 2019). 

Their imitations were corrected only by implicit feedback in which the teacher repeated words 

with correct stress patterns and provided positive reinforcement, aiming to encourage students 

to correct their errors and continue internalizing the correct pronunciations, rather than relying 

on direct rule-based guidance.  

An important note, as suggested by one anonymous reviewer, involved that it was less 

likely to define a pure implicit or explicit learning; instead, implicit learning is relative to 

explicit learning. In this study, we followed previous studies to design our teaching methods, 

e.g., imitation with implicit feedback is implicit relative to direct explanation of stress rules 

(Fukuta & Yamashita, 2023; Robinson, 1997).  

5 Data Analysis 

Accuracy and reaction time from a total of 7200 trials (80 participants × 3 test sessions × 

30 words) were collected in the initial analysis. Accuracy in each trial was coded as 0 or 1 

(incorrect or correct) for each participant. Of those, to reduce the impact of outliers on model 

parameter estimation, 0.8% of the accuracy (58) and 1.7% of RT (120) data were excluded 
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which were characterized by absolute standardized residuals greater than 2.5 (Baayen & Milin, 

2010).  

The statistical analysis was performed via a generalized linear mixed-effects model 

(GLMM) for accuracy and a linear mixed-effects model (LMM) for RT using the “lme4” 

package (Bates et al., 2020) in R 4.3.2 (R Core Team, 2023). Due to the right-skewed 

distribution of RT data, it was advisable to transform the raw RT data logarithmically when 

building LMM (Ma et al., 2022); but, for brevity, the raw RTs were reported and described in 

Results section. The models were constructed with Group (EI group, IE group), Type (trained, 

untrained), Session (pre-test, immediate post-test, delayed post-test) and their interactions 

acting as fixed effects with the dependent variable of accuracy in GLMM and RT in LMM. 

By-“Subject” and by-“Item” random slopes were prioritized unless there was a convergence 

issue or no significant difference was found when compared with simpler models with random 

intercepts through likelihood ratio tests. The ANOVA function in “lmerTest” package was 

employed to compare the initial model with a simplified model that excluded a specific fixed 

factor (Kuznetsova et al., 2017). Post-hoc pairwise comparisons were calculated by applying 

the function of R package “lsmeans” with Tukey adjustment (Lenth, 2016). Meanwhile, we also 

constructed multiple regression models to examine the relationship between our teenager 

learners’ identification performance and their declarative/procedural memory capacities, using 

the “MASS” package (Ripley et al., 2012) in R. The statistical significance level is 0.05 in this 

study.  

 

Ⅲ Results 



21 
 

To illustrate the instruction effects and persistence effects of EI and IE, accuracy and RT 

data were compared and analyzed from the pretest, immediate post-test, and delayed post-test.  

1 Accuracy 

Figure 2 plots accuracy by the EI and IE groups across three test sessions on trained and 

untrained words. It displayed that accuracy of word stress identification was improved in both 

groups. In immediate post-test, accuracy in the EI group was similar to the IE group on trained 

words (EI: M = 0.831, SD = 0.07; IE: M = 0.833, SD = 0.10), but was lower on untrained words 

(EI: M = 0.793, SD = 0.08; IE: M = 0.843, SD = 0.09). While in delayed post-test, the IE group 

exhibited higher accuracy than the EI group on both trained (EI: M = 0.820, SD = 0.07; IE: M = 

0.838, SD = 0.09) and untrained words (EI: M = 0.788, SD = 0.11; IE: M = 0.840, SD = 0.09).  

[insert Figure 2.] 

The GLMM for accuracy firstly revealed a significant main effect of session, χ2(2) = 

247.690, p < .001. There were also three interactions of Group × Session, χ2(2) = 6.299, p 

< .05, Group × Type, χ2(1) = 4.269, p < .05, and Session × Type, χ2(2) = 9.656, p < .01.  

To further explore the interactions, post-hoc pairwise comparisons were conducted. The 

accuracy obtained by two groups in immediate post-test was statistically higher than pretest, 

EI: β = −2.017, SE = 0.439, z.ratio (z) = −4.59, p < 0.001; IE: β = −2.245, SE = 0.441, z = 

-5.09, p < 0.001, indicating the effective instruction effects of two blended instructions. 

Meanwhile, in immediate post-test, there was no difference between the EI group and the IE 

group on trained and untrained words (β = -.210, SE = 0.151, z = -1.39, p = 0.164), showing 

the similar perceptual improvements within two groups.  

In delayed post-test, accuracy within two groups did not differ from that of immediate 
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post-test on both trained and untrained words. However, accuracy obtained by the IE group 

was significantly higher than accuracy by the EI group on untrained words (β = -0.459, SE = 

0.155, z = -2.96, p < 0.01), indicating the stronger retention effects on untrained words in the 

IE group.  

To summarize, accuracy of English word stress identification was significantly increased 

through EI and IE. Results in immediate post-test implied the similar instruction effects of EI 

and IE on trained and untrained words. Besides, the persistence of learning gains on trained 

words within two groups remained comparable in delayed post-test but was stronger in the IE 

group.  

2 Reaction Time 

Figure 3 depicts RT by the EI group and the IE group across three test sessions, faceted 

by trained and untrained words with error bars illustrating 95% confidence intervals. Overall, 

this figure reflected a decreased tendency of RT in the tests. In immediate post-test, RT in the 

EI group was shorter than the IE group on trained (EI: M = 1717.300, SD = 97.24; IE: M = 

1841.725, SD = 233.26) and untrained words (EI: M = 1738.7, SD = 87.94; IE: M = 1872, SD 

= 190.91). In delayed post-test, however, the IE group demonstrated shorter RT than the EI 

group on trained (EI: M = 1847.025, SD = 188.17; IE: M = 1766.801, SD = 162.62) and 

untrained words (EI: M = 1948.225, SD = 207.89; IE: M = 1663.930, SD = 158.63).  

[insert Figure 3.] 

First, the LMM uncovered two significant main effects of session [χ2(2) = 39159.632, p 

< 0.001] and type [χ2(1) = 7.959, p = 0.005]. There were three interactions of Group × 

Session, χ2(2) = 1186.091, p < 0.001, Group × Type, χ2(1) = 70.025, p < 0.001, and Session × 
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Type, χ2(2) = 33.879, p < 0.001, and, notably, a three-way interaction of Group × Session × 

Type, χ2(2) = 157.290, p < 0.001.  

Further pairwise comparisons demonstrated that RTs were significantly shorter 

(indicating faster responses) in the immediate post-test than in the pre-test for both groups on 

trained items [EI: β = 0.410, SE = 0.004, t.ratio (t) = 107.85, p < 0.001; IE: β = 0.363, SE = 

0.004, t = 96.18, p < 0.001] and untrained words (EI: β = 0.408, SE = 0.005, t = 75.39, p < 

0.001; IE: β = 0.336, SE = 0.005, t = 62.61, p < 0.001), implying the efficient learning 

outcomes. Nevertheless, pertaining to the between-group difference, the EI group had shorter 

RT than the IE group on trained (β = -0.064, SE = 0.012, t = -5.28, p < 0.001) and untrained (β 

= -0.076, SE = 0.013, t = -6.03, p < 0.001) words.  

Interestingly, in delayed post-test, RT increased in the EI group (trained: β = -0.076, SE = 

0.004, t = -19.95, p < 0.001; untrained: β = -0.104, SE = 0.005, t = -19.29, p < 0.001), 

indicating slowed responses. Conversely, RT decreased in the IE group (trained: β = 0.038, SE 

= 0.004, t = 9.99, p < 0.001; untrained: β = 0.122, SE = 0.006, t = 22.08, p < 0.001), indicating 

faster responses. Contrary to the shorter RT in the EI group in immediate post-test, the IE 

group revealed shorter RT in delayed post-test, which implicated the more robust persistence 

and internalization of learning gains.  

Collectively, analysis of RT revealed the beneficial effects of blended instruction. In 

immediate post-test, the more significantly decreased RT in EI reflected better instruction 

effects than IE. However, in delayed post-test, participants under IE responded to the word 

stress identification task faster than EI on trained and untrained words, suggesting the stronger 

persistence effects.  
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3 Declarative Memory and Procedural Memory 

In order to further examine the factors associated with the varying effects of EI and IE, 

multiple linear regression models were established with the dependent variable of accuracy in 

immediate post-test and delayed post-test. Declarative memory and procedural memory were 

treated as independent variables to respectively examine their relationship with word stress 

identification in the EI group and the IE group.  

The regression models for accuracy on trained and untrained words were statistically 

significant. Specifically, the Durbin-Watson values for each regression model fell between 1 

and 3, suggesting the absence of autocorrelation in residuals (Jović, 2016). The Variance 

Inflation Factor values for declarative memory and procedural memory, ranging from 1 to 5, 

indicated that there was no linear correlation between these two types of memory. These 

results were supportive of the correlation between memory system and word stress 

identification in the current study (see the detailed results in Table S2 in the supplementary 

materials).  

[insert Figure 4.] 

As shown in Figures 4 and 5, significant correlations were found in both groups during 

immediate post-test. For trained words, accuracy in the EI group was negatively correlated 

with procedural memory (β = -0.058, t = -9.35, p < 0.001) and positively correlated with 

declarative memory (β = 0.086, t = 2.85, p = 0.007). For the IE group, however, accuracy was 

negatively correlated with declarative memory (β = -0.175, t = -2.41, p = 0.021) but positively 

correlated with procedural memory (β = 0.062, t = 4.39, p < 0.001). Moreover, for untrained 

words, accuracy of the EI group exhibited singularly negative correlation with procedural 
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memory (β = -0.079, t = -4.16, p < 0.001). Accuracy of the IE group had significantly positive 

correlation with procedural memory (β = 0.057, t = 4.07, p < 0.001) and marginally negative 

correlation with declarative memory (β = -0.129, t = -1.77, p = 0.084).  

[insert Figure 5.] 

Similarly, in delayed post-test, significant correlations were observed in these two groups. 

For trained words, accuracy in the EI group, again, revealed the same correlation with 

declarative memory (β = 0.197, t = 5.05, p < 0.001) and procedural memory (β = -0.032, t = 

-4.01, p < 0.001). The accuracy of the IE group demonstrated significantly negative 

correlation with declarative memory (β = -0.123, t = -2.28, p = 0.028) and positive correlation 

with procedural memory (β = 0.062, t = 5.95, p < 0.001). For untrained words, the IE group 

displayed singularly positive correlation with procedural memory (β = 0.053, t = 2.97, p = 

0.005). In the EI group, accuracy was positively correlated with declarative memory (β = 

0.160, t = 3.15, p = 0.003) and negatively correlated with procedural memory (β = -0.074, t = 

-7.08, p < 0.001). For more details, the above results can be found in Table S3 in the 

supplementary materials. In summary, the correlations between accuracy and memory systems 

indicated that the EI group relied predominantly on declarative memory, whereas the IE group 

depended more on procedural memory in word stress identification.  

 

Ⅳ Discussion 

The current study investigated the effects of EI and IE on the identification of English 

word stress so as to identify the potentially optimal blended sequence for word stress 

acquisition for Chinese teenager learners. Results of accuracy and RT were analyzed to provide 
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answers to three research questions: 1) What are the differences of instruction effects of EI and 

IE on the identification of English word stress? 2) What are the differences of persistence 

(retention) effects of EI and IE on the identification of English word stress? 3) Which 

learner-level factors are associated with the differential effects of EI and IE? We hypothesized 

that the EI group demonstrated better instruction effects, while the IE group exhibited better 

persistence effects in the identification of English word stress. Besides, we assumed that effects 

of these two blended sequences might be differently related with declarative memory and 

procedural memory abilities. The main findings were separately reported below.  

1 The Instruction Effects of EI and IE on English Word Stress Identification 

The results of immediate post-test revealed that compared to the pre-test, there were 

significant improvements on (higher) perceptual accuracy and (shorter) reaction time on both 

trained and untrained words in the two groups, exhibiting the effectiveness of EI and IE on 

English word stress identification by Chinese teenager learners. Meanwhile, despite the similar 

accuracy, the EI group further showed shorter reaction time than the IE group on trained and 

untrained words, suggesting the better instruction and generalization effects of the EI sequence.  

The EI group’s shorter reaction times may reflect the cognitive benefits of early rule-based 

instruction, which serves as metalinguistic scaffolding during the learning process (Ellis, 2005; 

Roehr-Brackin, 2014). By receiving explicit instruction on English word stress rules, learners 

were able to develop metalinguistic knowledge early on (Chen & Tian, 2020; Schwab & 

Dellwo, 2022), which in turn facilitated more efficient and rapid decision-making by reducing 

the processing load (Roehr-Brackin, 2014). The gains in explicit knowledge of word stress 

likely enabled learners in the EI group to identify stress patterns more effectively. 
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Furthermore, the metalinguistic cues embedded in the identification task may have helped 

them apply the rules to distinguish the lexical category of the target words and determine 

stress assignment accordingly (Ortín & Simonet, 2023). In addition, the multimodal learning 

task, including auditory stimuli and visually presented contextual sentences (e.g., “He might 

refuse the offer”), provided semantic and grammatical cues that encouraged top-down 

predictive processing (Batel, 2020; Cope et al., 2017; Ortega-Llebaria et al., 2013; 

Ortega-Llebaria & Colantoni, 2014). These combined factors likely contributed to the EI 

group’s significantly shorter reaction time compared to the IE group in the immediate post-test. 

Nevertheless, while efficient, such rule-based processing may lead to a heavy reliance on 

metalinguistic knowledge rather than natural auditory processing (Ellis, 2002). 

Despite comparable accuracy between these two groups on trained words, the IE group 

demonstrated better performance on untrained words, highlighting the advantage of implicit 

learning. In the IE sequence, learners were immersed in repeated exposure to exemplars, which 

enabled them to internalize the probabilistic regularities of word stress patterns without explicit 

rule instruction (Chan & Leung, 2014; Saito & Saito, 2017; Zhu et al., 2023a). Based on the 

Stress Typology Model (Altmann & Vogel, 2002), Chinese learners had heightened sensitivity 

to English word stress on account of the typological differences between Chinese (a non-stress 

language) and English (a stress language). Some studies suggest that Mandarin-speaking L2 

learners’ processing of English word stress relied more on F0 (fundamental frequency) to 

identify the stressed and unstressed syllables (Chrabaszcz et al., 2014; Qin et al., 2017; Zhang et 

al., 2008), which might have further supported the bottom-up processing fostered by the IE 

sequence. This exemplar-based learning prompts the gradual internalization of probabilistic 
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regularities of word stress patterns (Chen, 2013; Ellis, 2002, 2005), which tends to be more 

robust in generalizing to novel items. Although implicit knowledge usually requires more time 

to consolidate (Ellis, 2009), it is readily available through automatic processing and unplanned 

language use, potentially explaining the IE group’s higher accuracy on untrained words. In 

contrast, the EI group relied more heavily on explicit rule learning, which could result in their 

accurate performance on trained items but led to poorer generalization due to reduced 

internalization of target patterns (Cai, 2018).  

2 The Persistence Effects of EI and IE on English Word Stress Identification 

Generally, as shown in delayed post-test, the improvements within the two groups were 

persistent, regardless of the trained and untrained words. This provided compelling evidence 

for the effectiveness of blended instruction on English word stress acquisition. It was noted that 

the IE group had higher accuracy on untrained words and shorter RT on both trained and 

untrained words. Our study hence offers one more enlightenment that the IE sequence exhibited 

better persistence effects than the EI sequence.  

The different sequence between explicit and implicit instructions influenced the reliance 

on multimodal cues. The IE sequence encouraged learners to depend more on auditory 

processing while potentially reducing reliance on grammatical or semantic cues in sentences. 

This type of implicit learning mechanism, similar to that of native speakers, was more 

conducive to the internalization of word stress patterns (Chan & Leung, 2018; Parlak et al., 

2025). In contrast, the EI sequence led learners to rely more on grammatical or semantic cues in 

contextual sentences to identify word category and, subsequently, stress placement. While the 

explicit learning of word stress yielded better immediate effects, it showed weaker long-term 
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retention.  

Furthermore, previous studies have shown that lower-proficiency learners, due to limited 

linguistic knowledge, tend to rely on simpler, more intuitive linguistic units (e.g., grammatical 

or semantic cues) when identifying word stress, as these cues are easier to process and reduce 

cognitive load (Ingram, 2005; Wayland et al., 2006). However, the blended instruction in this 

study may facilitate these Chinese teenager learners with lower proficiency in identifying 

English word stress through multiple linguistic cues (Ellis, 2005; Cai, 2021). Contextual 

sentences, by providing more intuitive and less cognitively demanding grammatical or 

semantic cues, offer an effective way for learners to identify word stress. In the EI sequence, 

learners tended to focus on grammatical cues of target words in contextual sentences before 

shifting their attention to auditory processing (Nagle & Hiver, 2024). This allowed them to 

integrate both grammatical and auditory cues in word stress identification. In contrast, learners 

in the IE group might focus on the stress pattern first and subsequently verify their auditory 

hypotheses through contextual sentences (Ortega-Llebaria et al., 2013; Saito & Saito, 2017; Yu 

& Andruski, 2010). This approach aligns with N. C. Ellis’ (2002) proviso to put foreign 

language learning in proper balance, which suggests that learners first register linguistic 

representations and then verify and reinforce their hypotheses by explicit rules. As a result, it 

may explain why the EI group exhibited longer reaction time than the IE group in the delayed 

post-test. 

Besides, learners with lower language proficiency may rely solely on auditory cues or 

isolated grammatical cues (Cai, 2021; Frost, 2011). In the IE sequence, learners first 

internalize the stress patterns through repeated exposure to auditory input in a bottom-up way 
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(Chan & Leung, 2014, 2018; Jung et al., 2017), which are later confirmed or refined through 

explicit instruction. This could facilitate learners’ extraction and retention of the target 

structure, thus enabling it to be stored in long-term memory (Ruchkin et al., 2003). As a result, 

the IE group performed better in integrating both the auditory and grammatical cues in the 

word stress identification. In contrast, the rule explanation perhaps reduces learners’ curiosity 

and attentional scope during the subsequent implicit phase. The possession of explicit rules 

might lead to a sense of fatigue or diminished satisfaction, which results in less engagement 

and motivation to refine their learning of the target structure and potentially affects long-term 

learning outcomes (Moyer, 1999; Uchihara et al., 2022).  

3 The Factors Associated with the Varying Effects on English Word Stress Identification 

Our results manifested that there was a strongly positive correlation with declarative 

memory and a negative correlation with procedural memory in the EI group. In contrast, 

English word stress acquisition correlated positively with procedural memory and negatively 

with declarative memory in the IE group. These findings validate the prediction of the DP 

model on speech perception, and provide novel insights that learning via the EI sequence 

primarily relies on the declarative memory system, while learning by the IE sequence mainly 

resorts to the procedural memory system.  

According to DP model (Ullman, 2001), speech perception and production by native 

speakers largely depend on procedural memory, while L2 learners mainly rely on declarative 

memory (Ullman, 2020). Instructional methods could facilitate the storage and processing of 

novel information from working memory to long-term memory (Sweller et al., 2019), and 

different instructions (different instruction sequences in this study) may exert variable effects 
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on L2 learners’ reliance on these two memory systems (Ullman, 2016). The EI group processed 

the target form based more on explicit knowledge in declarative memory, which developed 

through the explanation of rules and conscious attention to input. In contrast, learners with the 

IE sequence learned English word stress relying more on procedural memory, and they 

experienced an immersed learning environment and an implicit way of input. Despite potential 

forgetting, procedural memory often leads to more stable long-term gains than declarative 

memory (Diekelmann et al., 2009), which may explain the IE group’s better persistence and 

generalization.  

Previous studies have suggested a competitive interaction between declarative and 

procedural memory systems (e.g., Poldrack & Packard, 2003; Ullman, 2020). The “seesaw 

effect” (Boucher & Anns, 2018; Stocker, 1998) posits that learning in one memory system 

depressed functionality of the other. In this study, the EI sequence enhanced learners’ explicit 

knowledge via declarative memory, which appeared to inhibit procedural memory’s 

involvement. In contrast, the IE sequence fostered implicit learning and greater reliance on 

procedural memory for word stress acquisition, thereby hindering the role of declarative 

memory. This may explain the IE group’s better persistence and generalization effects, as 

procedural memory is known to support consolidation and delayed improvements (Kuriyama et 

al., 2004). Similar findings in L2 syntax research (Morgan-Short et al., 2012; 

Faretta-Stutenberg & Morgan-Short, 2018) also highlight the long-term benefits of learning by 

procedural memory. Our study supported the role of IE instruction sequence but from the angle 

of L2 word stress identification.  

4 Implications, Limitations, and Future Directions 
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The practical significance was highlighted for our study. First of all, as a training study 

participated by high school students, this study provided the pedagogical implications and 

paved the way for our design to be applied into classroom teaching and learning by teenager 

learners of an L2. Also, our results and findings are heuristic for the speech treatment of the 

clinical populations afflicted with speech or hearing disorders. For example, it was found that 

the hearing-impaired (HI) patients have deficient perception of suprasegmental units of speech 

(Zhang et al., 2021). The present study offered the normative data regarding the development of 

young participants’ identification of an L2 under blended instruction. The speech-language 

pathologists could attempt to evaluate whether HI individuals could improve their perceptual 

performance as normal, typically developing students by providing a more suitable learning 

method (e.g., the IE sequence). Recent studies also pointed out the degraded speech perception 

(apart from their production) among individuals who stutter (Zhu et al., 2023b). As the blended 

instruction facilitates the development of speech perception and, crucially, instruction sequence 

makes a difference about the perceptual gains, therapists could adopt the blended instruction 

and determine which instruction sequence would maximize the improvement of stutterers’ 

auditory perception capacities. Being a preliminary endeavor, our study could serve as a 

baseline for the comparison.  

There are some limitations in this study. First, although blended instruction is useful to 

improve Chinese teenager learners’ word stress identification, it remains less known about its 

effects on word stress production. According to Altmann (2006), despite learners from 

non-stress languages showing the ceiling perceptual performance, their speech productions 

were however different. This indicated that speech perception may not necessarily link tightly 
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to speech production. Second, the absence of intermediate test might restrict our ability to track 

temporal dynamics of learning (e.g., the learning gains in the explicit or implicit phases and the 

fluctuations in cognitive load). Future research could incorporate the intermediate test to assess 

the effects more thoroughly. In addition, setting groups with non-blended instruction (i.e., 

groups receiving solely implicit or solely explicit instruction) would provide stronger empirical 

validation (Cai, 2018). Such designs could clarify the distinct contributions of EI and IE 

sequences to both instructional effects and long-term retention. Third, while this study focused 

on teenager group, future research should extend to broader age groups to examine instructional 

sequence effects. For instance, older adults’ auditory processing decline (Amieva & Ouvrard, 

2020; Bidelman et al., 2019) or children’s heightened neuroplasticity (Fandakova & Hartley, 

2020; Whelan et al., 2021) may differentially modulate the efficacy of the EI or IE sequences. 

Future studies could employ fully multimodal perception tests (e.g., Li et al., 2022) and 

combine identification and discrimination tasks to better explore the perceptual performance of 

English word stress among learners across the human life span. 

 

Ⅴ Conclusions 

To summarize, our study provides a systematic and comprehensive investigation of the 

effects of blended instruction on English word stress identification for Chinese teenagers by 

virtue of GLMM and LMM using R for data analysis. The findings show that blended 

instruction serves as an effective way to facilitate English word stress identification, and the IE 

sequence may be more suitable for Chinese teenager learners on account of its better 

persistence and generalization effects. In addition, the observations in this study support the 
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prediction of DP model, which proposes that the instruction can affect the reliance on the two 

memory systems of declarative memory and procedural memory.  
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Tables 

Table 1. Demographic characteristics of EI and IE groups.  

Subject Information EI Group IE Group 

No. of Participants (Female) 40 (20) 40 (20) 

Age [in years; (SD)] 15.1 (0.71) 15.2 (0.60) 

Years of Learning English (SD) 6.04 (0.26) 6.12 (0.39) 

Quick Placement Test (SD) 30.8 (5.22) 30.7 (5.65) 

Vocabulary Size Test (SD) 92.2 (6.88) 92.4 (7.25) 

Declarative Memory [d’ score; (SD)] 0.45 (0.19) 0.655 (0.21) 

Procedural Memory [correct RT; (SD)] 463.4 (131) 605.4 (177) 

Note. EI = explicit and then implicit instruction; IE = implicit and then explicit instruction; RT = reaction 
time. 
 
Table 2. Acoustic parameters between the first syllable and the second syllable with an example 
of “conduct.” 

Word Parameters The first syllable The second syllable 

CONduct 

F0 (Hz) 125.64  99.25  

Intensity (dB) 74.54  68.77  

Vowel Duration (ms) 152.47  131.18  

F2 (Hz) 1734.66  1361.47  

conDUCT 

F0 (Hz) 114.32  126.93  

Intensity (dB) 62.87  75.41  

Vowel Duration (ms) 103.84  116.50  

F2 (Hz) 1585.45  1712.77  

Note. F0 = fundamental frequency; F2 = the second formant. 
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Figures 

Figure 1. The experimental procedure designed in this study. EI = explicit and then implicit 

instruction; IE = implicit and then explicit instruction. 

Figure 2. Mean accuracy of English word stress perception across pretest, immediate post-test, 

and delayed post-test on trained and untrained words by EI and IE groups. EI = explicit and then 

implicit instruction; IE = implicit and then explicit instruction. 

Figure 3. Mean RT of English word stress perception across pretest, immediate post-test, and 

delayed post-test on trained and untrained words by EI and IE groups. Error bars represent 95% 

confidence intervals. EI = explicit and then implicit instruction; IE = implicit and then explicit 

instruction. 

Figure 4. The relations between accuracy and declarative memory in EI and IE groups. The 

shadow area represents the 95% confidence interval of the best-fit line from regression models. 

EI = explicit and then implicit instruction; IE = implicit and then explicit instruction. 

Figure 5. The relations between accuracy and procedural memory in EI and IE groups. The 

shadow area represents the 95% confidence interval of the best-fit line from regression models. 

EI = explicit and then implicit instruction; IE = implicit and then explicit instruction.  




