Does the Critical Period of Language Learning Exist? A Critical Investigation on Child and Adult Second Language Learners
Introduction
The theory of the ‘Critical Period Hypothesis’ (CPH) was first proposed by Penfield and Roberts in 1959 when they tried to understand how the first language was acquired from a unique biological perspective. It is claimed by CPH that the development of the human brain is related to language learning. There exists an optimal time (often between 2 and 13) when individuals can easily acquire the language with enough inputs and stimuli. Nevertheless, if such linguistic inputs do not occur during that period, individuals may never achieve a native-like command of language due to the structural changes in the brain (Lenneberg, 1967). 
While CPH was introduced in an L1 learning context, its concept soon extended to second language acquisition (SLA) due to the complexity of L2 learning. Most children growing up in a normal social environment will often have enough L1 exposure and can acquire their first languages without too much effort. Therefore, it might be difficult to identify the empirical evidence of CPH in an L1 context. In contrast, linguists as well as parents from immigrant families all find children seem to have advantages in acquiring their L2 (Lightbown and Spada, 2001). Children can easily outperform their parents in L2 proficiency, whereas immigrant parents who learn L2 as grown-ups may find it to be a struggle. Such anecdotal evidence seems to somewhat prove the CPH but a large number of successful adult L2 learners also makes linguists wonder the real impact of age. Against this backdrop, the present article will critically examine the CPH by reviewing the latest research from both neuroscience and applied linguistics. At the same time, this essay will also explore the similarities and differences between L2 children and L2 adults, trying to provide some useful suggestions for L2 teachers.
Neuroscience investigations of CPH
Since the central tenet of CPH is that the human brain will undergo structural changes that prevent individuals from learning the language, it is then necessary to first explore the detailed meanings of ‘structural changes’. Early studies argued that it was the ‘brain lateralization’ that contributed to the CPH. As individuals age, brain functions like language ability tend to become ‘lateralized’ to a certain side of the brain, namely the left or right hemisphere (Taylor and Taylor, 1990, p. 367). Penfield (1965) illustrated an interesting example where children were more likely to regain their speech abilities following a brain injury in comparison to adults. Since children’s brains have not been fully lateralized, they can acquire language via both the left and right hemispheres and easily transfer linguistic knowledge between two sides. In contrast, adults’ brain loses their ‘plasticity’ and tend to be ‘stiff and rigid’, which makes adults difficult to regain verbal abilities (Penfield and Roberts, 1959, p.236). Obviously, Penfield’s argument was based on his clinical experience, which seemed to be rather convincing at that time. With the advent of more advanced technology like MRI, neuroscientists are now capable of examining brain functions more sophisticatedly. According to the latest anatomical evidence, it seems that Penfeld somewhat ‘overestimated the impact of the decline’ in brain plasticity (Singleton and Pfenninger, 2018, p. 257). Although neuroplasticity may slow down with age due to cellular aging, it remains a dynamic process that persists throughout all age groups (Li, Legault and Litcofsky, 2014). The L2 learning experience can often induce such structural changes in an individual’s brain. For instance, the grey matter (GM) density which represents the size of neurons and glial cells increases across all age groups after learning the L2 (Zatorre, Fields, and Johansen-Berg, 2012). Additionally, improvements have been observed in white matter integrity, which is crucial for the central nervous system, and cortical thickness (i.e., the thickness of GM). Under such circumstances, it seems still too early to say children will have enormous biological advantages in acquiring the language. Compared with children aged between 3 and 13, young adults from 18 to 30 sometimes show greater ‘malleability of brain structures’ (Li, Legault and Litcofsky, 2014, p. 315) as they are in the mature stage of cognitive development.
Overall, from a neuroscience perspective, the definition as well as the rationale of CPH has been well-presented. The hypothesis started from Penfeld’s clinical observations and then inspired researchers to examine the interplay between brain structures, language acquisition and age. However, due to the complexity of the human brain, the extent to which age affects neuroplasticity and subsequent L2 learning achievement remains a topic of debate.
Applied linguistics studies on CPH
As the structures of the brain are too complex for linguists to investigate, most of them often adopt a phenomenological approach, believing that language is not merely a product of neurological processes but also a sociocultural phenomenon deeply intertwined with human experience. In contrast to the biological angle, the phenomenological perspective is considerably beneficial for teachers as it allows teachers to understand the similarities and differences between L2 children and adults.
One possible explanation of CPH offered by linguists is that the language learning environment between two groups is extremely distinctive, which results in disparities in L2 achievement. Lightbown and Spada (2001, p. 36) indicated that children often acquire L2 in a less formal environment where they have more opportunities to use the language without too much pressure. They are not expected to speak with perfect accuracy and fluency at the very beginning. In contrast, elder learners often find themselves in situations where they need to use more difficult language and express more complicated ideas. They might feel embarrassed about not being fluent and thus, the L2 anxiety increases significantly, undermining the overall learning efficacy. Moreover, the younger L2 learners may possess different cultural identities and language preferences compared with the elder groups (Singleton and Pfenninger, 2018). In Jia and Aaronson’s (2003) longitudinal study of Chinese children and adolescents immigrating to the U.S., it was found that children aged nine or younger ‘switched’ their preference from Chinese (L1) to English (L2) in the first year of arrival. However, adolescents maintained their preference for Chinese for up to three years, potentially due to a stronger self-identification with their Chinese background. Under such circumstances, children tended to make friends with English speakers and will have a ‘rich exposure’ to L2 while adolescents’ peer interactions were mainly in L1, making them fail to practice English in real life.
Apart from the exploration of the underlying reasons for CPH, linguists further examine the impact of age on the acquisition of specific second language skills. Traditionally, learners’ pronunciation performance is seen as the impelling evidence supporting CPH as individuals who acquire their L2 after puberty can often have a ‘foreign accent’ (Lightbown and Spada, 2001, p. 37). Nevertheless, Patkowski (1980) pointed out that the age effect was not limited to pronunciation but extended to all aspects of language learning. In his research, interviews with participants were all transcribed, allowing assessor to focus more on the non-phonological achievements. The pre-puberty learners significantly outperformed the post-puberty groups. Similarly, in Johnson and Newport’s (1989) study of Chinese and Korean English speakers, it was found that the younger group who arrived in the U.S. before the age of 15 scored much higher than the elder group in grammaticality tasks.
Despite the increasing evidence of children’s advantages, researchers argued adult learners may possess certain cognitive and socio-affective advantages, especially at the beginning of language learning. Snow and Hoefnagel-Hohle (1978) studied English speakers learning Dutch as L2 and surprisingly, adults performed better than children and adolescents in pronunciation and other language skills in the first few months. Nevertheless, such advantages gradually disappeared in a year and adolescents had the best L2 achievement ultimately. This finding echoed the biological discovery discussed earlier in which younger may not be the better. Individuals’ brain malleability continues to develop after childhood.
Similarities and Differences between L2 children and L2 adults
While the role of CPH in L2 learning is still highly debatable, most researchers recognise the influence of age on SLA. Instead of being a decisive factor indicated by CPH, the age effect is more likely to be intertwined with other variables like learners’ motivation, intelligence and beliefs. In many psychological and educational studies, age is often treated as a moderator that affects the direction or strength of the relationship between two variables (See Bal et al., 2018). Therefore, it is crucial to consider age within a broader context of L2 learning and the following paragraphs will explore the moderating effect of age from various cognitive and psychological aspects. It is expected through such explorations a more nuanced understanding of the similarities and disparities in L2 learning between adults and children could be attained. This insight would enable teachers to adapt their teaching strategies accordingly.
Cognitive development and metalinguistic awareness
As an important factor in acquiring knowledge, individuals’ cognition is often believed to develop with age. Adults normally outperform immature children in cognitive-related tasks like logical reasoning, abstract thinking and critical thinking abilities (Gualtieri and Finn, 2022). According to the prominent psychologist Piaget (1950), human cognitive development undergoes four stages from infant to adult: ‘sensorimotor’, ‘preoperational’, ‘concrete operational’ and ‘formal operational’ stage. Infants or younger children first use their ‘sense’ to understand the world and as time goes by, they are capable of understanding something more abstract. Under such circumstances, teachers should adjust the teaching strategies as well as the materials based on L2 learners’ age to fit learners’ cognitive development. One effective approach is to utilize the total physical response (TPR) in L2 classrooms for teaching young children (British Council, 2024). Proposed by Asher (1969), TPR is a teaching method that involves physical movement in L2 learning. It draws inspiration from children’s L1 acquisition process in which parents engage ‘language-body conversation’ with children. Similarly, teachers give the instructions or commands in TPR, and students respond with the corresponding physical actions. For instance, in EFL class, teachers can say the word ‘run’ in English and demonstrate the action simultaneously. Then when the command ‘run’ is given, students do the action accordingly. By repeating such an interaction, it is expected students can learn the word effectively. Undoubtedly, the advantage of TPR lies in its alignment with children’s cognitive development, enabling them to acquire language through sensory experiences rather than through reasoning.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For adults who have better analytical skills and ‘cognitive control’, teachers can enhance learning effectiveness by focusing more on learners’ metalinguistic awareness (Bialystok and Ryan, 1985). As a vital element in developing linguistic knowledge, metalinguistic awareness pertains to individuals’ ability to contemplate and understand the inherent characteristics and purpose of language itself (Baker and Wright, 2021, p. 298). Increasing empirical evidence has shown that adults progress through the initial phase of ‘syntactic and morphological development’ faster than children (Muñoz, 2006, p. 2). Under such circumstances, teachers can incorporate explicit instructions on language structure and grammar rules. By offering clear explanations and examples, adult learners can recognize patterns as well as the underlying principles of language use. In a case study of Chinese college EFL learners, it was found by Guo and Barrot (2019) that metalinguistic explanations can improve students’ accuracy in the use of the ‘regular past tense’, the ‘irregular past tense’ and ‘prepositions indicating space’. When teachers identify errors like ‘stoped’ in students’ writing, a detailed explanation of the ‘doubling rule’ is provided. It is expected that by acquiring metalinguistic knowledge, adult learners can extend their understanding beyond individual instances to similar words and language patterns. 
Despite the differences in cognitive development, it should be noted that both children’s and adults’ cognition is based on their prior knowledge and experience (Nemeth and Lipowsky, 2023). According to constructivist Piaget (2001), knowledge is not passively obtained by the learners. Instead, individuals actively construct new knowledge based on the ‘schemas’ (i.e., the pattern of thought) shaped by previous experiences. In this situation, it is critical for teachers to have a clear understanding of both children’s and adults’ previous knowledge of L2 as well as the world in general before commencing to teach. For instance, language aptitude tests or similar diagnostic tests could be done prior to the class. Through classroom interactions, teachers may also identify learners’ ‘zone of proximal development’ (ZPD). Proposed by Lev Vygotsky (2012), ZPD refers to the disparity between learners’ independent capabilities and their potential accomplishments with the help of others. While L2 children and adults may have different ZPDs, they all need appropriate ‘scaffolds’ to make further progress. 
Age and L2 learning motivation
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]As an important factor in L2 learning, positive motivation and language attitudes are often believed to contribute to successful L2 performance (Gardner, 1985). Gardner and Lambert (1972) introduced two types of motivation, namely integrative and instrumental motivation. The former relates to language acquisition for personal development and cultural enrichment, whereas the latter refers to language study for more direct or practical purposes. These two kinds of motivations, which are ‘sensitive to social dynamics and power relationships’, can be observed in both children and adults within L2 learning groups (Lightbown and Spada, 2001). In Lamb’s study (2004) on Indonesian students (aged 11-12) learning English as a second language, it was found that most students possessed positive ‘impressions’ of English learning as they believed English was an important life skill as well as a way to obtain ‘global identity’. However, few of them reported enjoyment or pleasure in English class. Clearly, those students’ motivation was instrumental as they learnt English for practical goals. In this situation, teachers had better adjust the teaching strategies as well as the materials to make the learning atmosphere more ‘supportive’ and ‘non-threatening’ (Lightbown and Spada, 2001, p. 34). Similarly, many adults may choose to learn L2 for an immediate goal. However, teachers can employ a more immersive teaching method by introducing literature, films and music from the target culture. It is expected by connecting L2 learning to a broader cultural aspect, both children’s and adults’ interest in L2 can gradually blossom and the initial instrumental motivation will be able to transform into integrative motivation, encouraging learners to invest more effort and time into L2 learning. 
Age and Technology-Assisted learning 
In addition to the age effect on the macro level of L2 learning (i.e., cognition and motivation), this section will look at the impact of age on a micro aspect, focusing on technology-assisted L2 learning. As digital tools become increasingly integrated into educational practices nowadays, understanding how age influences the effectiveness of technology-assisted learning is crucial. Generally speaking, technology-assisted language learning is presented in two forms. Students may engage with language learning entirely via online platforms (such as Teams and Zoom), or teachers may incorporate technology into traditional face-to-face classroom environments.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Since the pandemic in early 2020, online teaching has become much more popular around the world. Even in this post-COVID era where lockdowns are rare, a significant number of people continue to learn online due to its convenience and low cost. However, this teaching mode presents certain drawbacks, particularly concerning its impact on children. Compared with adults, children and adolescents typically possess shorter attention spans, making them more prone to distraction during study sessions, particularly in the absence of face-to-face interaction (Lau and Lee, 2021). Additionally, excessive use of electronic devices can significantly harm children’s both physical and mental well-being. As for adults who have better cognitive control, lack of engagement and feedback in online classes also serve as important factors that undermine learning effectiveness (Manoharan, Hua and Sultan, 2022). Regardless of age, online learners are more likely to passively acquire knowledge rather than actively ‘construct’ the knowledge.  
Instead of relying totally on online platforms, most schools and universities will often integrate technology into traditional classroom teaching to improve students’ learning outcomes. Due to the limited time in class, linguistic knowledge has to be revised after class. In this situation, teachers often use digital games or applications on mobile devices to facilitate the learning process. For instance, Tragant et al (2022) used WhatsApp, a popular instant messaging application, in EFL classroom teaching. Before and after the face-to-face learning sessions, varied language tasks would be distributed in the WhatsApp group and students had to respond to those tasks outside the classroom. Through the use of WhatsApp, teachers successfully extended L2 use ‘beyond the classroom’, making L2 learning more interactive and collaborative. Despite the great advantages, it should be noted that all participants in Tragant et al’s study are university students aged between 18 and 25. If participants are adolescents or even younger children, teachers should be very cautious about the use of mobile phones outside the classroom as children are more likely to be addicted to their smartphones, which is detrimental to overall cognitive development. Additionally, in two meta-analysis studies that reviewed the empirical research on the effectiveness of technology on EFL vocabulary learning (Mahdi, 2018; Hao, Wang and Ardasheva, 2021), it was found that both children as well as adults can benefit from the use of technology in English vocabulary learning and adults sometimes had a slightly better performance than children. These findings highlight the versatility of technology in catering to different age groups and suggest its potential to create tailored learning experiences. 
Overall, although technology has now been widely used in L2 learning, teachers still need to think carefully about its potential problems, especially when it comes to children. Using mobile devices as supplementary tools appears promising for enhancing L2 acquisition. However, it is vital for teachers to recognise and address the distinct differences between child and adult learners.
Conclusion
To sum up, while age might be an important factor in L2 learning, it is certainly not the most ‘critical’ one as claimed by CPH. Both neuroscience and linguistics research show that children and adults have different advantages and challenges when learning a new language. Age can be a critical moderator in the interplay between cognition, motivation, the effectiveness of technology, and L2 learning. Therefore, a good teacher should acknowledge the moderating effect of age and tailor teaching approaches accordingly for different age groups.
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