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Ⅰ. The concept 
The term of ‘Critical Period” Hypothesis’ (CPH) refers to the notion that language could be acquired only within a particular period, and if this period is missed, it would be hardly impossible for learners to reach native-like proficiency. The CPH has been a long-term controversial topic in the study of second language (L2) acquisition in the past 60 years.
	
II. Studies about “Critical Period Hypothesis” for language acquisition 
1. The origin of the ‘Critical Period’ Hypothesis  
The concept of the ‘Critical Period Hypothesis’ derives from the biological field for the process of individual development. It refers to a special crucial period, during which the environmental impact plays the most important role, and it is particularly easy to acquire a certain behaviour.  For example, within 20 hours of birth, goslings will follow the first living creature they saw and recognize it as ‘mother’. If goslings have no chance of contacting with living organisms within 20 hours after birth, they will lose the ability to admit their mothers after one or two days. Lorenz called this reaction that does not need to be learned with efforts in a certain period of time as the ‘imprinting’ phenomenon, and the period when the ‘imprinting’ phenomenon occurs as the Critical Period of Development" (Jiang Meng et al., 2010). 
In 1959, The Canadian brain surgeons, Penfield and Roberts (1959, cited in Carmen Muñoz, 2006) proposed the concept of "the optimum age" based on observations of brain injury patients and their own children. They considered the optimal age for language acquisition. They are 4 to 10 years old. This view was later developed by psycholinguistic Lenneberg (1967) in the 1960s. He proposed the CP hypothesis for language acquisition (1967, p175), and suggested that the critical period of language acquisition was approximately between the age of 2 and before the arrival of adolescence (10-12 years old). During this period, the right and left hemispheres both take part in language learning, and they are so sensitive to language input that they can mobilize the internal physiological mechanisms very easily and quickly to achieve language acquisition. After puberty, brain development approaches maturity, and lateralization occurs and loses the unique ability to process language input. Instead, it is replaced by general cognitive modules and information processing systems. As a result, the efficiency of language learning declines rapidly.
Chomsky (1981) is well known for the theory of generative linguistics, revealing why children learn to speak so quickly despite the fact that language is so complicated. He believes that this is because children are born with language acquisition mechanism, which is called universal grammar. Once a child is exposed to a certain language environment, he can easily acquire their mother tongue in a relatively short period of time. Language-related internal mechanisms are gradually lost or cannot be activated. His view in terms of pysiology is in line with the CP hypothesis for language acquisition.

2. Studies about CPH for L2 Acquisition	
The CPH was initially proposed in terms of L1 acquisition, but it has also aroused heated discussion in L2 acquisition field. Many scholars note that a critical period for language acquisition extends its effect to L2 acquisition as well. Once the critical period is missed, it would be nearly impossible to attain native-like proficiently for second language learners. However, there are many opposing opinions as well. To verify whether there exist a critical period, many researchers conducted a variety of studies and experiments s from different angles and aspects. The focus of the research is mainly on the following key questions. 
(1) Debates for the CPH.
a) Supporters 
The debate about whether the critical period exists is the focus of the controversy. 
On age effects in phonetics or phonological acquisition, Asher and García (1969) studied a group of immigrants(N=71) from Cuban who came to the United States between 7-19 years old, and most of them had been in the United States for five years. The survey indicate that the younger the age when immigrating to the United States, the higher the probability that their English pronunciation is close to that of native speakers. Oyama (1976) surveyed 61 Italians immigrants in the United States. Their arrival age are 6-22, with the length of residence of 5 to 18 years. The results also show a significant negative correlation between subjects’ accent and their age on immigrating. The subjects who arrived in the United States between the ages of 12 and 18 had a more foreign accent than the 5-11 year-old group. Flege and his colleges (1995, 1999) conducted similar experiments on the relationship between the age of acquisition (AOA) and L2 speech. For example, 240 Italians who migrated to Ottawa, Canada between the ages of 2-23 and 240 Koreans who migrated to the United States were investigated to determine their English pronunciation accent (Flege, 1995, Flege et al., 1999). Both the results showed a near-linear relationship between AOA and degree of foreign accents, that is, the older the learner's AOA, the stronger their foreign accent. 
On age effects in syntax acquisition, Patkowski (1980) studied the second language (English) syntactic level of 67 bilinguals who immigrated to the United States. The age of their arrival in the United States was 5 - 50, and the length of their residence in the United States is between 6 and 61 years. The results showed that early (AOA≤15) group’s syntactic proficiency was higher than that adults subjects, supporting the hypothesis of  age effects on the ability to acquire full command of syntax in a L2. Johnson and Newport (1989) selected 46 American university staffs and students who were native Korean or Chinese speakers and moved to the United States between the ages of 3-39. They had an unbroken stay in the United States between 3 and 26 years by the time of testing. All participants had ample exposure to English by native speakers and sufficient experience with the English language. In this survey, participants were tested on their English syntax and morphology knowledge by making grammaticality judgments of spoken English sentences of varying types, which covered 12 lexical and syntactic rules. Among the spoken sentences, half conform to the grammatical rules and half do not.  The data shows that there is a significant negative correlation between age and L2 performance for those who were immersed in English before the age of 16. The 3-7 group is the only group that achieved native performance. The 6-7 and 16-17 group have a general decline in language proficiency. For the 17-39 group, their scores are half low and unstable, regardless of their arrival age. DeKeyser (2000) followed Johnson and Newport (1989)’s grammaticality judgement test and Carroll and Spaon’s (1959, cited in DeKeyser (2000)’s language learning aptitude test to study a sample of 57 adult Hungarian-speaking immigrants, who arrived in United States at the ages of 1-40,  and all had resided in the United States for at least 10 years. Data analysis shows a negative correlation between AOA and performance on the grammaticality judgment task. The less prominent the language structure, the more sensitive to age. DeKeyser (2000) conclude from the data that few adults was observed to achieve a native level of competence in L2 morphosyntax unless he had remarkable explicit, analytic problem-solving capacities.  Qureshi (2016) made a meta-analysis 26 previous research on morphosyntax aquistion. The results show overall age effect on second language acquisition (d=0.46, Zr=-0.40), for the test scores of early learners (younger than 15) are higher than those of late learners (older than 16). The age effect of syntactic acquisition was also confirmed in Hartshorne et al. (2018) in the syntactic proficiency test experiment of 680, 33 bilinguals with second language acquisition age between 7-11 years old.
[bookmark: _GoBack]On age effects in vocabulary acquisition, Silverberg & Samuel (2004) compared three types of Spanish-English bilinguals: EarlyL2 learners (VOA< 7), Late Highly Proficient L2 learners (VOA> 7), and Late Less Proficient L2 Learners (VOA> 7). A Lexical decision priming paradigm is adopted in which the critical trials consist of first language (English) and second language (Spanish) preceded by first (English) primes. That is, English words was first presented as a prime. After the prime, Spanish words was presented as target stimulus. Each Spanish target was paired with four types of English primes: Semantic; Mediated form; Form, and Control. The results imply that age of L2 acquisition has a major influence on how bilinguals represent and access words in their second language. Mediated Form and Semantic primes yielded facilitative priming effects for Early group, but not for the two Late groups. Late Highly Proficient learners showed inhibitory effects of Form primes, whereas the Low proficient group produced no priming effects of any type.  The pattern of priming effects supports an interactive activation architecture, in which the semantic/conceptual level is shared by L1 and L2 for Early learners, whereas for Late proficient leaners, a lexical level is shared. (See Figure 1) 
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Weber-Fox and Neville (1999) used a combined behavioural-electrophysiological approach to examine age function in language processing in a sample of Chinese-English bilinguals. The results show that AOA in L2 has differential effects on the neural subsystems involved in semantic processing,  confirming the hypothesis that language competence  is constraint by maturational changes, because certain neural subsystems are  associated with language processing 
Harley and Hart (1997) studied the relationship between L2 aptitude and outcomes among learners with varied ages of exposure to L2. The learners were 65 Canadian immersion-learning students of grade 11. The results show that for the subjects who started immersive learning in adolescence, the second language proficiency is closely related to the analytical dimension of language aptitude, whereas for the subjects who started learning in childhood, the second language proficiency and memory Ability is positively correlated. This finds is in line with Lenneberg’s (1967) prediction that successful L2 acquisition result from an early start, and post pubertal L2 learners have to rely more on analytical ability for maturational reasons.  
Abrahamsson and Hyltenstam (2009) conducted a comprehensive study on the grammar, phonetics and vocabulary of 195 Spanish-Swedish bilinguals with age of onset of acquisition between younger than 1 and 47.  All of the participants identify themselves as nearly native-like L2 speakers. The study found that the second language proficiency of the subjects was significantly affected by age. Those with an acquisition age less than 11 years old mostly reached the level of native speakers, while those with an acquisition age older than 11 years rarely reached this level. 
b) Opponents	
There are also many researchers who oppose the critical period hypothesis. Opponents put forward three reasons to deny CP. First, non-biological factors such as language input, social, psychological, and cognitive growth are the main determinants of the difference in L2 outcome; Second, there are counter-examples showing that adult learners could be able  acquire L2 successfully as well as children, and even reach the level close to the native speaker; Third, learners of all ages have their own advantages and disadvantages, such as children unconsciously acquire language in communicative situations, whereas older students are more likely to use cognitive and classroom learning methods to learn language (Long 2007, cited in Jiang Meng 2010). Opponents deny the existence of the critical period with evidence from different angle such as the rate and final outcome of L2 acquisition. 
Bongaerts (1999) reported three cases of adult learners, two Dutch learners of English, one Dutch learner of French, who in spite of a late start, had achieved a good pronunciation that is identified to be native-like or authentic by native listeners. In this study, subjects were selected from Danish senior English and French students with excellent grades, and none of them had been massively exposed to target language input from native speakers until at 18. The experiment was conducted to test whether participates’ L2 speech can reach native speaker’s level by requiring them to read aloud sentences and phrases that are particularly difficult to pronounce.  The results show that some learners have reached the pronunciation level similar to native speakers. Based on this, the researchers denies the notion that "there is a critical period of pronunciation" and pointed out that many second language learners fail due to other reasons. 
Flege (1999) found that there is a linear relationship between the age of second language learners and foreign language accents, but this linear relationship does not have an obvious turning point somewhere (a certain age stage) as predicted by the critical period hypothesis , and then the learner's learning ability drops sharply. Based this, Flege(1999) concludes that the decline in second language proficiency is not the result of the loss of ability to learn to  pronounce after the critical period, but the result of the continuous enhancement of the native pronunciation control ability and the use of the native language by the second language learners. Flege also proposed the "Speech Learning Model" (SLM) to explain this.
In terms of the initial rate of L2 acquisition, Snow and Hoefnagel-Höhle (1977) investigated the pronunciation of 136 native English speakers aged 5 to 31 when learning Dutch. The results show that older learners have an initial advantage in learning pronunciation. About 10-11months after starting of L2 learning, the younger leaners outperformed the older learner’s pronunciation, though there was still no overall age difference. Snow and Hoefnagel-Höhle (1978) conducted a longitudinal study of Dutch learners whose mother tongue is English in the natural language environment. It was found that the subjects between the ages of 12 and 15 made the fastest progress of Dutch in the first few months. After one year of study, subjects of 8- 10, and 12 -15 group achieved best performance in Dutch.   Subjects of 3 - 5 group had the worst scores in all tests. Their research results deny the existence of the critical period. 
Some researchers focus on ultimate attainment in second language acquisition and offer evidence against the notion of critical period. Birdsong (1992), Birdsong and Molls (2001) compared bilinguals who started learning a second language after the age of 12 with native speakers of the target language as the subjects. They used grammaticality judgment tasks to explore whether the bilinguals’ syntactic competence could be achieved to the same level as native speakers of the target language. They found that the test scores of some bilinguals reached the same level as native speakers, indicating that it is still possible for the individuals, with AOA after adolescent, to perform like natives .Birdsong et al. (1999) repeated the study of Johnson and Newport (1989, 1991) with 62 Spanish speakers learning English as L2, and found that even if the critical period is closed, L2 outcome is still negatively related to the age of acquisition. This result does not support the idea of a biologically based critical period.  Bialystok and Hakuta (1999)’ s analysis of 24903 Chinese-English bilinguals and 38787 Spanish -English bilinguals in the United States , fail to find any correlations between AOA and syntactic acquisition, and they hence conclude that syntax learning  has nothing to do with age. 
In terms of brain activation in second language processing, Chee et al. (1999) compared 24 proficient Mandarin and English bilinguals’ word processing with the FMRI (Functional Magnetic Resonance Imaging). The subjects were classified into two groups: Early Group (AOE before 15) and Late Group (AOE after 12).  The results show that, despite some differences in the magnitude of activation between the pair of languages, there is no difference between the brain activation pattern of bilinguals when processing Mandarin and English. These instructions indicate that even if the acquisition age is later than the critical period, as long as the subjects have enough practice, ultimate attainment in L2 can still reach native-like level. 
(2) Explanations for the CPH; 
Scholars put forward different theoretical explanations for the possible causes of CP. Singleton (2003: p119) summarized eight various category of explanations which include: Neurolinguistics; Nativist; Cognitive growth; Language-competition; Sensory acuity, Affective-motivational; Input, and ‘Decoupling’ of internalised grammar processing at a certain stage explanations. Singleton (2005) summarized three categories of explanations for CP (See Table 1). 
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   The best known category of explanations for CP is neurolinguistics account, as we have already mentioned above. It was originally postulated by Penfield and Roberts (1959, cited in Muñoz, 2006) and popularized by Lenneberg (1967). Under this formulation, certain brain nerve substrate that is necessary for language learning will lose flexibility after the critical period of the lateralization of brain function after birth.  An alternative explanation is, before the lateralization of the brain is completed, the two hemispheres of the brain are equi-potential and there are two language regions, the left hemisphere is used to store L1, and the right hemisphere is used to accept L2. However, with the completion of the specialization of various brain tissue functions, the relatively weak language areas in the right brain disappeared, so L2 learning encountered difficulties. (Fromkin & Rodman, 1983, cited in Jiang Meng 2010). In fact, there notion of ‘Lateralization’ also arouses debate in literature. 
A second popular account for the cause of CP is ‘Nativism’ hypothesis, which is first postulated by Chomsky and his fellows (1981). ‘Nativism’ holds its principal opinion that people have the innate ability to acquire language that is universal grammar (UG), and this innate ability is species specific and unique in human being. The critical period of second language acquisition coincides with the time when the Universal Grammar takes effect. When Universal Grammar loses its role, it is manifested as the end of the critical period in the process of language acquisition (Smith and Wilson 1979, cited in Singleton 1999; Pinker1995).  A weaker version of Nativist explanation is the Fundamental Difference Hypothesis (Bley-Vroman, 1989, cited in Birdsong 1999), which suggests that the Universal Grammar is not lost, but no longer accessible to the language learner for certain reasons. 
Some researchers take a cognitive development perspectives to the Critical period phenomenon.  Krashen (1973, cited in Singleton 1999), for example, refer to Piaget’s Formal Operations’ stage as the explanation. He notes that adolescent’s tendency to construct theories’ may interfere the ‘natural’ and complete L2 acquisition.  An alternative version of cognitive developmental explanation is Newport (1989, 1990)’ ‘less is more’ hypothesis. Under this view, adults lose the advantage in language acquisition because ‘cognitive maturity’. Children benefit from cognitive immaturity in language in that they take limited short-term memory capacity to extract only a few morphemes from language input with, whereas adults  are  “faced with a more difficult problem of analysing everything at once”(Newport, 1991, p.126) because of  increased  memory capacity. 
  	Another category of explanation for the cause of CP is the idea of competition between languages in learners. This idea is drawn on the behaviorist theory on language learning. This theory considers language acquisition is the outcome of establishing habitual verbal responses to given stimuli, through a process of conditioning , for example, repetition or response to a stimuli- the target language items, will obtain attention, approval, or rewards etc. On this  position then,  the younger, the more efficient would it be for the learner  to acquiring a L2 because  he does not have the sets of habits,  which the adult has acquired and practiced’ (Dunkel, 1948: 68, cited in Singleton 1994) and so ‘continually interfere’ (1948: 70) with L2 learning. So older or second learners have difficulties in dealing with earlier established L1 habits. 
	In addition to the above mentioned explanations, there are a number of other diverse accounts, such as quality and quantity of language input, deterioration of sensory acuity, affects and motivations etc. To sum up, there is no census or persuading evidence on the causes for the existence of CP.
(3) Termini of the CPH.
Scholars have been arguing about when the critical period exists. Penfield and Roberts (1959, cited in Muñoz, 2006 ) considered it to be from birth to nine years old; Lenneberg (1967) considered it to be from two years old to about puberty; Johnson and Newport (1989) argue for two phases of CPH for L2 acquisition. The first phase is a maturational phase which begins from birth to about the age 7, during which learner finds most favourable to acquire a language. The second phase is from around 7 years old to puberty (15 years old); however, Pinker (1995) considered that it begins at 6 years and ends at about puberty, whereas  Hyltenstam and Abrahamsson (2003) thinks it ends shortly after birth.
Some scholars propose for a multiplicity critical periods in sub-systems of language, that is, the acquisition of phonetics, semantics, and syntax each has its own critical period. It’s also possible that some do not have a critical period, whereas some have. 
Singleton (2005) made a summary about various proposals on the termini of CP, as shown in Table2. Molfese (1977, cited in Singleton,2005) argues for a phonetic and phonological CP that ends at about 1year old; Seliger (1978, cited in Singleton,2005) holds a different opinion in that phonetic and phonological CP would off by puberty, remaining syntactic acquisition available until later on in life; In contrast, Diner (1981, cited in Singleton,2005) states that phonetic and phonological CP extends to 6 - 8 years because pyramidal cells that are required for phonetic acquisition does not develop until at this age. Scovel (1988) believes phonetic acquisition is the only area that has age limits in the development of language because it has a ‘neuromuscular’ development basis, and that the critical period for phonetic acquisition ends at the age of 12; Ruben (1997, cited in Singleton, 2005) identifies the critical period for phonetic acquisition starts from 6th month to 12months in infancy, and syntactic CP ends at the age of 4, Semantic CP ends at the age of15-16. However, Hartshorne et al. (2018) concludes that the syntactic CP does not end until by puberty (17.4 years). 
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From the above discussion, we can see that, up to now, we fail to find sufficient evidence to absolutely affirm or deny the existence of the CP of L2 acquisition. There are several reasons for this: First, the definition of certain key concepts - the age of acquisition, the age of explosion, and native level proficiency etc., are not easy to be consistent.  Second, participant selection criteria in different studies are not unified enough. Thirdly, it is not easy   to control variables perfectly in the research; What’s more, the target language investigated by different researchers, the measurement tools used, the experimental materials and the participants are not in the same standards. 

III.Implications for L2/ FL teaching 
The above research shows that the controversy on the critical period of language has never ends. In fact, age is just one of the factors that affect second language or foreign language learning.  We need to jump out of the "critical period" preservative, and focus on the differences between the two populations (adults and children) in L2 learning, and explore its implications for second language teaching. 
1. Cognitive level 
Children (before age11) are not yet mature in their cognitive development, and their abstract thinking ability has not yet developed. They are good at understanding concrete things not abstract concepts such as language rules. Their mechanical memory is stronger than adults, while adults perform better in long-term memory. Adults have developed mature cognitive structure and abstract thinking. Adults can perform mental operations on ideas and propositions and develop problem-solving reasoning skills without being confined to real or observable things. They are good at conceptualizing, generalizing and theorizing things. They can construct meaning and handle complex deep language forms and contents easily, so they are better at learning grammar, language skills, and language strategies than children. Therefore, different teaching methods should be employed for children and adults. They have stronger metalanguage awareness.
Concerning the above differences, we learn that working with children and working with adults are totally different.  For child learners, teachers should try to provide visual materials and means such as cartoons, pictures, stick figures, pantomimes or gestures, and situational contexts as much as possible, so that students can perceive the meaning of the target language in a meaningful context. Too much explanation of syntax and grammar should be avoided to given to children. As for adults learners, teachers can guild them to discover, analyse , and summarize  rules in language by making full use of their  strong comprehension ability, abstract thinking ability and logical thinking ability, so as to improve the effect of language acquisition.
2. Learning Mechanism  
Children’s language development relies more on the natural acquisition process and uses an implicit learning mechanism, which belongs to unconscious learning. Children’s language learning is more likely to occur in informal situations, that is, life situations. While adults have largely lost the implicit learning mechanism, relying on the explicit learning mechanism, and adults learning is more likely to occur in formal situations, that is, school classroom situations. 
Therefore, for child learners, teachers should adopt more implicit teaching methods, and provide as rich language environment as possible, such as multimedia play, picture presentation, scene setting, context setting, etc., to make up for the target language context as much as possible, thus children was able to acquire L2 unconsciously in a rich language environment.. 
For older learners, explicit teaching methods can be adopted to draw their attention to language features and promote their inductive learning from input. .
3. Affects and psychological properties  
Children’s motivation to language learning is quite different from that of adults. Children’s language acquisition is accompanied by cognition of the objective world. They are naturally curious and active. They are full of enthusiasm and often show lots of eagerness to participate. They are imaginative, creative and like new things. They are often not as self-conscious as adults in speaking the language, and thus not afraid of making mistakes in front of others. Therefore there are few emotional barriers in motivation in children.  But their attention span is short and cannot concentrate on one things for fairly long time. Children do not often have clear purpose to second language learning, they learn simply because they are happy and enjoy the activity. They are less able to regulate themselves. They are not good at planning and monitoring their learning and need to develop these abilities. Therefore, teaching should focus on cultivating interests. It’s advisable to use many short and simple activities instead of long one, and make the learning enjoyable and pleasant and organize some interesting activities for children in view of their lively and active characteristics. The kinds of activities that work well in children are games, songs or chants with actions, TPR activities, role plays, tasks are involve guessing, colouring , cutting , and sticking, simple speaking activities that have communicate values.(Wang Qiang, 2009) 
   On the contrary, adults are aware of their own learning needs, often have clear learning purpose or motivation for language learning, can make a learning plan that suits them, and take responsibility for their own learning. They are good regulating themselves in learning and can concentrate more on what they learn. They can learn by listening attentively and taking notes in detail about vocabulary or grammar rules.  However, being too self-conscious, adults may pay too much attention to whether they are correct. When speaking in front of others, they are prone to worry about making mistakes and lose face in public, thus have a feeling of anxiety which inhibit language learning. Therefore, in the teaching process, teachers should create a relaxed and pleasant learning atmosphere, to eliminate their tension, minimize their anxiety, and cultivate self-confidence.
Children and adults have their own advantages in learning L2, and teachers should make good use of each population’s advantages in the process of classroom L2 teaching. On the other hand however, there are also some similarities between the two populations for L2 learning.
First, rich context and authentic input, opportunities for using the language, interaction with others, etc. are all important in language learning for both adults and children. Teachers should create a nice environment for them to use the language to do things. Teachers need to provide opportunities and sufficient time for learners to experience and experiment with the target language; Task-based teaching and communicative teaching are beneficial to both children and adults for the use of language in a real context.
Second, positive learning attitude is the key to success in language learning. Teachers should adopt different teaching methods and design different teaching activities according to students' learning styles and characteristics to continuously stimulate and strengthen their learning interests and motivations.
In sum, language acquisition is a complex process. What need to be considered include not only physiological factors but also other non- physiological factors, such as  target language input, cognitive growth, affects, attitudes, motivation to improve the efficiency and effectiveness of L2 learning. 
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(Silverberg & Samuel 2004, p392)-
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Table 1. Summary of explanations of CP (Singleton, 2005,p.. 275)
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Table 2. Summary of a range of proposals for CP termini (adapted from
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