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Abstract 

 
ENERGY CONSERVATION THEORY FOR SECOND LANGUAGE ACQUISITION  

(ECT-L2A): A PARTIAL VALIDATION OF KINETIC ENERGY– APTITUDE AND 

MOTIVATION 

 

Peter Kim 

 

 

 

While language aptitude and motivation are considered to be important contributors to 

second language (L2) attainment, two major gaps in the past research have been (1) a lack of 

nonlinear models stemming from a naïve and tacit assumption that learning outcomes are 

linearly related to their predictors, and (2) a lack of unified and integrative understanding of key 

individual differences (ID) variables (Dewaele, 2009; Larsen-Freeman, 1997). Despite changes 

in conceptualization of language development as a dynamic system comprised of nonlinear and 

interconnected subsystems (e.g., CDST), an integrative understanding of ID variables in L2 

acquisition remains lacking.  

The purpose of this dissertation study was to examine motivation and aptitude and their 

relationship to second language acquisition. Specifically, the study set out to validate a number 

of theoretical claims made by energy conservation theory for second language acquisition (ECT-

L2A) and its attempt to unify key ID variables under one model (Han et al., 2017a).  ECT-L2A 

predicts, inter alia, that aptitude and motivation are positively related to L2 achievement but 

their effects diminish with increase in proficiency. This is visually represented as a nonlinear and 

asymptotic L2 learning trajectory vis-à-vis aptitude and motivation. 



 

  

  

In the current study, two hundred and three adult Spanish-speaking learners of L2 English 

(N=203) of wide range of proficiency were measured on their level of aptitude (LLAMA_F), 

motivation (Attitude Motivation Test Battery) and attainment (grammaticality judgment test). 

The data were analyzed using correlations (PPMC, partial, dis-attenuated), R-squared measures, 

and fitted with orthogonal distance regression via total least-squares method. The results of 

correlation analyses and regression showed that as predicted, aptitude contributed positively 

towards attainment, but its effect diminished with increase in proficiency. On the other hand, 

while all participants were motivated to learn, motivation decreased with increases in attainment 

throughout L2 development. Motivation’s effect on achievement became asymptotic and its 

contribution towards target language (TL) mastery diminished. When aptitude and motivation 

were combined as a single unit, the learning trajectory closely resembled the curve predicted by 

ECT-L2A. Based on these findings, two general interpretations concerning motivation and 

aptitude were presented: 1) changes in motivation and aptitude with respect to attainment and 2) 

their differential efficacy towards native-like proficiency during L2 development. Finally, 

implications regarding the universality and the versatility of ECT-L2A are discussed under the 

broader call for more mathematical models in future SLA research.
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Chapter 1: Introduction 

We live in the modern era of globalization in which growing interdependence of 

economies, trades, goods and services, information, research, and technology are bringing 

countries closer together more than ever. Epiphenomenal to this reality is a need to learn at least 

one lingua franca in order to communicate with other nationalities and be able to function in a 

multilingual society. Knowing a second language is no longer just an asset; it is a necessary 

means of thriving in today’s global marketplace. However, while human beings’ ability to master 

their first language has often been recognized as an invariant convergence towards native 

competence, the ability to master a second language has shown a wide range of variance among 

adult learners (Birdsong, 1992). In fact, very few L2 learners ever reach mastery levels on par 

with native speakers. Those who do reach such rarefied air are estimated to account for about 5% 

of the adult L2-learning population to upwards of 10% to 15%. For the remaining 85 to 95%, 

there is a wide range of variability in ultimate attainment, mostly falling short of becoming 

native-like and reaching the limits of their own resources at some point along the journey 

(Abrahamsson & Hyltenstam, 2008). Unquestionably, no two learners are identical, and each 

learner brings a unique set of characteristics, resources, abilities and motives for learning a 

second language that contribute to their ultimate attainment. In this regard, there is a need for 

greater understanding and analysis on why and how variable outcomes and general failure in L2 

are manifested through the inner workings of individual differences. 

In this chapter, a brief summary of ID research is presented, highlighting a lack of an 

integrative understanding that accounts for variable outcomes in adult L2 acquisition. Among the 

number of ID variables related to differential outcome, aptitude and motivation stand out as the 

“big two” factors demonstrating the most consistent correlations with L2 achievement (Ellis, 
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2006). Although they have both been acknowledged as important factors that contribute to L2 

learners’ ultimate attainment of the target language, attempts to explain aptitude and motivation 

in one parsimonious model have been few and far between (Han et al., 2017a).  

More importantly, theoretical attempts to model their role have not addressed two critical 

phenomena: first, adult L2 learners display variable outcomes in their ultimate attainment; and 

second, the majority of adult L2 learners fail to attain native-like proficiency– their efforts often 

culminating in a state of stasis (Bley-Vroman, 1989). To bridge these gaps, energy conservation 

theory for second language acquisition is introduced as a model of L2 development and ultimate 

attainment (Han et al., 2017a). Before ECT-L2A is discussed in detail in chapter 2, the theory’s 

unique interdisciplinary genesis and its theoretical background are introduced. The chapter ends 

with definitions of key terms and an overview of the current study.  

 

1.1 Individual Differences in Second Language Acquisition  

Accounting for individual differences (ID) that contribute to variable learning outcomes 

has been a rich source of theoretical inquiry and empirical research in the field of SLA (Dörnyei 

& Skehan, 2003). Historically, interests in identifying abilities that influence how well an 

individual learns a second language began as early as the 1930s, even predating the 

establishment of SLA as a discipline. In 1930, Symonds developed one of the earliest aptitude 

tests: The Foreign Language Prognosis Test. This was later followed by Carroll and Sapon’s 

Modern Language Aptitude Test (MLAT), which popularized the notion and propelled ID 

research into the modern era (MLAT, 2014). From 1985 to 1997 alone, publications on factors 

that contribute to L2 learning outcomes numbered 1,480, most of which focused on attitude, 

motivation, aptitude, and learning strategies (Gardner, 1997). And in the 21st century, interests in 
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the topic has remained strong with publications of metanalyses on past research, development of 

new theories, and validations of psychometric instruments used to measure ID variables (Wen et 

al., 2017). 

 For SLA scholars, why some learners are more successful than others is not simply a 

matter of pedagogical prognostication (i.e., forecasting who will be successful in an L2 

classroom); the question is in fact central to the field of SLA. Commenting on the logical 

problem of foreign language learning, Bley-Vroman (1989) lists variation in L2 acquisition 

success as one of the fundamental characteristics of foreign language learning experience: also 

known as the fundamental difference hypothesis. That is, among adult learners there are 

substantial variations in the degree to which they fail to achieve native-like competence, even 

when age, exposure, opportunity, and instruction are taken into consideration. One of the key 

objectives of SLA is to address the logical problem of foreign language acquisition that accounts 

for variable and divergent outcomes in adult learners inasmuch as the theory of universal 

grammar explains convergent success of L1 acquisition in children. Bley-Vroman thus defines 

the logical problem of SLA as the following:  

 

“The logical problem of foreign language acquisition then, is to explain the quite high 

level of competence that is clearly possible in some cases, while also permitting the wide 

range of variation that is observed” (Bley-Vroman, 1989, p. 13).  

 

Given the importance of explaining the wide range of variation, Dewaele has called individual 

differences “the quest for the holy grail” in SLA research (Dewaele, 2009, p.625). Echoing this 
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sentiment, Gregg’s (2003) statement about the explanatory role of any SLA theory in question is 

thus worth repeating:  

 

“Sooner or later, any SLA theory must deal with the fact that the final state, however 

characterized by the property theory, varies across learners, and differs from the final 

state achieved by a native speaker” (Gregg, 2003, p.855).  

 

The source of divergence in L2 ultimate attainment among individual learners is 

multifaceted, stemming from a list of factors that makes one individual different from another. 

While a list of what makes individuals unique can never be exhaustive, the most commonly cited 

factors in SLA research include the following: intelligence, language aptitude, working memory, 

learning style, motivation, anxiety, personality, willingness to communicate, learner beliefs, 

learning strategies, and even gender (Ellis, 2006; Zafar & Meenakshi, 2012). In the broadest 

sense, these factors can be categorized as learner-internal and learner-external variables 

(Dewaele, 2009). Others have grouped them as a tripartite of psychological factors that are 

broadly cognitive, affective, or conative (Ellis, 1985), while other classifications include learning 

styles, learning strategies, and affective variables (Ehrman et al., 2003); social, cognitive, and 

affective; or abilities, propensities, learner cognitions, and learner actions (Ellis, 2006; Robinson, 

2007). Among the seemingly endless number of variables related to differential outcome, 

aptitude and motivation have been the most consistent predictors of second language learning 

success with correlations that range from 0.2 to 0.61. No other individual differences – aside 

 
1 For correlation coefficients, Cohen’s (1988) benchmark is .1 for small, .3 for medium and .5 for large. On the other 

hand, Plonsky and Oswald (2014) recommends .25 be considered small, .40 medium, and .60 large for field-specific 

scale of effect sizes in SLA research.  
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from age of onset2 – have been shown to rival such levels of predictability in L2 learning success 

(Dörnyei & Skehan, 2003; Ellis, 2006; Gardner, 2000). And since 1950s there has been ample 

empirical evidence in support of motivation and aptitude as important contributors of L2 success 

among postpubescent L2 learners. Given their long history of importance and distinction, 

aptitude and motivation have naturally been two of the most studied and schematized factors in 

individual differences (ID) research (Gardner & Lambert, 1959). 

Despite their recognition, what has been missing in ID research is a unified theory that 

can account for multiple factors jointly under one system, or simply put, a “grand united theory 

of individual differences” (Dewaele, 2009, p.625). Vis-à-vis language aptitude, there have been a 

substantial number of theories, test batteries, and validity claims, and L2 motivation likewise has 

had its fair share of theories and models. However, limited research has been devoted to account 

for both motivation and aptitude under a single framework save e.g., Gardner’s social-

educational model (Gardner & Lambert, 1959).  In part, this is because aptitude and motivation 

have been considered separately under mutually exclusive theoretical frameworks in which 

either aptitude or motivation was the sole focus. A bigger issue may be that there is a 

proliferation of disparate theories due to conceptualization of research questions in SLA as 

univariate problems. According to Han (2017a), the theoretical landscape of SLA features over-

abundance of theories that are fragmented and even contradictory, described as being “parochial 

and non-interactive, a majority of them focusing on a single variable (e. g., input) and ignoring 

other theoretical insights” (Han et al., 2017a, p.138). 

 
2 Age of onset is by far the single most important individual difference that determines L2 ultimate attainment. Its 

importance in SLA is highlighted by the critical/sensitive period hypothesis, and it is also a key differentiator 

between L1 and L2 acquisition. However, as Ellis (2006) noted, the age factor with its special status is treated 

separately and often not included in ID research due to the studies’ primary focus on adult learners.  
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The theoretical framework of the current study (ECT-L2A) seeks to bridge this gap by 

considering aptitude and motivation, among others, as parts of a single dynamic system. Energy 

conservation theory for second language acquisition is an attempt to mathematically model key 

variables in L2 acquisition by outfitting them into one of the most fundamental equations in 

Newtonian physics: the law of energy conservation. In ECT-L2A, multiple variables of aptitude, 

motivation, L2 input, and L1-TL distance parallel the kinetic, potential and centrifugal energies 

that drive the motion of a particle (the L2 learner) towards a central force, the target language. 

By positioning these four variables together under a single system, ECT-L2A presents a 

multivariate approach to modeling L2 development that is both dynamic and nonlinear.  

For most researchers in the field of applied linguistics, deriving a mathematical model by 

juxtaposing physics and second language acquisition may seem unusual and contrary to 

convention. Given the novelty of this kind of theory construction, rationalization for an 

interdisciplinary crossover between natural science and social science is considered first before 

moving forward with the rest of the introduction.  

 

1.2 Modeling SLA with Mathematics 

The famed Greek philosopher Pythagoras once remarked that “all is number”, and it 

reflects a belief that everything in the universe can be modeled mathematically or quantified by 

assigning numeric values to natural phenomenon (Zhmud, 1989). Grounded in this principle, 

mathematical models have been used throughout the history of science because their expressions 

provide systematic and precise descriptions of knowledge in ways that natural human languages 

are not capable of conveying. In this regard, the field of physics is perhaps best known as the 

quintessential discipline that applies mathematical models to describe reality. Galileo once stated 
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that “physics speaks the language of mathematics”, and undeniably, the field has relied heavily 

on mathematical models to describe both the observable as well as the unobservable phenomena 

of the universe (Il’in, 2017).  

The importance of using mathematics in hard sciences requires no introduction, but its 

application is by no means exclusive to physics or hard sciences alone. Numerous equations, 

postulates, theories, and methods derived from physics have inspired soft sciences to adopt and 

adapt to describe, model, theorize, and explain soft science phenomenon. Interdisciplinary 

collaboration between physics and social sciences is hardly a new experience. In fact, the idea 

that physics can illuminate human behavior dates back to the second half of the 19th century 

when Adolphe Quetelet became a pioneer in applying the mathematical tools of astronomy to 

social phenomena which led to the emergence of social-physics3 (Jahoda, 2015). Economics for 

example, also has had a long history of employing principles and methods gleaned from physics 

such as nonlinear dynamics, stochastic process and chao theory to the extent that there is an 

interdisciplinary field known as econo-physics (Yegorov, 2007). In the field of linguistics, the 

study of human language has also had notable interdisciplinary approaches that likewise drew 

inspiration from physics. Examples include Newton’s classical gravity equation used to explain 

linguistic changes and language diffusion (Trudgill, 1974), Fokker-Planck equation that explains 

a particle in a Brownian motion fitted to construct a mathematical formulation of a theory of 

language change (Baxter et al., 2006), or the use of equilibrium statistical mechanics to model 

vocabulary size of children and their age (Kosmidis et al., 2005). Other examples include the use 

of statistical physics – a branch of physics that relies heavily on probability theory and statistics 

– to a very fruitful line of research in language dynamics such as first language acquisition in 

 
3 Social physics or socio-physics invokes physics and mathematical means inspired from physics to model human 

behavior such as large crowds (Jahoda, 2015).  
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children, and language evolution (Cassandro et al., 1999). Statistical physics has also been used 

to predict language diversity (Raducha & Gubiec, 2018), language dynamics related to 

emergence, and evolution of languages (e.g., Loreto et al, 2011). All in all, it is not uncommon 

for studies on linguistic development and change to be coauthored by physicists and linguists in 

a true interdisciplinary fashion (e.g., Baxter et al., 2006).  

 In SLA, the crossover into physics for theoretical inspiration has been, for the most part, 

nonexistent until Larsen-Freeman (1997) introduced the notion of complexity and de Bot (2008) 

followed with dynamic systems theory. Both complexity/chaos theory and dynamic systems 

theory have their origins in the principles of nonlinearity, uncertainty, and unpredictability found 

in mathematics and quantum physics.4 However, neither features mathematical models of their 

interdisciplinary source but instead draws on the conceptual models of complexity, nonlinearity, 

and dynamicity as analogous metaphors under the SLA context. As a result, crossing the 

boundary of SLA proper and venturing into the “hard” sciences has led to appropriating the 

language of those disciplines as a metaphorical device to introduce novel ideas in SLA contexts 

without its mathematical complements. Energy conservation theory for second language 

acquisition is the first SLA theory to not only draw inspiration from physics but also to use the 

corresponding mathematical equation in an effort to explain an important L2 phenomenon: inter-

learner variability in ultimate attainment. ECT-L2A’s contribution is trailblazing in that though 

conceptual models abound in SLA, mathematical models are rare, if not nonexistent. In this 

regard, ECT-L2A may seem heterodoxic, even heretical, to traditional ways of generating SLA 

theory, but only because the field has perhaps been too slow to embrace unconventionality, 

 
4 In quantum physics, Heisenberg’s Uncertainty Principle states that it is not possible to ascertain both the position 

and the momentum of a subatomic particle simultaneously, which renders predicting the final outcome of the 

particle impossible (Larsen-Freeman, 1997). From an interdisciplinary perspective, the Uncertainty Principle implies 

that some systems in the universe are inherently unpredictable.  
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however long overdue (Han et al., 2017a). There is a need to move beyond the interdisciplinary 

partnership that is bounded within the limits of soft sciences given how other disciplines have 

reaped the benefits of collaborating with natural sciences. One can argue that though SLA has 

tried or claimed to be interdisciplinary, it has not been interdisciplinary enough. Citing 

Phillipson, Rajagopalan (2004, p.410) stated that applied linguistics still draws heavily from 

limited fields such as linguistics, and lightly on education, cultural theory, sociology, and 

international relations. In light of this, ECT-L2A hopes to be the first of many to come in the 

future of SLA research that changes this trajectory.  

 

1.3 ECT-L2A   

In physics, the law of energy conservation states that the total energy of an isolated 

system remains conserved, and energy can only be transformed or transferred from one form to 

another within a system. It is a bounded and closed system in which the total energy does not 

grow indefinitely; instead, it reaches an equilibrium after transforming from one state to another 

while the object involved does work. The simplest definition of conservation of mechanical 

energy involves the conversion of energy states between potential (PE) to kinetic (KE) so that 

−ΔPE=ΔKE and KE + PE = constant or KEi+PEi=KEf+PEf where i and f denote initial and final 

values. This can be demonstrated with an example of an object whose PE is defined as mgh – an 

object placed h distance away from an arbitrary reference point (the ground in most cases). As 

the object falls, it gains KE that is equal to 1/2mv2 but the total change in KE must equal the 

change in PE, and the total energy of the system is conserved (Goldstein,1980). 

One application of this law is the motion of an object in a central force field moving 

toward a fixed point without reaching the center. A central force is an attractive (negative) force 
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that points from the particle towards the center point whose magnitude only depends on the 

distance of the object to the center. There are three component energies that explain this process: 

(1) the kinetic energy of the particle in motion, (2) the attractive potential energy of the central 

force, and (3) the repulsive centrifugal energy due to angular momentum which prevents the 

object from reaching the center. When L2 development is represented as a process in which the 

learner is drawn to the target language; we can equally attribute learning as a process that 

involves transformation of energies that are kinetic, potential and centrifugal. The learner and the 

target language are two gravitating masses separated by a distance r0, which by extension of the 

same analogy is the distance between the learner’s position in the learning process relative to the 

target language (TL).  In physics, kinetic energy is the energy of an object headed towards the 

central force due to its velocity and mass, defined as 1/2mv2. Outfitting this algorithm in SLA, 

the particle is, analogously speaking, the L2 learner approaching the target language (central 

force) with two properties of aptitude and motivation that are positive in value.5 Potential energy, 

on the other hand, is defined as the stored energy of an object due to its position relative to other 

objects in the system. It is a function of distance r with a boundary condition that the potential 

energy is zero when the distance between the two objects is at infinity. In SLA, there is an 

attractive pull of the TL input that draws the learner closer to his/her ultimate attainment in the 

L2 acquisition process from a distance of nonexistent L2 knowledge, (distance of “infinity”) to 

complete L2 knowledge of being native-like (distance of “zero”). The role played by input is 

theorized to act as the potential energy of the system consumed by the kinetic energy (aptitude 

and motivation) to reach the target language goal. Lastly, the centrifugal energy provides 

outward force that prevents the object from reaching the center. The potential energy related to 

 
5 It should be noted here that a conceptual parallel is drawn between kinetic energy in SLA and mv2/2 in physics. 
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the central force is attractive, but if there is angular momentum, a centrifugal barrier arises. With 

angular momentum, it becomes very difficult to reach the central force because it requires ever 

faster speed towards the center with greater kinetic energy. This phenomenon is similar to a well-

attested observation in SLA that adult L2 learners inevitably reach an end state of ultimate 

attainment characterized by asymptotic progression towards the TL without ever reaching native-

likeness. The repulsive barrier that counteracts kinetic energy (motivation and aptitude) and 

potential energy (TL input traction) prevents the learner from attaining native-like proficiency. 

This is defined as the centrifugal energy. In SLA, the source of centrifugal energy is the role 

played by the typological distance between the TL and the L1 of the learner, similar to the role 

played by angular momentum in physics.  

The total energy E of the central force motion in physics is given below, where U(r) = 

potential energy, m = mass, v = velocity, and L = angular momentum:6  

                                               
1

2
𝑚𝑣2 + (

𝐿2

2𝑚𝑟2 + 𝑈(𝑟)) = 𝐸                       (1) 

The effective potential Ueff(r) is defined as the sum of the opposing centrifugal energy with the 

central force potential energy:  

    𝑈𝑒𝑓𝑓(r) = (
𝐿2

2𝑚𝑟2 + 𝑈(𝑟))                 (2) 

 

Note that the gravitational potential energy between two objects of mass M and m is:  

 

𝑈(r) = −
𝛼

𝑟
 , where 𝛼 = GMm 

 

Ueff(r) is the sum of potential energy and centrifugal energy. An alternative form is the 

following: 

 
6 The ECT-L2A model uses different Greek letters for the variables (compare Equations 1, 2, and 3 to Equation 4).  
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                  𝑈𝑒𝑓𝑓(r) = (
𝐿2

2𝑚𝑟2 −
𝛼

𝑟
)     (3)  

Alternatively, kinetic energy can be defined as the difference between the total energy and the 

effective potential. The effective potential is useful for visualizing orbital mechanics widely used 

to describe the trajectory of a particle in central force motion. This is because given the angular 

momentum, one can plot the effective potential and predict stable circular orbits and see how the 

centrifugal barrier prevents the approaching object from overtaking the central mass 

(Goldstein,1980). 

Based on the mathematic formulae of central force motion in physics and the noted 

parallel with L2 ultimate attainment in SLA, a mathematical model of L2 ultimate attainment can 

be outfitted with comparable variables. The three energies from physics and their analogous 

counterparts in SLA are summarized in Table 1 below (Han et al., 2017a; 2017b).  

Table 1: Operationalization of central force energies in SLA 

Component Energy in SLA SLA Definition Variables Formula 

Kinetic energy Motivation + 

Aptitude 

 

Motivation = ζ(r) 

Aptitude = Λ 

ζ(r) + Λ 

 

Potential energy Traction of the TL 

input 

 

Mass of input = ρ − (ρ/r) 

Centrifugal energy L1-TL typological 

distance 

L1-TL deviance = 

η 

η2/r2 

 

The kinetic energy is motivation (as a function of distance towards native-likeness) and aptitude. 

It represents the learners’ inner drive and cognitive resources. The potential energy is the role 

played by target language input. As the distance towards native-likeness narrows, the role of L2 

input grows. Lastly, the centrifugal energy is the typological distance between the L2 learner’s 

native language and the target language. This represents the barrier that prevents learners from 

reaching L2 native-likeness. In chapter 2 (section 4), an in-depth explanation on ECT-L2A 
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including its applications, predictions and operationalizations of energies and their four 

composite variables will be given.  

 

1.4 Focus of the Study  

The focus of the present study was to address the lack of systematic understanding of L2 

ultimate attainment in SLA literature through partial validation7 of ECT-L2A. The study was 

considered a partial validation because in the current study, only aptitude and motivation were 

examined while the influences of TL input and L1 to TL distances were left unexplored. The two 

constructs of aptitude and motivation have been the subject of much theorizing and empirical 

research in isolation, but a higher order understanding that integrates both under one system has 

been few in the literature. This is the gap ECT-L2A attempts to fill by mathematically modeling 

second language acquisition as a conservation of energies, in the parlance of physics. In ECT-

L2A, the common denominator that ties motivation and aptitude under one framework is the role 

each plays in the ultimate attainment of adult L2 learners. The study set out to investigate 

specific claims of ECT-L2A regarding how aptitude and motivation influence learning outcomes.  

To review, the sum of aptitude and motivation (Λ + ζ(r)), is equal to the kinetic energy of 

the learner (Table 1). Since aptitude and motivation are considered learner-internal factors that 

are ‘kinetic’, (i.e., action-driven towards a learning goal) they were hypothesized to be related to 

measures of acquisition. The goal of the study was to not only relate the measure of learning to 

aptitude and motivation but also to examine how these relationships change both linearly and 

nonlinearly with learning outcomes. In sum, the focus of the dissertation was to approximate ζ(r), 

 
7 The approach to validating ECT-L2A is similar to Kane’s (2006) argument-based approach to validation. Although 

the term “validation” is not identical to Kane’s nor to that used in second language assessment, the two elements 

essential to any validation are argumentation and evidence.  



 

  14 

 

Λ, and r, (motivation, aptitude, and ‘distance’ to target-likeness, respectively) and verify their 

relationship to L2 learning outcome, operationalized as morphosyntactic knowledge of the target 

language.  

 

1.5 Definition of Terms  

Key terms and constructs most relevant to the current study are briefly defined below. 

Several of these terms and constructs are extensively defined and discussed in the following 

chapters. For terms related to SLA, Key Terms in Second Language Acquisition by VanPatten 

and Benati (2010) was consulted.  

 

1. Aptitude: a learner’s propensity to learn an L2, and is one of many factors researched 

in the field of individual differences. The four main factors associated with such 

propensity are 1) the ability to handle and memorize new sounds in an L2; 2) the 

ability to recognize grammatical function of words in an L2; 3) the ability to 

extrapolate grammatical rules from L2 samples; 4) the ability to memorize new words 

in an L2 (VanPatten & Benati, 2010).  

2. Asymptote: a line that a curve approaches as it heads towards infinity.   

3. Centrifugal energy: repulsive force of the learners’ L1 that pushes them away from 

native-like acquisition of the target language (Han et al., 2017a).  

4. Individual differences (ID): a set of personality and psycho-emotive characteristics 

every learner brings to the task of learning. Those characteristics have the potential to 

influence learning, specifically how learners explicitly go about learning as well as 

how quickly they learn and how far they get in their learning. Some of these 
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characteristics include aptitude, motivation, learning styles, and learning strategies 

(VanPatten & Benati, 2010). 

5. Kinetic energy: combination of motivation and aptitude that propel learners to action 

towards L2 acquisition (Han et al., 2017a).  

6. L1-TL deviance: typological distance between L1 and L2 as an index of L2 learning 

difficulty (Han et al., 2017a).    

7. L2 development/developing system: L2 learner’ mental representations at any given 

time during acquisition. The system is dynamic and changing, with the idea that the 

learner is attempting to converge on a linguistic system resembling that of a native 

speaker (VanPatten & Benati, 2010).   

8. L2 input: language that L2 learners are exposed to in communicative context. It is 

language that learners hear or read that are processed for its message or meaning 

(VanPatten & Benati, 2010).    

9. Linearity vs. nonlinearity: in mathematics, linearity is the property of a mathematical 

relationship (function) that can be graphically represented as a straight line. On the 

other hand, a nonlinear relationship does not create a straight line but instead creates a 

curve. In statistics, nonlinear curves can be modeled using (intrinsically) linear 

regression because linearity in regression is in respect to the beta coefficients and not 

with respect to the predictors (James et al., 2013).  

10. Motivation: the degree and type of “wanting to learn” and one of the individual 

differences (traits that vary across individuals) (VanPatten & Benati, 2010). 



 

  16 

 

11. Native-likeness: whether or not L2 learners behave in a qualitatively similar manner 

to native speakers or possess qualitatively similar underlying mental representations 

of language (VanPatten & Benati, 2010). 

12. Potential energy: attractive pull of the target language input that draws the learner 

towards L2 acquisition (Han et al., 2017a). 

13. Ultimate attainment: point at which learners seem to stop progressing. Learners’ 

grammar (linguistic system) has reached stasis. Ultimate attainment for all 

unimpaired L1 learners is a native system (VanPatten & Benati, 2010). 

 

1.6 Overview  

The remainder of the dissertation is organized as follows: literature review, methodology, 

results, discussion and conclusion. In chapter 2, a review of the literature examines aptitude and 

motivation, each considered as a single variable of interest. How each is defined, characterized, 

measured and related to variable learning outcomes are discussed in depth. The review of 

aptitude and motivation identifies gaps in the current understanding of how they are related to 

learning outcomes, and ECT-L2A is introduced as a solution to bridge these gaps. This is 

followed by an in-depth look at the mathematical formulae of ECT-L2A, their derivations, 

implications and predictions on learning outcomes.  

Chapter 3 focuses on the methodology, starting with a description of a pilot study that 

examined the role of aptitude and motivation on grammatical competence. Next, the research 

questions are stated followed by the hypotheses. The present study has three overarching 

research questions regarding the role of aptitude, motivation, and kinetic energy on the learning 

outcome. These three research questions are further specified as seven hypotheses based on 
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ECT-L2A. The participants of the study, data collection procedure, and the instruments used for 

measuring aptitude, motivation and grammatical knowledge are presented in detail. Importantly, 

how ECT-L2A energies and their components are operationalized is discussed. The chapter 

concludes with a discussion on how each instrument was scored and the method of data analysis. 

 Chapter 4 presents the results of statistical analysis. First, descriptive statistics of 

aptitude test scores, motivation survey scores, and grammaticality judgment test scores are given. 

This is followed by correlation coefficients and orthogonal regression estimates for each 

hypothesis regarding aptitude, motivation and kinetic energy. For each regression model fitted to 

ECT-L2A, graphical overlays of the predicted values across the values of the observed predictor 

are shown. The curvilinear patterns displayed in the data are briefly discussed under the ECT-

L2A framework.  

Chapter 5 discusses key findings. First, cross-sectional interpretations are discussed in 

relation to aptitude, motivation and kinetic energy based on the results of chapter 4. Second, a 

broader perspective on the role of mathematical models in SLA as well as the universality of 

asymptotic learning curves in cognitive psychology are considered as added strength of ECT-

L2A. The chapter ends with a discussion on the study’s limitations and future directions.  
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Chapter 2: Review of the Literature 

This chapter reviews the literature on aptitude and motivation, each as separate, 

independent ID factors. ECT-L2A is then introduced as a theory of L2 ultimate attainment that 

integrates the role of aptitude, motivation, L2 input and L1. As the main theoretical framework 

of the current study, ECT-L2A is explained systematically and in great detail.    

 

2.1 Aptitude for Learning a Foreign Language  

 Foreign language aptitude is arguably the best predictor of success in adult language 

learners (DeKeyser, 2000). Like all cognitive constructs, pinpointing its exact characteristics and 

identifying their observable manifestations in adult learners have been illusive and difficult. Still, 

aptitude in SLA has enjoyed a long history of research with periodic breakthroughs in theory and 

instrumentation. A critical review of theoretical definitions, its associated properties, and 

construct operationalizations are discussed in the following sections. In addition, a review of 

unexplored potentials and areas not covered by previous aptitude research are discussed.  

 

2.1.1 Definitions of Aptitude 

Foreign language (FL) aptitude is defined as a special talent specific for learning a second 

language that exhibits variations among learners (Dörnyei & Skehan, 2003). John Carroll, one of 

the earliest and most influential FL aptitude researchers, defines it as “an individual's initial state 

of readiness and capacity for learning a foreign language, and probable facility in doing so [given 

the presence of motivation and opportunity]” (Carroll, 1981, p.86). It is recognized as a cognitive 

feature of the human brain as opposed to affective (e.g., personality) or conative (e.g., 
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motivation) (Li, 2015; Li, 2016; Skehan, 1998). And according to Skehen (1991), language 

aptitude implies four conditions that enable prediction of success: 

1. There is a talent for learning languages that is independent of intelligence. 

2. The talent is not simply the result of previous learning experience.  

3. It is relatively stable.  

4. It varies between people.  

Condition one is discussed in the section regarding validation, and conditions two and three are 

more or less identical statements as they pertain to the issue of mutability. The question of 

mutability is an important topic, and it is given full attention later in the review (section 2.1.5). 

Validity of statement four, and hence the source of variability in aptitude, in the broadest 

neurobiological terms, is based on both genetics and epigenetics. Aptitude varies between people 

because every person’s cognitive makeup is different and no two brains are alike due to 

individual differences in their DNA and the environment (Schumann et al., 2004). Variability in 

aptitude among individuals is manifested as differentiated learning outcomes, and those who 

have higher measures of aptitude are predicted to reach higher levels of proficiency in the 

foreign language classroom. In addition, gifted learners with high aptitude not only achieve 

more, they do so at a faster rate in the same fashion as one would imagine a musically talented or 

athletically gifted individuals to outperform their peers (Carroll, 1990; Stansfield, 1989). This is 

perhaps the most familiar and the most general sense in which aptitude is defined by its 

predictive property that points to a universal outcome of success. Though the terms aptitude and 

talent are used rather interchangeably in literature, some researchers, however, define linguistic 

talent to be different from aptitude. The former is predicated on obtaining an exceptional level of 

competency while the latter is based on any level of success in the classroom. As stated by 
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Schneiderman and Desmarais (1988), linguistic talent is a rare ability that achieves native-like 

competence after puberty, a feat realized by a minority of foreign language learners, which could 

be as low as 5% of all adult learners (Selinker, 1972). According to Schneiderman and 

Desmarais, (1988) aptitude is defined by the criteria of L2 success in the classroom, whereas 

talent should be defined by the criteria of native-likeness. This distinction is not commonly 

shared by other ID researchers who view aptitude as an umbrella term to account for differential 

learning outcomes that are both norm-referenced as well as criterion-referenced. In past 

empirical studies, aptitude tests have been used to measure L2 native-likeness (e.g. Abrahamsson 

& Hyltenstam, 2008) and success in the classroom (Carroll, 1990). The notion of aptitude has 

evolved over the years to explain a wide spectrum of L2 success ranging from rare cases of 

native level attainment to more mundane cases of success8 in the language classroom.  

Another noteworthy contrast in terminology is between ability and aptitude. In 

psychological assessment, “ability is a person’s current power to perform a task. Aptitude9, on 

the other hand, is defined as one’s potential to perform a task given maximum training and 

opportunity” (Hale, 1987 p.41). In language acquisition context, Carroll’s distinction of two 

terms is not as straightforward. He defines ability as “possible variations over individuals in the 

liminal levels of task difficulty at which, on any given occasion in which all conditions appear 

favorable, individuals perform successfully on a defined class of tasks” (Carroll, 1993, p.8). 

According to Carroll, ability is a task-dependent trait that exhibits a degree of stability over a 

long period of time. Ability can be measured with multiple tasks that tap into the same construct 

by aggregating the sum (or a weighted sum) of those task measures. If an ability is 

 
8 Success in the classroom is gauged by mostly formal assessments such as grades and various proficiency test 

scores (Li, 2015).  
9 Hale’s (1987) distinction between ability vs. aptitude may be more meaningful than Carroll’s (1993) regarding the 

mutability of aptitude. This point is discussed later in the review.  
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operationalized to predict certain kinds of future learning success, it is called aptitude (Carroll, 

1993). In essence, the meaning of aptitude and ability in this regard are identical and they only 

differ on the context in which they are used (Wen et al., 2017). Unfortunately, in ID literature, 

definitions of aptitude are subject to semantic tautology when expressions like “aptitude is a 

special talent, set of skills, an ability… etc.”, abound, and Dörnyei (2005) admits that though 

distinctions exist according to some researchers, terms like aptitude, talent, abilities and skills are 

used interchangeably with similar meanings. In ID studies, aptitude has become an umbrella 

term due to its all-encompassing predictive nature of general learning outcome. And whether one 

refers to it as FL aptitude, linguistic talent, or language learning ability, these terms have become 

loosely interchangeable for the latent factor of the human mind that is implicated in various 

measures and degrees of language learning success.    

To recap the discussion so far, the definitions of aptitude provided in the literature have 

been mostly observational postulations (stable trait that varies between people) providing 

minimal conditions for identification (predictor of L2 success). According to Skehen (1991), it is 

a domain-specific, latent trait that is responsible for L2 attainment. Carroll’s (1981) definition 

adds the prerequisite conditions of motivation and opportunity in order for aptitude to flourish, 

while Hale (1987) argues that measure of aptitude should apply under maximum training and 

opportunity. Although aptitude predicts L2 learning success by definition, the two are not 

isomorphic as one does not necessitate the other (Li, 2015; Li, 2016; Stansfield, 1989). When an 

individual is successful in learning a foreign language, there are multiple factors that contribute 

to it, and aptitude alone does not account for all the variance in learning outcomes (Reschly & 

Robinson-Zanartu, 2000).  
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2.1.2 Construct Validation of Aptitude  

Establishing the construct validity – that aptitude actually exists and is measurable – 

started with establishing language aptitude apart from general intelligence (Carroll & Sapon, 

2002; Dornyei, 2005; Li, 2015; Li, 2016). The history of aptitude research began with the 

discovery in the early1920s that measures of intelligence were poor indicators of language 

learning success (Lutz, 1967). When early measures for general intelligence did not correlate 

strongly with foreign language success, it naturally led to the hypothesis that language learning 

required a specific talent and it is thus domain-specific (Ganschow & Sparks, 2001). There was 

ample empirical evidence that followed to support this claim. In 1965, a study of 96 high school 

students by Gardner and Lambert demonstrated that measures of intelligence did not correlate 

with language aptitude and L2 achievement. A study by Fahim and Pishghadam (2007) also 

reported a low-level correlation between IQ and L2 achievement. Case studies have also shown 

that learners with high IQ can have low foreign language learning skills (Ganschow & Sparks, 

2001) and learners of low IQ can have high language learning skills (Fahim & Pishghadam, 

2007). One of the largest sample size studies done on the underlying relationship between 

intelligence and language aptitude was conducted by Wesche et al., (1982). Correlations and 

factor analysis of Modern Language Aptitude Test (MLAT) and Primary Mental Abilities Test 

(PMA) on 793 participants revealed substantial redundancy among the subtests of two measures. 

Findings of the study suggested that general intelligence is a higher order construct that 

subsumes specific abilities pertinent to language learning success. (Wesche et al., 1982). Similar 

findings were reported by Sasaki (1996) who collected data on 160 EFL students in Japan using 

various measures of language proficiency and aptitude. The study concluded that general factor 

of second language proficiency is distinct from, but correlated with a general factor of cognitive 
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abilities. FL aptitude was a significantly better predictor of language learning success than 

general intelligence. In one estimate, intelligence only accounted for 10% of variations in 

success while aptitude accounted for 25% (Dörnyei, 2005).  

What makes aptitude different from intelligence is the set of cognitive abilities that are 

specific for language learning. The search for the set of abilities that best predict L2 success has 

been the primary subject of debate given to much theorizing and controversy in FL aptitude 

research, and the number of different models addressing this issue is as many as the number of 

measures that have been developed (see section 2.1.4). Nevertheless, a meta-analysis by Li in 

2016 was able to demonstrate some commonality in validity claims of aptitude through an 

analysis of studies accumulated over the past five decades. His findings showed that aptitude is 

distinct from motivation; has a negative correlation with anxiety; has a stronger association with 

executive working memory than phonological short-term memory; and overlaps with general 

intelligence in the area of analytic abilities but distinguishable from language aptitude (Li, 2016).   

 

2.1.3 Aptitude and Achievement   

The primary way in which aptitude is validated is by correlating aptitude with learning 

outcomes. Predictive validity claims that correlate L2 success with aptitude have shown a modest 

to strong relationships. As early as the 1930s, high correlation of .71 was reported between 

achievement test scores and language prognosis test scores based on a sample of 253 students 

(Symonds, 1930). Beginning in the late 1950s and into the 60s, interests in aptitude spread from 

educational institutions to government agencies such as the Defense Language Institute (DLI), 

Foreign Service Institute (FSI) and the Central Intelligence Agency (CIA) for reasons related to 

geopolitical and global implications. This opened opportunities for large sample size projects 
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owing access to military and government personnel, which often confirmed the primacy of 

aptitude as the leading predictor of L2 success and gave birth to modern aptitude battery tests 

such as the MLAT (see Carroll, 1962 for detailed description of this process) and the DLAB 

(Defense Language Aptitude Battery). In a similar study of this kind, Ehrman (1994) from FSI 

examined biographical, motivational, attitudinal, and cognitive aptitude variables in a sample of 

1,000 adult students preparing for overseas assignment at FSI. The analysis of data confirmed 

that aptitude (as measured by MLAT) proved to be the best available predictor of language 

learning success over learning styles, biographical information, and personality variables 

(Ehrman, 1994; Ehrman & Oxford. 1995).  

A meta-analytic review of aptitude by Li (2015) also concluded that there was a moderate 

but robust association between aptitude and L2 grammar, r = .31(Li, 2015). In another meta-

analysis by the same author, the construct validity of language aptitude was examined and a 

stronger correlation was found between aptitude and L2 achievement, r = .49 (Li, 2016). And in 

a study by Doughty (2018), 1,876 U.S. Department of State employees were given MLAT and 

Hi-LAB aptitude tests. The study concluded that the two aptitude test scores were good 

predictors of general professional proficiency and limited working proficiency of the target 

language. In sum, research has shown consistently that L2 aptitude is the single best predictor of 

L2 achievement beating out all other ID variables (Gardner & MacIntyre, 1992; Ganschow & 

Sparks, 2001).  

 

2.1.4 Measuring Aptitude   

The main focus of L2 aptitude research in the past 50 years has been devoted to two 

agenda: identifying the set of abilities that best predict learning outcome and validating the 
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instruments designed to measure those abilities. There are, however, differences among aptitude 

scholars regarding which set of cognitive abilities constitute language aptitude. Accordingly, 

aptitude tests differ based on their own unique selection and operationalization of those aptitude 

components. To put this in perspective, it is necessary to briefly compare the prominent aptitude 

tests and their componential constructs in history.  

Most scholars consider Carroll and Sapon’s Modern Language Aptitude Test (MLAT) as 

the beginning of the modern era of L2 aptitude research and the gold standard with which other 

measures are judged. First published in 1959, the MLAT ushered in what has been called the 

‘golden age’ of scientific language aptitude testing (Dörnyei, 2005). There are four component 

abilities that define aptitude under the MLAT: 1) phonetic coding ability, operationalized as the 

ability to perceive and memorize new sounds 2) grammatical sensitivity, operationalized as the 

ability to identify the grammatical regularities of a language, 3) inductive learning ability, 

operationalized as the ability to infer and induce language rules from a given sample, and 4) rote 

learning ability, operationalized as the ability to learn and retain associations between foreign 

sounds and meaning.  

Paul Pimsleur, best known for Pimsleur method of language learning, developed the 

Pimsleur Language Aptitude Battery (PLAB) with a greater emphasis on prognostication of 

success than perhaps all other aptitude tests. PLAB’s conceptualization of aptitude included not 

just cognitive abilities, but also interest in FL, motivation, and grade point average. A common 

complaint against MLAT was that it did not include any measure of motivation for learning a 

foreign language, which was considered a powerful factor that could compensate for low 

aptitude. Grad point average (GPA) was also included because the outlook of success was often 

tied to past accomplishments in a similar environment. In the actual PLAB test, the cognitive 
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abilities considered were vocabulary, language analysis, sound discrimination, and sound-symbol 

association. PLAB differs from MLAT in addressing the ability to infer language structure from 

artificial language stimuli, based on the idea that aptitude in context would differ from one in 

isolation (PLAB, 2014). 

In general, the primary use of aptitude tests was to select candidates best qualified for 

foreign language programs. In order to select the best, aptitude tests needed to allow 

differentiation among high-achievers, and avoid producing the “ceiling effect” in which a large 

proportion of subjects have the highest possible score on the observed variable. To this end, 

Defense Language Aptitude Battery (DLAB) was developed to select high-aptitude applicants 

for selection into the military linguist training program. The test required candidates to 1) deduce 

appropriate language forms from language input paired with pictures; 2) identify and 

discriminate language sounds; 3) make associations between sounds and symbols; and 4) apply 

grammatical rules to a translation task (Petersen & Al-Haik, 1976).  

LLAMA (Meara, 2005) was developed as part of a research training program at the 

University of Wales Swansea. It was based on the components of Carroll and Sapon’s MLAT, 

and compared to MLAT, LLAMA was designed to be shorter, and more language-neutral with 

easier technological interface. It is a free aptitude test that is available to researchers and its 

popularity has been increasing in recent years due to its accessibility with over 700 citations on 

Google scholar since 2013 (Rogers et al., 2017). The LLAMA test consists of four components 

of vocabulary acquisition, sound recognition, sound-symbol correspondence and grammatical 

inferencing. These four components are assessed by four sub-tests that makeup the LLAMA: 

LLAMA_B (vocabulary), LLAMA_D (sound-recognition), LLAMA_E (sound-symbol 

correspondence) and LLAMA_F (grammatical inferencing). 
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Grigorenko, Sternberg and Ehrman’s (2000) Cognitive Ability for Novelty in Acquisition 

in Language – Foreign (CANAL-F) was an innovative attempt to reconceptualize aptitude as an 

ability to manage novelty and ambiguity. The test’s theoretical ground was based on Robert 

Sternberg’s triarchic theory of human intelligence, which distinguishes intelligence as three 

aspects of analytical, creative and practical skills (Sternberg, 1984). When applied to FL learning 

situations, Grigorenko et al., (2000) argued for five knowledge acquisition processes as selective 

encoding, accidental encoding, selective comparison, selective transfer, and selective 

combination. In CANAL-F, participants are expected to learn an artificial language called 

Ursulu. Ursulu is presented incrementally to the participants starting with the basics and 

gradually moving to more advanced aspects of the language. By the end of the test, the 

examinees are evaluated on their ability to comprehend a simple story in Ursulu through 

culminative gains made during the process. The test consists of nine sections, five of which 

require immediate recall, and four sections involving delayed recall (Grigorenko et al., 2000). 

High-level Language Aptitude Battery (Hi-LAB) is perhaps one of the most ambitious 

aptitude tests to date. It was designed to identify those who could achieve near-native proficiency 

in second language. Hi-LAB was developed based on the premise that high level aptitude is 

comprised of domain-general cognitive abilities and auditory perceptual acuity (Linck et al., 

2013). The test consisted of 11 measures of executive functioning, memory, and phonemic 

awareness. Table 2 below summarizes the constructs and operationalizations of the most 

prominent aptitude tests reviewed thus far.  

Table 2: Aptitude Test Constructs and Operationalization 

 

Test Name Aptitude Constructs Construct operationalization 
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MLAT 1) Phonetic coding ability 

2) Grammar sensitivity  

3) Rote learning ability 

4) Inductive learning ability 

1) Number learning 

2) Phonetic script test 

3) Spelling cue test 

4) Words in sentence 

5) Paired association  

PLAB 1) Language analytic ability 

2) Auditory ability 

3) Motivation/attitude  

1) Interest in FL 

2) GPA (meant to reflect motivation) 

3) Questionnaires on motivation 

4) Vocabulary 

5) Language analysis  

6) Sound discrimination 

7) Sound-symbol association 

DLAB 1) Auditory ability  

2) Language analytic ability 

3) Rote learning 

ability/vocabulary  

 

1) Audio - 

recognize stress pattern, language rule 

recognition  

2) Visual - word 

and grammar recognition  

LLAMA Same as MLAT 1) Vocabulary learning 

2) Grammatical inferencing 

3) Sound-symbol association  

4) Phonetic memory  

CANAL-F Ability to cope with novelty 

and ambiguity  

 

1) Learning meanings of words from 

context 

2) Understand passages 

3) Paired-association  

4) Sentential inference 

5) Learning language rules  

Hi-LAB 1) Working memory 

2) Phonological short-term 

memory  

3) Associative memory  

4) Long-term memory 

Retrieval  

5) Implicit learning 

6) Processing Speed 

7) Auditory perceptual acuity  

1) Running memory span 

2) Antisaccade 

3) Stroop test 

4) Task switching numbers 

5) Letter span 

6) Non-word span 

7) Paired associates 

8) Long term memory  

9) Serial reaction time 

10) Phonemic discrimination  

11) Phonemic categorization  

Note. Retrieved from (MLAT, 2014; PLAB, 2014; Petersen & Al-Haik, 1976; Meara, 2005; 

Grigorenko et al., 2000; Linck et al., 2013).     

 

In general, aptitude tests can be classified as one of two (or both) approaches: the 

analytical approach and the synthetic approach. The analytical approach is construct-oriented and 
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items are designed to tap specific cognitive abilities such as memory, aural ability, analytic 

ability, or some other aspect of linguistic intelligence that are hypothesized to be instrumental to 

FL acquisition (for example, MLAT and Hi-LAB). On the other hand, the synthetic approach 

aims for ecological validity by presenting test takers with a mini-lesson in an artificial or foreign 

language followed by testing their mastery of the language presented (for example LLAMA and 

CANAL-F). (Spolsky, 1995). 

Despite the differences in the constructs measured and their operationalization, the 

aforementioned aptitude tests all share components of auditory ability, language/grammatical 

inference ability, inductive reasoning, and memory ability as the core subskills that make up 

language aptitude. However, one operational feature of aptitude tests that limits their predictive 

utility is that most instruments are restricted to measuring accuracy of responses without 

considering how quickly learners are able to arrive at those answers. The drawback to this type 

of design is that the processing speed of the test-taker is ignored. And because most aptitude tests 

are not timed (only Hi-LAB explicitly measures processing speed, see Table 2), test-takers are 

given as much time as they need to answer each item, and whether one test-taker takes twice as 

long as another contributes little to no measure of distinction between them (Grigorenko et al., 

2000; Linck et al., 2013; Meara, 2005; MLAT, 2014; Petersen & Al-Haik, 1976; PLAB, 2014). 

From a theoretical standpoint, this is no small oversight. The very definition of aptitude 

acknowledges the rate of learning as a key variable in learning outcomes (Carroll, 1990; 

Stansfield, 1989). The construct of individual differences is likewise defined as characteristics 

that have the potential to influence “how quickly they learn” (VanPatten & Benati, 2010, p.94). 

What is being overlooked is the real-time processing of L2 input as a key component of one’s 

ability to learn a second language relative to others (Gass, 1997; VanPatten, 1996).   
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2.1.5 Aptitude as a Trait  

One of the key claims made about the nature of language aptitude is that it is relatively 

stable, an innate endowment that is fixed early in life (Skehan, 1991, 1998). The view of aptitude 

as a heritable trait posits that one’s potential for success in learning a second language is not 

subject to change as a result of learning experience but remains constant throughout one’s life 

(Skehan, 1991, 1998). There are, however, detractors to this position stemming from increased 

recognition of working memory (WM) as an important component of aptitude (e.g, Wen & 

Skehan, 2011). Some scholars have argued that WM is amenable to training, which in turn could 

imply that aptitude may be trainable as well through pedagogical intervention (Shipstead, 2012; 

Singleton, 2017). Indeed, one source of variation in individual’s cognitive makeup is due to their 

interaction with the environment which strengthens and subsumes neural connectivity based on 

repeated cognitive experience (Biedroń, 2015). That said, the assumption that FL aptitude is a 

stable trait established early in life has greater neurobiological support than the argument that it 

is experience-based. According to brain development studies, there are two main reasons why 

human brains have overall similar anatomical construction but differ at the microstructural level. 

First reason according to Schumann et al. (2004) is that genes10 are the most significant 

contributor to the development of cognitive abilities such as language aptitude. Brain imaging 

studies have shown that expert phoneticians who are trained to analyze and transcribe speech 

were found to have multiple split gray matters present from birth in the auditory cortex that were 

responsible for their ability to analyze and discern speech patterns (Golestani et al., 2011). 

Second, next to genetics, the chemical/hormonal environment during the embryonic stage of 

 
10 Parental genes account for about 50% of correlations among siblings and higher for monozygotic twins 

(Schumann, 2004), which speaks to the dominant role of genes in brain development.  
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human development has been shown to shape individual’s language aptitude before birth. One 

study reported that an increased level of fetal testosterone can lead to better language 

performance and may influence processing and lateralization of language function in infants 

(Hollier et al., 2013). The two factors mentioned are controlled by the phenotypical expression of 

genes rather than by the induced effects of the environment occurring after birth.  

In L2 aptitude research, direct empirical evidence to support either claim – that aptitude 

remains constant or that it is trainable through language learning experience – has been scant, 

and it remains as an open empirical question in the field (Li, 2016). Li (2016) suggests that one 

way to test the hypothesis that aptitude can be improved is to use a combination of between and 

within-group difference study in which the same learners are tested before and after being 

exposed to foreign language learning experience. It is plausible that pre-test and post-test of 

aptitude measures before and after an extended language experience can lead to changes in their 

aptitude score. Still, the problem with such design is that even if aptitude tests show significant 

improvement after the treatment, it is debatable whether improvements in score is interpretable 

to mean actual changes in one’s aptitude (Haier, 2014). The validity of claims that changes in 

aptitude is possible after an intervention is questionable because aptitude scores are not measured 

in interval or ratio scales (e.g., inches or kilograms). Thus, aptitude test scores have no intrinsic 

meaning on their own. Haier (2014) states that aptitude scores are inherently ordinal and the 

outcome is only interpretable as one’s relative standing compared to others. The numeric 

difference in pre-test to post-test cannot be used to deduce improvement in one’s aptitude 

because the test scores are interpretable as inter-individual variance relative to each other (Haier, 

2014).  
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Granted, whether aptitude is fixed or trainable is not a position of mutual exclusivity, 

since aptitude may have elements that are both fixed and trainable. Nevertheless, for 

clarification, it is also worth repeating Hale’s (1987, p.41) definition of aptitude as “one’s 

potential to perform a task given maximum training and opportunity.” Based on this definition, 

aptitude is understood as one’s maximal potential under idealized conditions of learning. The 

true score is a measure of individual’s relative standing after they had reached their ultimate 

attainment under the idealized condition of maximal potential realization. This view highlights 

the fact that there are still limits to aptitude training because individuals with different aptitude 

levels undergoing identical maximal training will display differentiated ultimate attainment 

according to one’s own maximal capacity (Doughty, 2018).  

 

2.1.6 Aptitude and Grammatical Knowledge   

Broadly speaking, that language aptitude is an important predictor of L2 ultimate 

attainment has been well established, especially in the area of morphosyntax. In ID research, the 

relationship between grammar and aptitude has been arguably the most researched component of 

learner’s ultimate attainment with consistent outcome of strong predictability (Li, 2015 & 2016). 

For example, Bylund, Abrahamsson, and Hyltenstam (2010) showed that language aptitude was 

a reliable predictor of grammatical judgment test (GJT) score that resulted in significant and 

positive correlation between the participants’ aptitude scores and their performance on GJT. 

Skehan’s (2015) critical overview on the relationship between grammar and aptitude has also 

shown that there is a close proximity between the measure of grammatical sensitivity and the 

examinee’s intuition for metalinguistic awareness. This in turn had a positive relationship with 

higher L2 performance in general. Furthermore, a close examination of several grammatical 
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focal structures (nominative-accusative case, clitic pronouns, direct object pronoun pseudo-cleft 

construction, S-V inversion, simple-complex morphosyntax) had shown that aptitude effects 

were stronger for features that displayed saliency and redundancy. Citing de Graaff’s (1997) 

large-scale study on aptitude and grammar, Skehan (2015) postulated that aptitude works 

exceptionally well for salient and redundant elements in the input. This is because aptitude 

facilitates awareness and sensitivity towards TL grammar as a precursor to explicit processing 

and grammatical inferencing (Skehan, 2015).   

If aptitude can have differential effects on L2 grammar learning based on features of 

redundancy and saliency, it implies that the degree of explicitness in grammar instruction may be 

able to moderate the effect of aptitude on learning outcomes. In fact, a modest yet positive 

correlation between explicit feedback and aptitude has been reported to support to this 

connection (Sheen, 2007). In addition, high aptitude (specifically language analytic abilities) 

learners benefited most from explicit feedback such as metalinguistic feedback compared to 

implicit alternatives (Sheen, 2007; Yilmaz & Granena, 2016). A meta-analysis by Li (2015) 

considered 33 studies that reported correlations between language aptitude and L2 grammar 

acquisition. After examining 309 effect sizes and 3,106 L2 learners, a moderate correlation 

between aptitude and L2 grammar learning (r=.31, 95% CI = .25 – .36) was revealed. In the 

same study, moderator analysis showed that aptitude correlated higher with explicit treatments 

than implicit treatments, but aptitude was only predicative in the initial stages of L2 grammar 

acquisition and less so during the latter stages of learning. Based on these findings, aptitude was 

assumed to be associated with explicit learning conditions for low proficiency learners. In a 

different but related study, Yalcin and Spada (2016) examined the role of aptitude in the 

acquisition of English structures that were labeled as either relatively easy or difficult. Sixty-six 
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EFL learners whose L1 was Spanish received instruction on the passive voice construction 

(difficult) and the past progressive (easy) construction. Aptitude was measured by the LLAMA 

test and the outcome of instruction was measured by a grammaticality judgment test and oral 

production tasks. Their findings showed that the grammatical inferencing component of aptitude 

contributed to positive outcome for the passive voice construction but not for the past 

progressive form. What did contribute to the learner’s gain on the past progressive was 

associative memory. The study by Yalcin and Spada (2016) supported the view held by aptitude 

researchers such as Skehan (2015) that components of aptitude operate differently on dissimilar 

linguistic features. Relatedly, different components of aptitude may be involved at different 

stages of SLA based on the idea that aptitude is more sensitive to explicit features of grammars 

during the beginning stages of L2 acquisition (Li, 2015; Skehan, 1991).  

 

2.1.7 Key Insights and Shortcomings  

Without question, one of the most important and fundamental characteristics of language 

aptitude is its ability to predict successful learning outcomes. This relationship is considered the 

first principle of aptitude by definition, and one which has been validated through empirical 

research. As the review of past studies has shown, however, the relationship between aptitude 

and achievement has not been explored beyond the assumption of linearity under correlational 

analysis (see sections 2.1.2 and 2.1.3). There are two possible reasons for the recurrence of 

correlational analyses whenever aptitude is related to L2 success. First, validations of aptitude 

measures and their constructs only need to demonstrate a positive correlation between the 

operationalizations of constructs (aptitude test scores), and measures of learning outcome 

(proficiency tests scores or grades). It is sufficient to show that aptitude has a positive association 
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with achievement in order to establish criterion or predictive validity (see sections 2.1.2, 2.1.4, 

and 2.1.6). Second, there is no theoretical basis to investigate nonlinear relationships between 

aptitude and achievement. Consequently, the tactic assumption of linearity has treated aptitude’s 

efficacy on learning outcome as being homogenous throughout L2 development (section 2.1.5). 

Specifically, the underlying assumption of linearity suggests, inter alia, two views on 

aptitude. The first view assumes a constant rate of change throughout the learning process; i.e., 

aptitude is stable and it does not change. The second assumption is that the effect of aptitude on 

learning is constant and does not change. These two assumptions ignore a third possibility that 

while aptitude does not change (the first assumption), its effect does (violation of the second 

assumption): simply put, the effect of aptitude is nonlinear. Regarding the differential effect of 

aptitude, Li (2015) argues that explicit learning ability may be more relevant during the early 

stages of learning for certain types of salient linguistic features while implicit abilities are more 

important during the latter stages of acquisition for non-salient features of TL. What is left 

unexplored in existing research is an alternative explanation. Regardless of whether explicit or 

implicit aptitude is implicated, all effects of aptitude are eventually subject to attenuation, 

meaning that the effect of aptitude is nonlinear and has a limit (Ninio, 2006). This possibility is 

explored in depth when ECT-L2A is introduced in section 2.4.  

To recapitulate, what is missing in aptitude research is a challenge to the longstanding 

tactic assumption that aptitude’s efficacy towards learning outcome stays constant. Nonlinear 

models and asymptotic relationships have not been considered, and the dynamicity of aptitude in 

time (differential effects among proficiencies) needs a theory-oriented approach based on a fresh 

new perspective.  
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2.2 Motivation to Learn a Second Language  

 All cognitively normal adults have some measure of aptitude for learning a second 

language, but the same cannot be said of motivation. Consequently, monolingualism persists for 

those who are not motivated to learn another language once their native tongue has been 

mastered. Learning a second language demands a high level of motivation from the learner 

because the process of becoming proficient in another language requires a great deal of time, 

commitment, and resources. Understanding what motivates L2 learners and how it relates to 

success have long been a topic of interest for SLA scholars and practitioners. In the subsequent 

sections, different theories of L2 motivation, how they are defined, how they are measured, and 

their relationship to achievement are examined in depth.  

 

2.2.1 Defining Motivation  

Motivation to learn a second language has been widely acknowledged by researchers and 

language instructors alike as a key factor in the overall success of second language acquisition 

(Gardner, 2000; Skehan, 1989; Skehan, 1991). Not only does motivation provide the impetus to 

initiate learning, it also provides the drive to sustain the pursuit (Dörnyei et al., 2016). In fact, the 

process of L2 learning presupposes motivation as an initial condition in adult learners (Ushioda, 

2016). Corder once stated that “given motivation, it is inevitable that a human being will learn a 

second language if he is exposed to the language data”, suggesting that motivation is a sufficient 

condition for L2 acquisition in the presence of input for cognitively normal adults (Corder, 1967, 

p.164). It is worth noting that Corder’s statement does not indicate how successful the learning 

outcome will be nor its ultimate attainment, but only that some learning is guaranteed to take 

place when willing learners are exposed to linguistic input. In ID research, similar to aptitude, 
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motivation’s importance is related to its utility as a strong predictor of second language 

acquisition success. This is because motivation is often associated with intended effort that 

learners expend at various stages in their L2 development – assuming effort leads to achievement 

(Dörnyei et al., 2016; Gardner, 2000). In short, motivation causes intended effort, which leads to 

better results. Generally speaking, motivation is an internal state or condition that activates and 

provides energy towards specific goal-oriented behavior (Huitt, 2011). More specifically, L2 

motivation is conceived as possessing the following four components: 1) significant goal or 

need; 2) desire to attain the goal; 3) perception that learning the TL is relevant to fulfilling the 

goal or meeting the need; 4) belief in the likely success of learning the TL; 5) value of potential 

outcomes/rewards (Saville-Troike, 2006, p.91). Likewise, Gardner (1985) defines motivation as 

the summation of intended effort with desire to achieve the L2 goal and the attitude towards the 

target language. According to this definition, L2 motivation is a goal-directed behavior with four 

key components: 1) goal, 2) desire to achieve the goal 3) positive attitude and 4) effort.  

A common thread in Gardner (1985), Huitt (2011), and Saville-Troike’s (2006) definition 

is that there are three major components that subsume motivation: activation, persistence, and 

intensity. Activation is the decision to initiate learning behavior (the initial impetus for learning) 

such as enrolling in an ESL class. Persistence is the long-term continued effort toward a learning 

goal in the face of adversity and obstacles. This aspect of motivation has been popularized by the 

notion of “grit” in which individuals with greater self-discipline correlate higher with academic 

achievement (Duckworth et al., 2007). Thirdly, intensity is the learner’s focus and vigor that 

drive the pursuit of target language mastery (Hockenbury & Hockenbury, 2010). The three major 

components can be metaphorically described as a source of energy that fuels the learning 

process. For instance, a static position requires energy to get it started (activation), and once it 
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gets going, the learner requires a continued source of energy to maintain the pursuit (persistence) 

with greater energy expended equating to greater motivational intensity.  

 

2.2.2 L2 Motivation Theories  

One of the earliest and most influential models of motivation in the area of L2 acquisition 

research is Gardner’s social-educational model. In the 1950s, Gardner and Lambert’s research on 

Canadian English speakers learning French as a second language revealed an association 

between attitude towards the target language community, attitude towards the learning situation 

and L2 proficiency (Gardner & Lambert, 1959). Their findings led to the conclusion that learning 

a second language was strongly related to learners’ positive attitude towards those who spoke the 

target language. Then in 1985, Gardner introduced the concept of integrative motivation, defined 

as one’s willingness or desire to be like a representative member of the target language 

community. The level of integrative motivation in L2 learners reflect their desire to be part of the 

valued community and be affiliated with the speakers of the target language. In addition, the 

model also introduced instrumental motivation which was characterized by a desire to gain either 

social or economic advantages through acquiring the target language (TL). Instrumental 

motivation was often related to financial incentives, promotion, career advancement, job 

opportunities, and educational goals (Gardner, 1985).   

One criticism levied against Gardner’s model was the claim that integrative motivation 

did not fully account for all foreign language instruction scenarios, especially in the EFL 

contexts where the target language community does not exist outside the classroom. Crookes and 

Schmidt (1991) proposed that instead of focusing on learners’ attitude towards the target 

community or its culture, identifying motivational factors within the learning environment in 
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closer proximity to the students (especially for EFL learners) had more ecological validity and 

predictive value to learning outcomes (Crookes & Schmidt, 1991). In light of such criticisms, 

other L2 motivation scholars began to incorporate the learner’s immediate learning environment 

into their L2 motivation framework. Dörnyei (1994), for example, categorized L2 motivation as 

three levels of the language, the L2 learner, and the learning situation (see Table 3).  

Table 3: Components of Foreign Language Motivation 

 

Motivation Level Motivation Component 

Language level Integrative Motivational Subsystem 

Instrumental Motivational Subsystem 

Learner level Need for Achievement 

Self-Confidence 

• Language use anxiety 

• Perceived L2 Competence 

• Causal attribution 

• Self-Efficacy 

Learning Situation Level Course-specific Motivational Components 

• Interest, relevance, expectancy, satisfaction 

Teacher-specific Motivational Components 

• Affiliative motive, authority type 

• Direct socialization of motivation 

o Modeling, task presentation, feedback 

Group-specific Motivational Components 

Goal orientation, norm and reward system, group cohesion, 

classroom goal structure 

 (Dörnyei, 1994, p.280) 

In Dörnyei’s model, there are learner-internal and learner-external factors that contribute 

to motivation. Learner external factors operate at the environmental level while learner internal 

factors originate from learners’ self-perceptions about L2 learning. This was later modified as 

thirteen L2 motivation constructs grouped under 7 main motivational dimensions (Dörnyei, 

(1996). The 7 dimensions are (1) affective/integrative dimension; (2) instrumental/pragmatic 

dimension; (3) macro-context-related dimension; (4) self-concept-related dimensions; (5) goal-

related dimension; (6) educational context-related dimension; and (7) significant others-related 
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dimension. Other similar approaches include Williams and Burden’s (1997) framework of 

motivation in which language learning is divided into two branches of internal factors and 

external factors. Internal factors include intrinsic interest of activity, perceived value of activity, 

sense of agency, mastery, self-concept, attitude towards L2 learning, affective states, age, and 

gender. External factors include interactions with others, the learning environment, and the 

broader context of family, culture, and society (Williams & Burden, 1997). What is common in 

all these models is the notion that environment plays a large role in determining one’s ultimate 

motive towards the target language. Thus, motivation is not viewed as simply a manifestation of 

the learner’s internal drive in vacuum but a product of environmental influences on the learner.  

Following Gardner and Lambert’s social-educational theory on motivation, a theory that 

has had lasting influence on educational psychology during the 1990s is Deci and Ryan’s self-

determination theory (Deci & Ryan, 1985; You & Dörnyei, 2016). Self-determination theory is 

perhaps most famous for introducing the concepts of intrinsic motivation and extrinsic 

motivation in educational psychology (Noels et al., 2000). Intrinsic motivation is the motivation 

for engaging in an activity for the joy and satisfaction of the activity itself, while extrinsic 

motivation is engaging in an activity for the results and consequences it brings. Intrinsic 

motivation originates from the learner within but extrinsic motivation comes from the learner’s 

external circumstances. Extrinsic motivation is further divided into two types: extrinsic-

promotion, which is the pursuit of success or reward and extrinsic-prevention, which is 

motivation driven by fear of failure or embarrassment (Kozaki & Ross, 2011). It is important to 

note that intrinsic and extrinsic motivation like all other motivation types previously discussed, 

are not mutually exclusive concepts; rather, they exist in a continuum. Learners’ motives do not 

operate under clear boundaries and having mixed motivations is a common phenomenon in 
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human behavior. Often learners are driven by both intrinsic and extrinsic reasons for pursing 

language studies (Deci & Ryan, 1985).  

Two other prominent motivation theories that emerged during this period focused on the 

importance of learning goals and choices. Goal-setting theory stated that human actions are 

driven by purpose and choice. Goals that are specific and challenging lead to higher performance 

and satisfaction, but goals that are vague and easy do not (Locke & Latham, 1990). In relation to 

long-term goals of language acquisition, the theory emphasized the importance of setting 

proximal sub-goals that have motivating functions. Marking and updating the learner’s progress, 

providing incentives and giving immediate feedback throughout the learning process were seen 

as motivating factors in the L2 classroom. On the other hand, goal orientation theory argued that 

students have a choice in pursing either mastery orientation or a performance orientation towards 

their L2 education. Mastery orientation encourages full internalization of the learning objectives 

or mastering the content, while performance orientation is more geared towards meeting 

performance goals such as high grades or obtaining certain scores on tests and exams (Dweck & 

Leggett, 1988).  

Unlike aptitude, motivation is perceived to be shaped by one’s past learning experiences 

and perceptions of future success. According to self-efficacy theory, learners’ belief in their 

ability to succeed influences their level of motivation. Both positive and negative L2 learning 

experiences can impact how they view their own ability to perform L2 learning tasks, which in 

turn moderates their level of motivation for the task. If learners have performed well in the past, 

they are more likely to feel confident and be motivated by their learning endeavors. When 

learners are not making progress relative to the amount of effort being put towards the learning 

object, demotivation sets in. Therefore, past learning outcomes influence learners’ perception of 
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how probable future success will be. And according to expectancy-value theory, motivation for a 

given behavior or action is determined by how probable the outcome is achieved through the 

behavior or action and the value of the desired outcome. If a successful learning outcome is 

highly probable and valuable to the learner, motivation will be high. Conversely, when the 

outcome is not expected to be successful and the outcome is not valuable to the learner, 

motivation wanes. Motivation is thus predicated on the expectancy of success, values attached to 

the objective, and self-assessment of one’s abilities to carry out the task (Bandura, 1982; Eccles 

& Wigfield, 2002; Weiner, 1986).  

Both self-efficacy theory and expectancy-value theory place importance on past L2 

learning experience and argue that whether L2 learners are highly motivated or not may hinge on 

how they have attributed their past success or failure. Those who attribute their past failures to 

uncontrollable variables such as low aptitude, instead of controllable ones like effort, will likely 

assign lower expectancy of success in future L2 learning situation. This is directly related to their 

linguistic self-confidence — a belief that the learner has the ability to produce desired results— 

and the level of anxiety one might have towards learning a new language (Dörnyei, 1998). In 

2011, Erler and Macaro investigated why students chose to discontinue learning French as a 

foreign language in the UK. Their study showed that learners’ perception of their own ability to 

decode in French, and their linguistic self-confidence to learn the target language contributed to 

the likelihood of continuing with foreign language studies. Students who struggled often blamed 

their inability to understand the inherent ‘strangeness’ of French. As failures and difficulties 

accumulated throughout the course, motivation dramatically decreased (Erler & Macaro, 2011). 

In L2 motivation theories, the socio-dynamic perspective and ideations about the 

learners’ own self-identities (a person’s own self-conception and roles) have also received a 
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significant amount of attention. Under the socio-dynamic perspective, motives for learning the 

TL is related to how learners view their identity through interactions with members within the L2 

speaking community at large. Regarding self-identities, Markus and Nurius’ (1986) possible-

selves theory stated that there are three possible-selves we often identify with: what we would 

like to become, what we could become, and what we are afraid of becoming. Relatedly, self-

discrepancy theory as it applies to SLA argued that the discrepancy between what one would like 

to become (a proficient L2 speaker) and one’s current state of identity (a non-speaker of TL) acts 

as a motivational springboard for learning the target language. In both possible-selves theory and 

self-discrepancy theory, the learners’ self-identities are formed through their interaction with the 

target language community mediated through the use of the target language.   

Based on Markus and Nurius’ (1986) possible-selves theory, and Higgins’ (1987) self-

discrepancy theory, Dörnyei proposed L2 Motivational Self System (L2MSS) for understanding 

motivation. There are three core components in Dörnyei’s theory. First is the ideal L2 self, a 

desirable future self-image of the L2 user the person would like to become. The second is the 

ought-to L2 self which is the expectations imposed by others (e.g., family or society) that bear 

little resemblance to one’s own ideal self. And the third is the L2 learning experience, the role 

played by the learner’s present learning situation, such as teachers, peers, and the curriculum. 

According to this system, the three components shape the learners’ perception of their identity, 

which operates in tandem with the influence of society and their immediate environment to 

trigger motivation (Dörnyei & Ushioda, 2009). A large-scale predictive validation study (N=360) 

examined the link between L2MSS and L2 achievement in reading and writing proficiency test. 

Analysis of results based on L2MSS questionnaires revealed that the three main components of 

ideal L2 self, ought-to L2 self, and the L2 learning experience unequivocally had power to 
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predict intended learning behavior. Interestingly, the study also found that higher intensity of 

intended learning behavior did not translate to actual achievement (Moskovsky et al., 2016). 

Though motivation was closely related to intentions to make effort towards learning, such 

intentions did not necessarily result in better outcomes.  

Given that there are multiple theories on motivation, it is important to recognize the 

common theme: motivation is highly subject to influences that are both learner internal and 

external. Gardner’s depiction of integrative and instrumental motivation is based on the learners’ 

communal status relative to the target language society and the learners’ needs spurred within 

that milieu. The same can be said about Dörnyei’s L2MSS in which one’s ideal-self, ought-to 

self, and the learning environment are the products of the learner’s interaction with society and 

its demands on the learner. Learner internal factors that influence motivation include one’s own 

expectation for success based on past experiences and the values attributed to learning outcome 

(goal orientation theory, self-efficacy theory, and expectancy-value theory).  

 

2.2.3 Dynamicity of Motivation  

One important feature of motivation that is different from language aptitude is that while 

aptitude is more trait-like than a state, motivation may be closer to a state than a trait. By 

definition, a state is a temporary way of being that is dependent on the situation but a trait is an 

enduring and stable pattern of behavior. Fluctuations in mood levels, for example, are temporary 

states that are typically reversible but changes to one’s trait are expected to be long-lasting and 

often irreversible (Steyer et al., 2015). As an illustration, even someone who is not consistently 

motivated to learn a language can still on an occasion display studious behavior and act 

motivated. This does not suggest that motivation is capricious and completely at the mercy of 
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one’s own day-to-day temperament or the environment. Instead, motivation should be viewed on 

a continuum of being trait-like on one end and being state-like on the other end. Motivation as a 

variable state implies situation-dependent manifestations that are subject to change as the 

environment changes while a trait-like definition of motivation indicates consistency of behavior 

in the long-term. According to some motivation scholars, if individual differences in motivation 

are observed under seemingly equal conditions, then differences may be attributed to their 

genetics (Heckhausen & Scheffer, 1991) and be considered trait-like. In one of the largest 

sample studies that featured 13,000 identical twins from six countries, Kovas et al. (2015) 

reported that genetic factors explained approximately 40% of variance in twin’s similarity in 

academic motivation (subject-specific enjoyment such as math, reading, and English). The 

same study also reported environmental influences from experiences such as peers, 

classmates, parents, teachers, and differences in twins’ own perceptions of those experiences. 

Overall, the results showed genetic contributions that ranged from 16% to 69% and non-shared 

environmental contributions that ranged from 31% to 75% in terms of variance explained (Kovas 

et al., 2015). The findings pointed to both genetic as well as environmental contributions in 

academic motivation, though it also concluded that genetic contribution may be more 

significant than environmental factors.  

In addition to relating motivation as a personality-trait, there is also an important 

dimension of its mutability through time. A study by Kruk (2016) showed that motivation 

changed not only from class to class but also from one lesson to the next within the same class 

for reasons that included the nature of the activity, topic of the lesson or even the use of the 

course book. At a more macroscopic level, one of the most common phenomena in L2 

motivation is the gradual decline in motivation as the course progresses through the academic 
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calendar. A study of Iranian learners of English on demotivation revealed that the major source 

of demotivation during their EFL course was their inability to keep up with the class 

requirements and the rate of curriculum progression (Yaghoubinejad et al, 2016). Similarly, a 

longitudinal study of first year German L2 students in UK revealed that although the students’ 

desire to become proficient in German increased, their effort to engage the language decreased 

over the course of the year. Their decrease in effort coincided with decrease in the level of 

intrinsic motivation and self-efficacy beliefs (Busse & Walter, 2013).  One of the key factors that 

cause motivation to decrease is the difficulty of the language learning task. Findings from studies 

of demotivation by Kikuchi (2015) identified experience of difficulty, followed by loss of 

interest and class environment as the best predictors of demotivation in adult English learners.   

Studies on demotivation factors in SLA and the role of motivating instruction in the 

classroom point to how learners’ motivation can change throughout the learning process. While 

aspects of motivation may be trait-like, it is also heavily open to external influences. In this vein, 

Ushioda (2001) states that motivation should be viewed not simply as a cause or a product of 

particular learning experiences, but as a process of how the learner thinks about the L2 learning 

experience and how such cognitions and beliefs then shape subsequent involvement in learning. 

Likewise, Ellis and Larsen-Freeman (2006) both pointed out that motivation is less a trait than a 

fluid and ever-changing state that emerges from the processes of interaction of many agents, both 

internal and external to the learner.  

 

2.2.4 Measuring Motivation  

Questionnaires and surveys have been the most common method for measuring 

motivation of large sample sizes. In general, motivation questionnaires are designed with a 
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specific purpose, audience, and a theoretical framework. They have been used for a comparative 

L2 survey, as a scheme for classroom observation, to learn about motivational strategies, self-

regulating capacity in vocabulary learning, language orientation, and to assess directed 

motivational currents in others (Dörnyei & Csizér, 2012). The most influential L2 motivation 

instrument in motivation research is Gardner’s Attitude/Motivation Test Battery (AMTB). 

AMTB is a self-reported questionnaire comprised of 104 questions on a 6-point Likert scale. 

Each question asks for the participant’s opinion about various aspects of learning a foreign 

language such as the instructor, the class, and the target language community. Each item asks 

respondents to rate statements such as “I have a strong desire to know all aspects of English” or 

“Native English speakers are very sociable and kind” on a Likert-scale of “strongly agree” to 

“strongly disagree.” This is followed by 12 additional questions on a 7-point scale that inquire 

about the examinee’s orientation towards the target language (Gardner, 2004). AMTB is used to 

measure five attributes associated with L2 learning: integrative orientation, attitude towards the 

learning situation, attitude towards the target language, language anxiety and instrumental 

orientation (Ushioda, 2005). L2 motivation research that uses statistical method of hypothesis 

test has often relied on Likert-scale questionnaires like the AMTB or the researchers’ own 

adapted versions that assign a numeric value to a theorized construct of motivation as some type 

of an aggregated score. Typically, the items are either aggregated as a single holistic score or 

aggregated according to each construct separately. 

Measuring psychological concepts such as motivation requires careful evaluation of the 

instrument. It is common practice, therefore, in social science research to evaluate the suitability 

of questionnaires based on reliability and validity arguments using statistical methods of 

correlation analysis or factor analysis (Bolarinwa, 2015). In simple terms, reliability is the 
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instrument’s ability to produce consistent results while validity refers to the property of the 

instrument to measure what it purports to measure. And before any questionnaire can be used or 

its results be interpreted, the questionnaire must first demonstrate internal consistency among 

items (a measure of reliabilty), and validity of their construct, content and criterion (Bandalos, 

2018). Gardner and MacIntyre (1993), for example, reported evidence of strong reliability and 

validity of AMTB based on multi-trait/multimethod analyses. Items designed to measure the 

same construct converged on the Cronbach alpha coefficient (intercorrelation among items) 

of .85. Both convergent and discriminant analyses demonstrated validity of constructs measured 

by the items (Gardner & Smythe, 1981). Likewise, Dörnyei’s L2MSS questionnaires have been 

vetted for the validity of its components through confirmatory factor analysis (Safdari, 2017) and 

structural equation modeling (Papi, 2010). The statistical principles behind reliability and 

validity claims for motivation surveys are identical to those previously reviewed in aptitude tests 

(see section 2.1.2).  

A unique feature of self-reported questionnaire not found in cognitive aptitude test is that, 

in surveys, there is no such thing as a “correct” answer. As a result, it is difficult to determine 

whether the participants are answering honestly or responding in a way that shows a bias, a 

phenomenon known as response bias. In self-reported survey, the researcher must rely on the 

respondents’ answers as an accurate measure of their own motivation without exaggeration or 

underestimation. Even when anonymity is guaranteed and there is no incentive to answer in any 

particular way, responses can still be biased to make themselves look studious or to confirm to 

the expectations of the instructor/researcher. There is also a tendency for people to want to 

present a favorable image of themselves in questionnaires, known as socially desirable 

responding (Mortel, 2008). Socially desirable responding and bias in self-reported data can 
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create an inflated level of motivation reported in questionnaires. In addition, L2 motivation 

questionnaires often inquire about the subjects’ desire to learn the TL, how they feel about the 

target language community, and how much they are devoted to their language acquisition goal. 

Given that most respondents are adult learners who voluntarily chose to enroll in language 

classes, it is somewhat expected that they would answer favorably towards the target language, 

the learning environment, idealizations about the language culture and the language-speaking 

community. As a result, survey results may not be able to distinguish subjects based on a wide 

range of motivation scores. When the majority tends to respond in one direction, separation 

among subjects based on survey scores can become negligible (Bandalos, 2018; Mortel, 2008).  

 

2.2.5 Motivation and Achievement  

A motivated learner is expected to display greater intensity, focus, and perseverance 

towards the language acquisition process. If a learner is highly motivated, he/she is expected to 

learn better, learn more, and retain more information than those who are less motivated. This 

seems like an obvious statement but the research has shown that the reality is far more nuanced 

and complicated than conventional wisdom. The critical fact is that not all types of motivation 

are created equal and there are conflicting findings in which the relationship between motivation 

and performance can range from positive to even negative (Murayama, 2018). For clarification 

on this complicated relationship, it is important to remember how motivation is theoretically 

defined compared to aptitude. Aptitude, by definition, is a set of abilities that predicts future 

success in which the identified abilities are expected to be causal factors. Thus, aptitude is 

directly linked to successful outcome. On the other hand, motivation is generally defined as the 

energy the learner brings to the learning endeavor that lead to activation, persistence, and 
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intended effort. Based on the review of how motivation is defined (section 2.2.1), it is evident 

that there is no direct causal link between motivation and achievement. That is, motivation does 

not guarantee success, but it is indirectly related to ultimate attainment mediated by effort. Often, 

the criterion validity of motivation has not linked learning outcomes to levels of motivation but 

rather to one’s willingness to put effort into L2 learning goals (e.g., Al-Hoorie, 2018).  

Still, the most intuitive relationship between motivation and achievement is that 

motivation leads to better results, and there is indeed plenty of empirical evidence in L2 

motivation research to support this view. Motivation as an independent variable in social-

educational model by Gardner has been shown to correlate positively with L2 achievement on a 

number of studies. A meta-analysis by Masgoret and Gardner (2003) investigated the 

relationship between motivation-related variables to achievement in second language classroom. 

The variables under investigation were integrativeness, attitude towards the learning situation, 

motivation and orientation. Integrativeness was composed of attitudes toward the TL group, 

interest in FL, and integrative orientation. Attitudes toward the learning situation were based on 

the evaluations of the course and the teacher. Motivation was measured as a composite of 

intensity, attitude towards learning the TL, and desires to learn the TL. Orientation included 

instrumental orientation and integrative orientation. Sections of Attitude/Motivation Test Battery 

(AMTB) were used to measure these constructs, and L2 achievement was measured using self-

ratings, objective tests and grades in L2 classes. Seventy-five independent samples totaling over 

10,000 individuals were examined in this meta-analysis, including two moderator variables of L2 

language availability (ESL vs. EFL) and the age of learners. The results were conclusive: 

motivation was positively correlated with participants’ self-rating, grades, and test scores. The 

meta-analysis indicated that correlations were positive for all main variables, but instrumental 
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orientation showed the lowest correlation at .08 while integrative orientation was the highest 

at .20. As for the moderators, neither language availability nor age had clear moderating effect. 

Regardless of the learning environment or age, the effects of different motivation constructs were 

still similar (Masgoret & Gardner, 2003). In a separate study, a high positive correlation (r=.72) 

was found between Gardner’s integrative motivation and IELTS test scores from 100 Iranian 

students (Abdul Samad et al., 2012).  

A meta-analysis of Dörnyei’s L2 Motivational Self System (L2MSS) by Al-Hoorie (2018) 

examined 39 samples that totaled 32,078 language learners. In this study, the three components 

of L2MSS (ideal L2 self, ought-to L2 self, and the L2 learning experience) were found to be 

significant predictors of intended effort (rs=.61), but the correlation between intended effort and 

achievement was weak and non-significant. Overall, motivation was a weak predictor of 

objective measures of achievement such as standardized tests and grades (rs=.20) (Al-Hoorie, 

2018). What was surprising about Al-Hoorie’s meta-analysis was that while motivation strongly 

correlated with intended effort as expected, intended effort’s relationship to measures of 

achievement was weak and nonsignificant. Binalet and Guerra (2014) also found that motivation 

had no significant correlation with how the participants performed on the grammaticality 

judgment test (GJT), and they concluded that motivation was not an effective predictor of L2 

success. At first blush, these findings may seem counterintuitive, but they highlight the rather 

tenuous relationship between motivation and achievement. Being motivated does not necessarily 

lead to better results because learning a second language has a point of diminishing returns. In 

other words, the weak correlation between intended effort and achievement could be an 

indication that learning is asymptotic rather than indefinitely linear. Another possibility is that 

the effect of motivation on L2 achievement varies with respect to L2 development. This was 
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shown by Matsumoto (2011) when his study demonstrated that motivation of L2 students was 

not proportional to their proficiency levels, meaning that learners’ proficiency did not increase 

with comparative increase in their motivation. Beginners had the highest mean score on 

motivation while intermediate students had the lowest level of motivation. Motivation was thus 

high in the beginning, but dropped to the lowest level for intermediate learners and rose again 

when they reached advanced proficiency (Matsumoto, 2011).  

In light of the weak findings on motivation and achievement, it is important to note that 

although motivation is often assumed to lead to better results, the relationship between the two 

can actually be inversely related. All things being equal, conventional wisdom may argue that a 

motivated learner is expected to perform better, but in fact, certain types of motivation can have 

a negative impact on learning outcomes. For instance, although intrinsic motivation has been 

associated with better achievement, extrinsic motivation has been shown to have a negative 

correlation with achievement (Lemos & Verissim, 2014). Relatedly, anxiety has been shown to 

be positively correlated with extrinsic motivation and performance-goal orientation (Ariani, 

2017). It is possible that extrinsic motivation arouses anxiety which in turn causes poor learning 

outcomes. Therefore, the mixed findings from the meta-analysis as well as other empirical 

studies regarding motivation and achievement point to a need for fine-grained understanding of 

the role motivation plays during different stages of L2 development.  

 

2.2.6 Key Insights and Shortcomings 

Three properties of motivation as a dynamic factor in L2 attainment are suggested in the 

literature: (1) motivation to learn a second language manifests in the presence of a target 

language and the target language environment; (2) motivation is subject to change due to 
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linguistic and environmental factors; and (3) motivation can fluctuate during L2 development. 

Motivation to learn a second language is activated in the learning process through the learners’ 

linguistics environment in which the stimulus of the target language is present. While L2 

aptitude can exist as an innate trait without the linguistic environment, motivation can only come 

from the ‘attractive’ pull the target language has on the learner – be it intrinsic, extrinsic, 

integrative, or other. And although motivation is a necessary condition for L2 learning to begin, 

once learning has commenced, it can fluctuate depending on learners’ L2 experience and the 

environment. What is left unexplored is an understanding on how motivation changes as 

language acquisition progresses towards native-like competency.  

Most studies consider motivation as a positive predictor of L2 success; nevertheless, 

nonsignificant or even negative relationships have also been reported in the literature. Still others 

have suggested that motivation’s relationship to achievement may not be dichotomous: it is 

neither strictly positive nor negative with respect to achievement but both, as motivation can rise 

and fall throughout L2 progression. Overall, the literature has shown that motivation is dynamic, 

yet its role as a predictor of achievement has also been treated under the linear assumption of 

correlational analysis much like aptitude (section 2.1.3). Since motivation is subject to 

adjustments during L2 development, the rate of change at which motivation directly influences 

the learning outcome cannot remain constant. And whether motivation changes nonlinearly with 

achievement, or whether the effectiveness of motivation on attainment remains constant are 

questions that have not been addressed by previous research. In addition, studies on L2 

motivation have examined only the singular influence of motivation on achievement or intended 

effort. As Ushioda has pointed out, “…we currently have limited understanding of how 
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motivation may interact with one or more of these other learner-internal characteristics” 

(Ushioda, 2016, p.574).  

 

2.3 Motivation and Aptitude in SLA 

ID research on differential learning outcome has consistently recognized aptitude and 

motivation as the strongest correlates of successful second language acquisition among inter-

learner variables (Abrahamsson & Hyltenstam, 2008; Dörnyei & Skehan, 2003). The current 

review on aptitude and motivation has so far treated the two constructs as distinct and 

independent factors of individual differences. And yet there exists an intuitive connection 

between aptitude and motivation that naturally combines the two into one cohesive unit. As an 

analogy, aptitude can be compared to an engine of a vehicle, (the vehicle being the learner) while 

motivation is the fuel that runs the engine. In this analogy, motivation functions as the energy 

source that starts the engine (FL aptitude) and keep it running through the remainder of L2 

development (the journey towards L2 mastery). Like an engine without fuel, aptitude without 

motivation lacks vision, purpose and direction – a state of motivational void that is forever inert. 

And motivation without aptitude is a car without any hope of obtaining kinetic energy, also a 

state of inertia. When talent combines with motivation, inertia is broken and learning takes off 

towards its objective. An ‘ideal’ L2 learner would most likely possess, above all else, two very 

important components of high aptitude and high motivation (Biedroń & Szczepaniak, 2009). Yet, 

there is a theoretical void in ID research that can adequately explain the combined effects of 

aptitude and motivation on language acquisition beyond simply listing them as key contributors.  

 Few conceptual papers in SLA consider aptitude and motivation together as part of a 

single system. Three are illustrated in this review: Skehan (1991), Gardner (2000), and Dörnyei’s 
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(2010). Skehan (1991) lists key factors of language learning as aptitude, motivation, IQ, 

personality and age. These in turn influence learner strategies and styles, and learner strategies 

and learner styles then produce linguistic and nonlinguistic outcomes. In this system, learner 

strategies and styles mediate the effect of aptitude and motivation, and the association between 

aptitude and motivation with learning outcome is indirectly related through styles and strategies 

(Figure 1) (Skehan, 1991).   

 

 

 

 

 

Figure 1: Influences on Language Learning (Skehan, 1991, p.277) 

 

In Gardner’s (2000) model of second language acquisition, the two primary ID variables 

attributed to achievement are motivation and language aptitude. Contrary to Skehan’s model, 

there is a direct causal link between achievement in second language acquisition and motivation 

and also between achievement and language aptitude. All other contributing factors are grouped 

as simply ‘other factors’ (Figure 2). Gardner’s model was a novel attempt to incorporate many 

important variables in a single model, but a detailed explanation on how these variables interact 

within the learner’s own linguistic system and contribute to the overall success of L2 

achievement is yet to be fully articulated. 
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Figure 2. Role of Aptitude and Motivation in Second Language Acquisition (Gardner, 

2000, p.17) 

 

Lastly, Dörnyei’s (2010) dynamic systems approach to individual differences combines 

aptitude and motivation into a higher-order dimensional construct. Invoking the dynamic systems 

theory (DST), Dörnyei argued that individual learner differences are dynamic, and they are 

comprised of different components that interact with each other as well as the environment. 

Dörnyei proposed that the learner differences be viewed as a complex dynamic system with 

interconnected components that fluctuate over time. The non-dynamic and stable states in 

individual differences contribute to bringing the system to attractor states. ID variables such as 

strong goals, powerful incentives, talent or interest are viewed as attractors that bring stability to 
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the system of individual learner differences. Under the DST framework, motivation and aptitude 

are no longer separate entities; they are connected under the amalgams of higher-order learner 

variable. One implication of DST approach is that ID factors are no longer viewed in isolation 

nor do they exist separate from other IDs. Instead, a complex and interwoven system of traits and 

variables that bring stability to the system is expected to emerge as a result of L2 development. 

As a consequence, motivation and aptitude interact and work together as a single higher order 

construct. The question still remains as to how to specifically model a system that can 

accommodate the stable/dynamic aspects of the two constructs while relating them to L2 

ultimate attainment.  

 

 

2.4 Energy Conservation Theory for Second Language Acquisition (ECT-L2A) 

Current understanding on the relationship between ID factors and variational attainment 

is limited in part by the field’s longstanding, univariate approach to theory construction. Energy 

conservation theory for second language acquisition presents an integrated solution to this 

conundrum. ECT-L2A (Han et al., 2017a) draws on a fundamental law of physics, known as the 

law of energy of conservation to model the phenomenon of differential ultimate attainment in 

adult L2 learners. The theory is unpacked in the following sections: the background behind ECT-

L2A, what the theory means in terms of L2 acquisition, what it hypothesizes, and what it implies 

about ultimate attainment.   

 

2.4.1 L2 Ultimate Attainment 

ECT-L2A is a theory of L2 ultimate attainment, which according to Lardiere (2012). 

refers to the global state of L2 knowledge actually attained at a stabilized endpoint of 
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development. Unlike first language acquisition, L2 ultimate attainment is typically incomplete, 

variable across and within learners, and unreliable (Han et al., 2017a). When measured against 

the standard of native-like ultimate attainment, studies have shown that the vast majority of 

learners are not able to fully acquire all aspects of the TL despite their ability, opportunity and 

motivation to learn the TL and acculturate into the target society (Han, 2004), all of which leads 

to differential outcomes of general failure (Han, 2014). Nonetheless, since incremental gains in 

lexicon continues as a lifelong process, ultimate attainment does not mean that learning stops 

altogether. It implies a decelerated learning curve in which gains are relatively marginal and the 

overall proficiency of the learner reaches permanency during the final stages of acquisition. 

Fundamentally, L2 ultimate attainment can be characterized as (1) “end-state” of L2 learning 

outcome, (2) terminal asymptotic learning state, and (3) inter-learner differential outcomes with 

domains that range anywhere from a true beginner to near native attainment.  

The variables that contribute to L2 ultimate attainment are many but the most notable 

ones include L1 influences (Bylund, Hyltenstam & Abrahamsson, 2013); input (Krashen, 1982); 

aptitude, and motivation as previously reviewed. These can be regarded largely as linguistic 

influences, environmental influences, and individual differences (see Table 4). Macroscopically 

ECT-L2A addresses both the product (ultimate attainment) and the process of second language 

development, considering both learner-external and learner-internal factors as predictors and 

theorizing their dynamic interplay. In ECT-L2A, this is accomplished by modeling the product 

and the process with the law of energy conservation from physics with four key predictors most 

cited in adult L2 ultimate attainment research: (1) aptitude, (2) motivation, (3) L2 input, and (4) 

L1-TL deviance (Han et al., 2017a). 
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Table 4: Key Variables in L2 Ultimate Attainment under ECT-L2A 

Nature of Key 

Variables 
Energy Conservation Theory Operationalization 

Linguistic 

Influence(s) 

Learning is gradually taken over by 

the traction of TL input and eventually 

stalled by L1-TL deviance, giving rise 

to developmental asymptote 

• L1-TL typological distance 

• Traction of the TL input  

 

Environmental 

Influence(s) 

Initial positioning of the learner 

matters to his or her ultimate 

attainment 

• Level of TL knowledge at 

the onset 

• Level of motivation and 

aptitude at the onset  

Individual 

Differences 

Learning proceeds with motivation 

and aptitude as the main driver 

• Motivation to learn FL 

• FL Aptitude  

 

Although there is a wide range of learning outcomes in L2 acquisition, there are also 

clear limits on how much L2 ultimate attainment can vary. Theoretically, the lowest possible 

level of attainment is a true beginner and the highest level of attainment is to be native-like. 

Variations on learning outcome can only exist within these bounds. As the lowest possible level 

of proficiency, defining what it means to be a true beginner is rather straightforward and 

uncontroversial. It is the state of linguistic competence in which the learner has no knowledge of 

the target language, mainly due to lack of input or motivation. Conversely, defining what it 

means to obtain native-likeness and the concept thereof are fraught with difficulties in SLA 

research. This is because there is evidence that there are individual differences in native language 

attainment and not all native speakers converge to represent a single norm (Dąbrowska, 2012). In 

addressing this controversy, Hulstijn (2018) proposed that the best method for measuring native-

likeness in a nonnative speaker is to first determine the native speakers’ basic (shared) language 

cognition. According to Hulstijn’s basic language cognition (BLC) theory, BLC is the domain of 
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language that is acquired and shared by all native speakers regardless of their individual 

differences (see Figure 3). Assuming that lexical and grammatical (morphological and syntactic) 

inventories of language have a Zipfian11 (or zeta) probability distribution, the frequent units in 

the corpora of the spoken language represented by the peak of the distribution is the BLC, while 

the infrequent units (flattening tails of the distribution) represent the extended language 

cognition. In other words, there are lexical and grammatical units of the TL that are shared as the 

core makeup of linguistic competence among all native speakers. The extended language 

cognition (ELC), as the name implies, extends beyond the BLC and this is where differences in 

L1 attainment is noticeable due to ID factors such as one’s level of education or their social-

economic status, among others. ELC has no maximal range, as indicated by the absence of a 

“lid” on the inverted cone in Figure 3 below. BLC, on the other hand, has a range that is bounded 

by a minimum and a maximum level of attainment, since what is shared among native speakers 

is not indefinite but limited to the frequency distribution of the language unit.   

 
11 Zipf’s law states that the frequency distribution of words in a language is inversely proportional (Piantadosi, 

2014). Hulstijn’s use of Zipfian distribution in BLC theory is yet another example of using mathematical modeling 

in language phenomena.  
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Figure 3: Basic Language Cognition (BLC) Theory (Hulstijn, 2018). 

If we adopt the BLC framework as the range of possible outcomes in second language 

acquisition, the minimum and the maximal outcomes are bounded between a true-beginner and a 

fluent speaker with native-like competence. The true-beginner outcome of language learning is 

trivial and highly unrealistic because it represents “zero” learning – the starting point of language 

learning taking place in vacuum. The true beginner, in all likelihood, represents the initial 

condition of learning i.e., the “blank slate” of L2 knowledge in the absence of input rather than a 

learning outcome. On the other end of the spectrum, there is no higher level of attainment than to 

be native-like and be able to reach BLC level of proficiency that is shared by all native speakers. 

Clearly, there is also the extended language cognition beyond what is shared by native speakers, 

such as academic discourse, literary/poetic language, or other genre specific domains and their 

lexicon. However, the aim of ECT-L2A is to understand the divergent outcomes in adult L2 
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learning within the bounds of BLC where convergence is expected to occur for all native 

speakers regardless of their individual differences.  

Given the three conditions discussed so far that (1) language learning outcomes vary 

amongst learners; (2) outcomes are bounded by a lower and an upper limit; and (3) differential 

outcomes reach an end-state, one can begin to hypothesize about a model with key variables that 

contribute to an end-state that is bounded but variable. The first condition can be conceived as 

the individual differences in key variables, while the second condition states that those variables 

have limiting influences. Lastly, the third condition indicates that the outcome is asymptotic in 

the long-run. Regarding this point, it is important to note that although there is growth and 

development towards the ideal (near-native competence) during the initial and intermediate 

stages of learning, learners inevitably reach an asymptotic state that is different for each 

individual based on his/her own unique threshold of resources. Based on these observations, we 

now turn to an interdisciplinary crossover that expresses the three conditions as a mathematical 

model.  

Regarding the use of mathematical models in social sciences, Apostel (1960) explains the 

main motives underlying how an interdisciplinary crossover may prove insightful.  

For a certain domain of facts, let no theory be known. If we replace our study of this 

domain by the study of another set of facts for which a theory is well-known, and that has 

certain important characteristics in common with the field under investigation, then we 

use a model to develop our knowledge from a zero (or near zero) starting-point. (Apostel, 

1960, p.125). 

Previously, there had been no efforts made towards a grand unified theory that integrated the 

aforementioned factors including motivation and aptitude to account for L2 ultimate 

attainment (Dewaele, 2009). If the energy conservation model can be shown to have important 
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characteristics in common with the SLA-specific phenomenon in question, then the language of 

physics can be related to L2 ultimate attainment. Before examining the nature of conservation of 

energy in physics and its cross-over application to SLA, the roles of input and L1-TL deviance 

need to be briefly examined because they are the remaining variables in ECT-L2A not yet 

discussed.  

 

2.4.2 The Role of L2 Input 

"Input" is loosely defined as the amount of language to which the learner is exposed (Han 

et al., 2017a). In the longstanding tradition of SLA research, it goes without saying that any 

language learning requires the availability of the sample target language in some form for the 

learner to process and internalized. According to Gass “the concept of input is perhaps the single 

most important concept of second language acquisition” (Gass, 1997, p.1). Without it learning is 

impossible and much of SLA theories involve trying to explain how L2 input leads to acquisition 

by some specified psycholinguistic processes. Krashen (1982) considered input as the sole 

condition, both sufficient and necessary for L2 learning and acquisition. Krashen’s input 

hypothesis (1982) viewed comprehensible input that is one level above the learner’s current state 

(i.e., i + 1) as the exclusive source of acquisition, which when coupled with learner’s affective 

filter produced variable outcome in L2 ultimate attainment. Thus Krashen (1982) attributed 

individual differences in L2 acquisition to the strength of the affective filter (often measured as 

elements of motivation) and the amount of comprehensible input internalized by the learner. And 

based on the nativist view of language acquisition, the language acquisition device (LAD) – an 

instinctive mental capacity for learning language – runs on language input, which triggers the 
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activation of parameters that are innately universal in language acquisition (Chomsky, 1975; 

White, 2003).   

Input without internalization relegates input as background noise for the learner. This 

critical step of internalization is known as “intake”, which through processing leads to 

accommodating and restructuring learners’ developing linguistic system and access to output 

(Figure 4). Multiple models of SLA thus view input as the primary trigger of second language 

learning. VanPatten’s input processing theory (1990) highlighted the importance of input 

processing in learner’s attempt to derive grammatical form from input while their primary 

attention was on meaning. Even output – comprehensible or pushed – that facilitates L2 

acquisition (i.e., output hypothesis) requires input as a precursor condition (Swain, 1985).  

          I                                 II                                                     III  

Input                        Intake                         Developing System                         Output 

 

I = Input processing 

II = Accommodation, restructuring   

III = Access  

 

Figure 4: Three Set Processes in Second Language Acquisition and Use (Gass, 1997; 

VanPatten, 1996). 

 

Relatedly, one of the most well-known theory regarding awareness of input is the noticing 

hypothesis by Schmidt (1990). The hypothesis stated that attention controls access to awareness 

which is responsible for noticing. Everything learners come to know about language was first 

‘noticed’ consciously from input, and according to Schmidt, noticing is a necessary and 

sufficient condition for the conversion of input into intake (Leow & Bowles, 2005; Schmidt, 

1990 & 2010). The emergentist model of usage-based approaches to SLA view learning as an 

extraction of statistical regularities or patterns from the input. Learning occurs as a result of 

frequency-based generalizations of exemplars from the target language (Ellis, 1998). Likewise, a 
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connectionist approach such as the competition model views language processing as involving 

competition among cues from input (Bates & MacWhinney, 1989). Finally, input as feedback is 

instrumental in Long’s (1996) interaction hypothesis in which negotiation for meaning that 

triggers interactional adjustments facilitates acquisition. According to Long, interaction connects 

input, internal learner capacities, and output in a productive system that facilitates language 

acquisition (Long, 1996).  

What has been reviewed does not represent an exhaustive examination of the most 

fundamental condition in L2 ultimate attainment. Suffice to say, sine-qua-non of L2 acquisition 

is L2 input. For any language learning to be effective, there must be ample experience with the 

TL including opportunity to use the language in a meaningful and communicative environment. 

Learners must be engaged in using the language, instead of merely receiving input as a form of 

instruction. Furthermore, input needs to be more than words, phrases or grammatical rules taught 

and rehearsed in the classroom. It must be naturalistic such that the linguistic features of the TL 

are retrieved in the middle of a conversation and integration of appropriate morphosyntax and 

pragmatics in all its complexity occurs in real-time (Lightbown, 2008). In one longitudinal study 

of Chinese children and adolescents learning English in the United States, the switch from L1 to 

L2 as the dominant language, the preference for L2 over L1 use in speaking/listening situations, 

and the learner’s choice of L2 over L2 peers, all correlated highly with GJT scores (Jia & 

Aaronson, 2003). Even though individuals may be exposed to similar linguistic environment, the 

“attractiveness” of the TL that pulls learners to use of the TL can vary between individuals. In Jia 

and Aaronson’s 2003 study the most successful learners were those who displayed close 

identification with the target language and its language community to the extent that their L1 was 

replaced by the L2 as the main mode of communication and identification. Their findings 
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strongly supported Gardner and Lambert’s socio-educational model and the importance of input 

immersion because the learner’s integrative motivation to be part of the language community 

was associated with their frequent use and eventual excellence in the proficiency of the target 

language.  

 

2.4.3 L1-TL Deviance   

A perennial issue and also a fundamental concern in adult second language acquisition is 

that learner’s first language has an influence on L2 development and its ultimate attainment 

(Han, 2004). In the early years of SLA, transfer of learning – whether positive or negative – from 

L1 to L2 was hypothesized to occur definitely, and Lado’s (1957) contrastive analysis hypothesis 

(CAH) predicted that elements of L2 which are similar to the learner’s native language will be 

simple to learn while elements that are different will be difficult. The influence of typological 

distance between L1 and TL mainly concerns occurrences of linguistic transfer and its effect on 

learnability. The learnability of TL based on typological deviance can be understood as the 

degree to which L1 to TL distance impedes or facilitates the learning of TL. A priori and strong 

predictive view of CAH has been soundly criticized based on empirical and theoretical 

shortcomings (Leather & James, 1996; Oller & Ziahosseiny, 1970). Nevertheless, the weak and 

moderate versions of CAH persist as a well-established phenomenon in SLA. One such 

application is the idea of hierarchy of difficulty in which L1-TL deviance represents an 

increasing difficulty of learning the TL form (Ozeki & Shirai, 2007). Revived interest in CAH in 

the 1990s found that L1-TL deviance does produce measured differences in learner’s ultimate 

attainment as L1-TL similarities can lead to faster acquisition (Ard & Homburg, 1983; 
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Kellerman & Sharwood-Smith, 1986; Odlin, 1989) while differences or absences of 

corresponding structure can lead to delayed acquisition (Zobl, 1982). As Schachter puts it:  

An adult speaker of English will require considerably less time and effort to achieve a 

given level of ability in German than in Japanese because the similarities between 

English and German, at all levels, are much greater than those between English and 

Japanese, and the adult’s prior knowledge of English influences subsequent acquisition. 

This contributes to differences in completeness … The closer two languages are in terms 

of syntax, phonology, and lexicon, the more likely it is that higher levels of completeness 

can be reached. (Schachter, 1996, p. 161) 

 

Empirical evidence exists in support of Schachter’s statement concerning the learnability 

of second and third language acquisition based on their distance to L1. For example, in second 

language acquisition context, relatively large typological distance between Malay and English 

was linked to persistent and frequent errors by Malay speaking learners of English. A study by 

Svalberg and Chuchu (1998) revealed that typological distance influenced the learning of tense 

and aspect in English which largely supported Schachter’s (1992) view that the learner’s L1 

imposed constraints on the hypotheses formed by the learners about English. Interestingly, 

linguistic distances between speakers’ first and second languages and their third language also 

played a role in the learnability of third languages. In a study by Schepens et al. (2016), linguistic 

distances among L1, L2 and L3 had a significant and robust effect on the eventual acquisition of 

L3. In their study, larger distances from L1 to L3 and from L2 to L3 correlated with lower 

degrees of L3 learnability in a sample of 39,300 multilingual candidates (Schepens et al., 2016). 

Even more evidence in support of L1-TL deviance on TL learnability can be found in 

studies of immigrants and their adjustment to the language of the host country. After controlling 

for socioeconomic and demographic variables, immigrant groups of certain L1 backgrounds 
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consistently showed better adjustment to the language of the host country than other groups. In 

US, immigrant groups generally showed different levels of English proficiency based on the 

linguistic distance between their L1 and English. Groups whose linguistic distance to English 

was closer attained higher proficiency but those with large linguistic distances achieved lower 

proficiency. One generalization gleaned from this trend was that English is linguistically closer 

to Western European languages (e.g., German, French, etc.) than East Asian languages (e.g., 

Korean, Japanese, Chinese) and as a result, Western European immigrants in US, UK, or Canada 

have higher ultimate attainment of English than East Asian immigrants (Chiswick & Miller, 

2005). 

Holistic and practical applications of TL learnability based on L1-TL deviance as stated 

above are also reflected by studies complied by the US Department of State agencies such as the 

Foreign Service Institute (FSI) and the Defense Language Institute (DLI). These agencies 

instruct over 24 languages to a large number of government employees for overseas assignments. 

Both DLI and FSI forecast learning results of their candidates based on the Interagency 

Language Roundtable Scale (ILR), which ranks and categorizes groups of foreign languages 

based on how difficult they are for L1 English speakers. Each category approximates the length 

of time it takes to achieve the department’s established proficiency standard but the duration of 

the course is dependent on the TL’s distance to English. Languages that are closest to English 

have the shortest expected length of instruction (23-24 weeks | 575-600 class hours) and these 

include languages such as Dutch, German, Spanish and Italian. DLI category describes these as 

languages “most similar to English”. The highest category of difficulty features languages that 

are presumably most distant such as Arabic, Chinese, Japanese, Korean and Pashto. They have 

the longest expected length (88 weeks | 2200 class hours) to achieve the same level of standard 
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comparable to other categories. Languages under this category are described as “languages 

which are exceptionally difficult for native English speakers” (Foreign Service Institute, 2019).   

There are in fact, proposed numeric measures to indicate how one language is 

typologically distant to another language. Chiswick and Miller (2005) proposed a scalar measure 

of distance between English and other languages based on English proficiency data among adult 

immigrants in the USA and Canada. By analyzing proficiency scores of US Department of State, 

School of Languages Studies, Chiswick and Miller showed that larger discrepancy in linguistic 

distance led to poorer performance on the respondent's English language proficiency. In their 

proposed scale, language distances ranged from the lowest index of 1.0 (e.g., Korean), which 

indicated the farthest distance to English, to the highest of 3.0 (e.g., Swedish) which represented 

the closest distance. Few sample comparisons of LD (linguistic distance) scores and their 

corresponding languages are presented below (see Table 5).  

Table 5: Index of Difficulty of Learning English (Chiswick & Miller, 2005, p.12-13) 

 

Language LD Score to English  

Dutch 2.75 

French 2.50 

Italian 2.50 

Portuguese 2.50 

Spanish 2.25 

Danish 2.25 

Arabic 1.5 

Mandarin 1.5 

Cantonese 1.25 

Korean 1.0 

Japanese 1.0 

 

Since the 50s, the field of SLA’s understanding on the role of native language and cross-

linguistic influences on L2 development have been nuanced and integral (e.g., Kellerman & 

Sharwood-Smith, 1986), leading to an evolution of behaviorist, cognitive and more recently to 
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the mentalist view in which the learner’s L1 constitutes the initial mental state of L2 learning that 

determines its development and ultimate attainment (Han, 2004). All things being equal, research 

has shown that L1-TL distance is a robust predictor of convergence towards the TL relative to 

the greater or lesser similarity between L1 and TL, though nuanced complexities abound at 

closer examination. Given the importance of L1-TL pairing, it is the fourth and the last key 

variable considered in ECT-L2A.   

 

2.4.4 Aptitude, Motivation, L2 Input, and L1-TL Deviance 

 To review, in ECT-L2A, the outcome in question is L2 ultimate attainment that is 

variable, asymptotic, and bounded, and the predictors are aptitude, motivation, L2 input, and L1-

TL deviance. Though there are certainly other important aspects of L2 learning not considered 

here, these four are theorized as indispensable conditions of L2 development and its end-state 

product. Aptitude, motivation and L2 input are the essential conditions minimally necessary for 

any learning to take place. That is, if at least one of these conditions are numerically measured as 

“zero” or absent in the learner’s initial state, learning cannot possibly proceed regardless of other 

factors being present, however favorable they may be. For starters, aptitude as previously 

reviewed and defined cannot be nonexistent12 for a cognitively normal adult, which if it were 

possible would mean that learning a second language is cognitively impossible. On the other 

hand, if motivation to learn a foreign language were to be zero – meaning that the individual 

does not want or need to learn another language– than no amount of L2 input or aptitude can 

force a learning outcome to materialize for that individual because input will permanently remain 

as background noise and never become intake. Lastly, in the absence of L2 input, there is no 

 
12 In the same way that it is impossible for IQ to be 0. As an interval or ordinal scaled measure, “zero” has no 

meaningful place in aptitude battery or in motivational surveys (Haier, 2014). 
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amount of aptitude or motivation, however gifted or determined, that can lead to acquisition 

when there is no L2 language to learn in the first place. Minimally, there must be an ability to 

learn, a desire to learn, and an opportunity to learn, all of which varies from one individual to 

another. Still, individual differences in aptitude, motivation and L2 input alone cannot account 

for variable end-state if all three are allowed to contribute indefinitely to the ultimate outcome. If 

left unchecked, there is nothing that would seemingly prevent the indefinite growth of the TL 

until all learners converge at native-likeness regardless of their variable initial conditions – a 

most unlikely outcome in the case of adult learners based on years of SLA research. The final 

variable, L1-TL deviance, then acts as the counter, reactive force pushing back against the 

progress made by the combined effect of aptitude, motivation, and input. In reality, learners do 

not progress towards the TL indefinitely and the L1-TL deviance effectively functions as the 

barrier. Given the three variables that contribute positively to learning and one variable that 

opposes them, the four are theorized to interact and transform under one system. What emerges 

is an end-state of learning, the L2 ultimate attainment of the adult learner.   

 The best way to visualize the mechanism of four variables and their asymptotic end state 

is to think about their relationship geometrically as a learning curve. One very famous example 

of a learning curve in SLA is the critical/sensitive period hypothesis in which the proficiency of 

the TL decreases with increase in the age of arrival (AOA) around puberty. L2 learning thus 

resembles variations of linear decline, marked by high success rate for early AOA, followed by a 

steady decline that eventually reaches a flattening out to a plateau (e.g., Johnson & Newport, 

1989). Different geometry as a function of AOA and attainment has been proposed by Birdsong 

(2018) that captures this process as stretched “L”, stretched “Z” and a stretched “7” shape. The 

critical/sensitive period hypothesis represents learning outcome based on a single predictor of 
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age of arrival. For adult L2 learners, a similar type of a learning curve can be represented with 

the four variables discussed minus the age factor. Assuming that L2 ultimate attainment is 

bounded and asymptotic, L2 acquisition hints at a system of limited resources in which the return 

on investment (effort made towards TL) diminishes as it reaches some maximal outcome. In 

order to construct such a learning curve, there must be a mathematical basis that relates the 

variables as adaptive yet mutually constraining entities. This is where drawing inspiration from 

physics becomes applicable. If one envisions the learning process as a trajectory towards the 

target language, then L2 development can be understood as navigating through mutually 

adapting and constraining forces that ultimately lead to a bounded end-state. L2 development and 

L2 ultimate attainment can be considered to parallel a conservation of energy process in which 

the four key variables are energies being transformed and the final end-state is the result of total 

energy conservation. In other words, if all quantified values of interacting variables in the 

learner’s system are carefully added, the total number will never change while the individual 

system can change in the process.  

 

Kinetic Energy: Aptitude and Motivation. Aptitude and motivation, as learner-internal factors, 

have an additive effect on the overall L2 learning outcome. Aptitude is operationalized as a 

constant Λ, defined as an innate trait of the learner that specializes in learning an additional 

language other than the native language. Regardless of where the learner stands in the L2 

developmental trajectory, their aptitude is not expected to vary but remain constant. Motivation 

on the other hand, is a function denoted as ζ(r) of the learner’s position (simply denoted as r) in 

the learning process relative to the target language. The domain of the learner’s position, i.e., the 

possible range of r is from r =~ 0 to r =~ ∞, defined as the distance from the reference point of 
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the central object, the target language. Value of r =~ 0 means that the distance to the target 

language is approximately zero13, which is interpreted as a situation where the learner’s ultimate 

attainment has reached the full measure of the target language at the native-like level. When r =~ 

∞ the L2 learner’s level is a true beginner who comes into the central force field with no 

knowledge of the target language from an “infinite” distance away from the target language 

norm. Relatedly, motivation ζ(r), is a function of r and it is indicative of the changes in learner’s 

motivation based on his/her relative position to the target language during the learning process. 

The sum of two terms aptitude and motivation (Λ + ζ(r)) is equal to the kinetic energy of the 

learner. Although this form is different from physics, much like the physics formula, kinetic 

energy of the learner requires both positive values of motivation and aptitude. Intuitively, this 

means that if either motivation or aptitude (or both) is zero, kinetic energy becomes zero and 

learning is essentially impossible. From the physics perspective, this is equivalent to the 

condition that permits the particle to travel when 𝑈𝑒𝑓𝑓 (r) < ∈, or equivalently when the kinetic 

energy is positive. In SLA, the kinetic energy is what the individual learner brings to the L2 

learning process, and it represents the largest overall variability attributed to L2 learning 

outcome at the level of the individual. An L2 learner with a higher combination of aptitude and 

motivation has greater kinetic energy towards the TL.  

 

Potential Energy: Traction of the Input. The potential energy of the TL input is represented as 

the negative of the ratio of the ‘mass’ of TL input (ρ) to the learner’s position in the 

developmental process: − (ρ/r). The minus sign is to indicate that the force is attractive much like 

the negative sign of gravitational potential energy in physics. Potential energy is the 

 
13 Since division by zero is undefined (Equation 4), r cannot be exactly zero; it can only be asymptotically 

(approximately) zero.  
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environmental influence of the learning outcome, represented as the force of the L2 input. A 

maximum value of (ρ) would indicate the best possible learning environment, input-wise that is 

comprehensible, contextual, authentic, salient, frequent, and reliable. The r in the denominator of 

-(ρ/r) indicates that as the learner approaches closer to the target (r becomes smaller) and L2 

competence develops, potential energy of the L2 input becomes that much greater. More 

intuitively, greater L2 knowledge affords learners greater exposure and availability of L2 input in 

their linguistic environment previously inaccessible due to lack of proficiency, which further 

provides more potential energy for higher proficiency. Depending on the learner’s linguistic 

environment, (ρ) the traction of the input could either be small or large. Generally speaking, fully 

immersed ESL environment would have a larger and more optimal (ρ) “input mass” while an 

EFL environment would have a much smaller (ρ) and correspondingly, the potential energy due 

to the traction of the input would be smaller.  

 

Centrifugal barrier: L1-TL deviance. In physics, the centrifugal barrier is represented as a ratio 

of angular momentum squared over the distance r squared (Equation 3). Similarly, the 

centrifugal energy that serves as a barrier that prevents native-like fluency in L2 is represented as 

an inverse square law of the typological distance between L1 and the TL. The parallel between 

angular momentum and L1-TL deviance comes from the observation that when the angular 

momentum is zero, L= 0, the system can reach, r = 0. In SLA, if the L1-TL deviance is zero (i.e., 

L1 and TL are identical), the distance between the learner and the TL can approach zero and 

become fully native-like. However, as long as there is a non-zero angular momentum, there will 

be an excluded region at small r value due to the centrifugal barrier, and the separation between 

the two masses will never be smaller (Goldstein,1980). In SLA, as long as the TL is different 
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from L1, the L1-TL deviance will have some positive value, and the effect of the centrifugal 

energy will prevent the learner from overtaking the central mass, the TL. The typological 

distance between L1 and TL is denoted as η, defined to mean that similar languages have smaller 

η value than L1-TL pairings that are more distant. For instance, based on the FSI and DLI 

categorization of L2 difficulty, English would have the smallest η when paired with Spanish or 

German but have the highest η when paired with Arabic or Chinese. The centrifugal energy then 

is represented as (η) squared divided by the square of the learner’s developmental position r: 

η2/r2. The square term in the denominator, r2 points to the effect of gains in proficiency (as r 

becomes smaller) to grow rapidly, which ultimately leads to increase in centrifugal energy. 

Putting all the variables together, the conservation of energy in SLA is expressed as: 

   ∈=  ζ(r) +  Λ + 
η2

𝑟2 − 
ρ

𝑟
                (4)  

Based on (Equation 4) the effective potential is the sum of potential and centrifugal energy.  

                 𝑈𝑒𝑓𝑓(r) = 
η2

𝑟2 − 
ρ

𝑟
              (5) 

Given that the total energy ε is conserved for each learner in a closed system, higher ∈ means 

higher levels of ultimate attainment because r can only decrease as far as the total energy ∈ 

allows. Alternatively, the ultimate attainment of individuals can be derived by solving for r in ∈

 =  ζ(r) +  Λ + 
η2

𝑟2 − 
ρ

𝑟
. At the point of ultimate attainment (r0), motivation ζ(r) becomes zero 

and solving for r leads to Equation 6 below (Han & Bao, 2021): 

    𝑟0 =  
2η 2

ρ + √4ε η2+ρ2
      (6)  

Note that because ζ(r) = 0, ε = ∈ − Λ. Another important point is that the above solution is true 

when r is equal to r−1 or 1/r. Therefore, Equation 6 is able to relate aptitude to attainment without 
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the role of motivation. The equation above also relates attainment as a function of ε which is 

linked to aptitude as ∈ − Λ. 

 

2.4.5 Implications for L1 and L2 Acquisition    

Before reviewing L2 acquisition process implied by ECT-L2A, it is worth examining L1 

implications first. In L1 acquisition, η =0 and the numerator in η2/r2 equals zero because L1 and 

TL are identical. As r decreases the potential energy (traction due to input), increases 

indefinitely. This implies unlimited growth of kinetic energy due to the minus sign of potential 

energy until r asymptotically reaches zero in order to conserve the total energy ∈ of the system. 

This is only possible in L1 acquisition when the role of centrifugal energy is eliminated and 

results in learning that reaches the target language, i.e., r asymptotically reaches zero as the 

kinetic energy grows indefinitely. Relatedly, since r is the learning progression towards the TL, 

change in r with respect to time can be understood as the rate of learning. In physics, kinetic 

energy is defined as the energy possessed by an object in motion in which velocity (distance over 

time) expresses the speed of the said object in motion. In ECT-L2A, the kinetic energy of the 

learner is likewise closely related to not only L2 development but also to one’s rate of learning. 

The rate of learning is in fact an integral property of how aptitude is defined as higher aptitude 

implies faster rate of learning. Aptitude is a component of the kinetic energy in ECT-L2A, 

similar to how velocity is related to kinetic energy in physics. Thus, the rate of learning is 

implied by the kinetic energy can be written as the following:  

    Kinetic Energy = ∈𝑡𝑜𝑡− 
η2

𝑟2 + 
ρ

𝑟
        (7)  

This is essentially kinetic energy as the difference between the total energy and effective 

potential. Given (7), the rate of learning, regardless of L1 or L2, is dependent on the kinetic 
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energy of the learner. Individuals with higher motivation and aptitude learn at a faster rate, but 

those with less kinetic energy will take longer to reach the same level.14 This is again in 

accordance with how aptitude is defined as a cognitive ability in which differential rate of 

learning is predicted. In addition, the above equation implies that in L1 acquisition, due to the 

absence of the centrifugal barrier, all learners will eventually reach native levels at r =~ 0 

regardless of aptitude or motivation as long as the kinetic energy is positive. The difference in 

kinetic energy may account for the rate in which L1 development reaches the native state. This 

means that some reach native state earlier than others, but eventually everyone catches up to r =~ 

0 given enough time. Moreover, per (7) the rate is also dependent on ρ as larger input mass leads 

to a faster learning rate for both L1 and L2. In the case of L2 acquisition, lower η indicates faster 

rate and higher η is indicative of slower learning rate, again both related to kinetic energy 

according to (7). To summarize, faster rate comes from higher kinetic energy (aptitude and 

motivation) which is directly influenced by larger ρ and lower η values.15 For L1 acquisition, the 

learner can reach native state r =~ 0 even with low kinetic energy comprised of low aptitude, 

motivation, and low η, if they are given enough time.  

 

2.4.6 L2 Development and Ultimate Attainment  

 We now consider the application of ECT-L2A for adult L2 learners. For a true beginner 

in the absence of L2 input, when learning begins at r =~ ∞, centrifugal energy (η2/r2) and 

potential energy (− ρ/r) are approximately zero and the only terms left are ζ(r) + Λ. At the onset 

 
14 One committee member asked whether this statement is coming from Equation 7 or from empirical findings. 

Aptitude is defined as an ability that leads to a faster learning rate. Equation 7 also supports this contention because 

kinetic energy includes aptitude. Thus, this statement is based on Equation 7 and the construct definition of aptitude.  
15 Larger ρ means greater input and lower η indicates greater linguistic distance to the TL. The rate of learning 

shows how the kinetic energy is increasing or decreasing as a function of these two variables.  
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of learning, the only forces that propel the learner towards the TL are his/her own motivation for 

learning the TL and FL aptitude. As previously discussed, Λ ≠ 0, and ζ(r) ≠ 0, motivation or 

aptitude cannot be zero and kinetic energy must be some positive value of aptitude plus 

motivation. Learning commences when L2 input is present in the environment and r becomes 

smaller, getting closer to the TL as in ε = ζ(r) + Λ − ρ/r. In L2 acquisition, centrifugal energy 

exists because η has a positive value. The L2 learner is prevented from reaching native-likeness 

(r =~ 0) because r will decrease to a value until the kinetic energy of ζ(r) + Λ =~ 0 and learning 

ceases. As the learner develops L2 competence, motivation ζ(r) (consequently kinetic energy) 

increases due to the minus value of the traction provided by the input (− ρ/r). Concurrently, the 

centrifugal energy (η2/r2) slowly starts to build up, until the r2 value nears zero, which overtakes 

the values of all other terms and dominates the equation. At this point, due to the conservation of 

energy, the kinetic energy decreases, eventually becoming zero, and the system reaches an 

equilibrium of stable end-state, the ultimate attainment of the learner’s L2. The L2 ultimate 

attainment is the lowest possible r value due to the conservation of energy.  

There are two equations that can be worked out for further illustration: one for the 

beginning when r =~ ∞ and one for when learning has reached its plateau. When r =~ ∞, ε = ζ(∞) 

+ Λ and when r approaches zero and learning becomes asymptotic, ε = Λ + η2/r2 − ρ/r. Since the 

total ε is conserved, the two equations can be set equal to each other: ζ(∞) + Λ = Λ + η2/r2 − ρ/r. 

The aptitude terms cancel and algebraic rearrangement leads to the end state of ECT-L2 as the 

following:  ζ(∞) = η2/r2 − ρ/r in which the two r terms cease to decrease in order to match the 

initial energy value of motivation at r=∞. The point at which the r value stops decreasing is 

another indication of where the learner’s ultimate attainment will end up with smaller r values 

specifying higher attainment levels.  
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∈ − 𝑈𝑒𝑓𝑓(r) = ζ(∞) + Λ > 0           (8) 

As long as the above inequality (8) holds true, the learning rate is positive and the distance 

between the learner and the TL narrows. One more rearrangement of ζ(∞) = η2/r2 − ρ/r leads to 

ζ(∞) + ρ/r = η2/r2  which implies that the centrifugal energy (typological distance between L1 and 

TL) works against and matches the kinetic and potential energy provided by the learner’s 

motivation plus the traction of the TL input. Simply put, no matter how much motivation one 

musters towards learning the TL, and no matter how much traction the TL input pulls the learner 

towards the goal, the typological distance between the learner’s L1 and the TL will always 

counteract to balance the two forces to create an asymptotic learning plateau that never reaches 

the central force, the target language (Han et al., 2017a; 2017b).  

Most importantly, L2 ultimate attainment of the learner is predicted based on the lower 

bound of r in the learner’s central force system. This point is called the turning point, where the 

total energy of the system is equal to its effective potential. At this juncture, the kinetic energy is 

zero and the rate of learning slows down to zero; effectively, learning reaches its end-state. 

Mathematically, this happens when the inequality (8) becomes an equality: 

            𝑈𝑒𝑓𝑓(r) = ∈       (9) 

Figure 5 below represents the graph of Ueff with different η values, three different scenarios of 

the total energy, and corresponding turning points r0 at which the rate of learning halts and one 

scenario in which ∈ = 0.   



 

  80 

 

 

Figure 5: Effective potential vs. acquisition process. Ueff with different values of η: Three 

scenarios of asymptotic attainment in SLA based on the total energy (Han et al., 2017a; 

2017b). 

 

The curved colored lines show Ueff under four different values of η. The dotted green line is for 

when η = 0 (L1 acquisition) and the acquisition process r approaches zero as Ueff approaches 

infinity. An increase in η causes the Ueff curve to flatten out more and the turning point r0 (where 

the rate of acquisition process r becomes zero) occurs at an earlier point along r. This means that 

an increase in L1-TL deviance leads to an L2 ultimate attainment that is farther away from the 

TL native-norm. Based on Equation 9, there are four possible initial learning situations where 1) 

the total energy is zero, 2) total energy is positive, 3) the total energy is negative, and 4) the total 

energy is minimal. This is best illustrated by effective potential graph of energy conditions above 

(Figure 5). 



 

  81 

 

(1) The total energy is zero (∈ = 0). This is perhaps the most trivial scenario in which 

learning never happens. The effective potential is zero due to complete absence of input 

and the kinetic energy of the learner is zero because there is no motivation to learn.  

(2) The total energy is positive (∈ > 0). For vast majority of adult L2 acquisition, the kinetic 

energy is positive and learning starts from r =~ ∞. The traction of the input increases the 

learner’s kinetic energy as the learner progresses towards the TL until the learner’s 

kinetic energy depletes due to the centrifugal force of the L1 and learning slows to a halt.  

Depending on η, ζ(r), and Λ, learning becomes asymptotic at different points in the 

acquisition process, eventually coming to an end-state at r0.  

(3) The total energy is negative but greater than the minimum (∈ < 0 > minimum). When the 

total energy is between the minimum and zero, the potential of the input is greater than 

the kinetic energy of the learner. Under this condition, the learner’s progress towards TL 

begins at r less than ∞ due to previous L2 knowledge and learning is bounded from r2 to 

r1. The learner quickly experiences the centrifugal barrier and learning reaches an 

asymptote soon after. In practice this scenario is best exemplified by heritage language 

learners. The learner begins with a previously acquired knowledge of the heritage 

language and continues the process as an adult (Montrul, 2014). In this case, the heritage 

language becomes the learner’s L2 but the scenario is not comparable to when E > 0 

because the learner’s initial r began at a point less than ∞ (true beginner). The potential 

energy due to the traction of input exists from the beginning and this has a strong effect 

from the outset. For the heritage language learner, their experience with the centrifugal 

energy happens faster than regular L2 learners because they are closer to the barrier effect 

of their L1 compared to the case when ∈>0 in which the learner starts from r = ∞. 
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(4) The total energy is minimum (∈ = minimum). The total energy is equal to the minimum 

of the effective potential, ∈ = Ueff and the learner is confined to be in the same r. This is 

again the case of a heritage speaker who is in the L2 input environment but the individual 

is not motivated to learn the heritage language. The heritage speaker’s kinetic energy is 

zero and no learning emerges regardless of favorable conditions provided by the 

environment. The individual already has some knowledge of L2 even before learning 

begins (r < ∞); however, no additional learning happens due to lack of motivation. In this 

situation, attrition of the heritage language may occur from lack of use and r may even 

increase.  

 

2.4.7 Summary of ECT-L2A Predictions  

In summary, ECT-L2A can be interpreted, inter alia, to have the following implications 

regarding language acquisition: 

(1) Kinetic energy (aptitude + motivation) must be present (positive) under the target 

linguistic environment for language learning (either L1 or L2) to take place. Aptitude, 

motivation, and input are necessary and sufficient conditions that contribute positively to 

language acquisition and its ultimate outcome.   

(2) For L1 acquisition, initial positions of aptitude, motivation, and language input determine 

one’s rate of learning but not their ultimate outcome. In L1 acquisition, all learners 

converge to native-likeness, with differences in their rate of attainment attributed to 

aptitude, motivation and input environment. 

(3) In L2 acquisition, L1-TL deviance prevents aptitude, motivation, and language input 

from contributing indefinitely to L2 attainment by decelerating the rate of learning until it 
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reaches a plateau. In general, greater typological distance leads to greater nonconformity 

to the target language.   

(4) During language development, linguistic input feeds the learner’s kinetic energy and the 

role played by aptitude and motivation towards TL approximation increases as a result. In 

L1 acquisition, this increase stays when learners reach the target language. In L2 

acquisition, the traction of linguistic input stops when the learner’s L1-TL deviance 

begins to overtake the positive contribution of input towards L2 learning.  

(5) In L2 acquisition, kinetic energy increases with increase in proficiency due to the rise in 

the traction of the input until it reaches a maximum value16. At this point the learner must 

‘pay’ the linguistic barrier created by the L1-TL deviance which penalizes the kinetic 

energy until the rate of learning slows down, effectively rendering the learner’s aptitude 

and motivation to be ineffective.    

(6) Most optimal learning condition occurs when motivation and aptitude are high, L1-TL 

deviance is low, and L2 input is optimal. Under these parameters the rate of learning is 

fast and the learner’s ultimate attainment is closest to native-likeness. The opposite 

conditions represent the lowest level of L2 ultimate attainment and the slowest rate of 

learning for an individual learner: motivation and aptitude are low, L1-TL deviance is 

high, and L2 input is poor.  

 

For the current dissertation study, the focus was on aptitude and motivation only. 

Accordingly, the following predictions were made about aptitude and motivation and their effect 

on L2 success: 1) ECT-L2A predicts that the motivation of a true beginner with no knowledge of 

 
16 Technically, this is the minimum point in the effective potential graph (Figure 5).   
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the TL increases as the learner interacts with the TL input. However, as the learner’s proficiency 

increases, the typological distance between the TL and L1 acts as a centrifugal barrier and further 

gains towards native-like competence becomes asymptotic. This in turn reduces motivation to a 

level that is lower than when the learner was a true beginner. 2) Aptitude, as a constant, is 

expected to remain the same throughout the learning process at the individual level; however, the 

effect of aptitude will wane as the learner approaches native-likeness due to the centrifugal effect 

of L1-TL deviance. 3) As for the kinetic energy, the combined value of motivation and aptitude 

is expected to contribute positively but decrease with increase in L2 proficiency.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  85 

 

Chapter 3: Methodology 

This chapter presents the methodology of the dissertation study. First, a pilot study is 

briefly reported. After that, the method of the present study is described, beginning with an 

overview of the design, followed by the description of participants, the instruments, the data 

collection procedure, and finally, the methods of data analysis. 

 

3.1 Pilot Study  

With the aim of examining the effect of aptitude and motivation on L2 attainment, a pilot 

study was conducted on three predictions made by ECT-L2A. The study was guided by the 

following research questions: 

1) As learners progress towards the TL, how is motivation effected?  

2) What is the relationship between aptitude and L2 achievement?  

3) Do individuals with higher levels of motivation and aptitude (kinetic energy) have 

higher levels of L2 attainment? 

A total of fifty-six ESL students from the Community Language Program (CLP) at Teachers 

College and ESOL program at Community Impact, Columbia University were recruited for the 

study. The participants were grouped into three proficiency levels based on institutional 

placement tests which resulted in 19 beginners, 24 intermediates, and 13 advanced students. Data 

collection spanned three semesters and all participants were asked to volunteer in a research 

study called “Motivation and Aptitude in Language Acquisition.” All participants took a brief 

background, a motivation survey, a timed grammaticality judgement test, and completed all four 

sections of the LLAMA aptitude test (LLAMA_B, LLAMA_D, LLAMA_E, LLAMA_F) (Table 

6).  
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Table 6: Overview of the pilot study 

ECT-L2A 

variables  

Theoretical 

Framework 

Operationalization  Instrument 

Aptitude Predictive measure of 

L2 success   

phonetic coding ability, 

grammar sensitivity, rote 

learning ability, and 

inductive learning ability 

 

LLAMA_B, D, E, 

&F 

 

Motivation L2MSS Ideal L2-Self, ought to L2-

Self, L2 environment, 

intended effort 

24-item, 5-point 

Likert scale 

questionnaire 

 

L2 Grammar 

Attainment 

 

Knowledge of L2 

grammar  

 

10 rule types (past, plural, 

third-person singular, present 

progressive, determiners,  

 

Timed GJT 

 

The findings of the study showed a significant but moderate relationship between motivation and 

timed GJT scores which was negative. There was a decrease in the magnitude of linear 

relationship between motivation and years of study, and between motivation and GJT scores. For 

the entire sample (N=56) aptitude had a positive correlation (p < 0.01) with performance on timed 

GJT, but the effect (R-squared) decreased with increase in proficiency. The combined effect of 

motivation and aptitude also contributed positively to GJT scores (Kim, 2019).  

One limitation of the dataset was that it was statistically low-powered. Given the 

parameters of the study (two independent variables), a sample size of 56 achieved a power of 

0.63, which is below the typical standard of 0.80 for statistical power analysis (Cohen, 1988). 

The pilot study also did not control for the effect of L1 by sampling from a diverse L1 

background, and the measure of motivation was not particularly sensitive to L2 achievement. 

The current dissertation study was designed to address these shortcomings, along with others, by 

implementing (1) higher statistical power, (2) homogenous L1 sample, and (3) use of Gardner’s 

AMTB for motivation. 
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3.2. Research Questions and Hypotheses  

The research questions in the present study were motivated by the predictions made by 

ECT-L2A with regards to aptitude and motivation, which was previously discussed at the end of 

chapter 2. The primary aim of the dissertation study was to test these predictions.  

∈ =  ζ(r) +  Λ + 
η2

𝑟2 − 
ρ

𝑟
 and alternatively expressed as 𝑟 =  2η 2

ρ + √4ε η2+ρ2
 when solved 

for r (Equations 4 and 6). Strictly speaking, Equation 4 and 6 are not interchangeable in the sense 

that Equation 6 only depicts one scenario of Equation 4, that is, only when r=r0, when learners 

have reached their ultimate attainment. Thus, Equation 4 is more encompassing or 

comprehensive, applicable to all stages of r. That said, Equation 6 can still be derived from 

Equation 4 as long as ε = ∈  − ζ(r) −  Λ. Based on these mathematical relationships, there were 

three major research questions. Each research question was followed by hypotheses designed to 

address the overarching question. The research questions and hypotheses are stated below.17  

 

Research Question 1 (R1). What is the relationship between aptitude and language learning 

outcome? Specifically, how does the learning outcome change with increase in aptitude at the 

population level and what is their relationship like from a pseudo-longitudinal perspective?  

Hypothesis 1 (H1). The participants in this study will show a positive correlation between 

performance on GJT and aptitude since high values of Λ will lead to smaller r and Λ 

remains constant at the individual level.  

 
17 A committee member pointed out a potential conflation between prediction and hypothesis. The hypothesis for the 

current study derives from the original theory. As a result, hypothesis as an adaptation of the original theory (ECT-

L2A) is more in the spirit of prediction as opposed to the real theoretical hypothesis.  
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Hypothesis 2 (H2). The variability in GJT explained by aptitude will decrease as GJT 

increases. This is because as r gets smaller, the influence of aptitude Λ is overshadowed 

by the role played by L1-T1 deviance.  

Hypothesis 3 (H3). Different elements of grammar will show different correlations with 

aptitude; not all structures are equally sensitive to the effect of aptitude.  

 

Research Question 2 (R2). What is the relationship between motivation and language learning 

outcome? Specifically, how does motivation change with increase in learning outcome at the 

population level and what is their relationship like from a pseudo-longitudinal perspective?  

Hypothesis 4 (H4). Overall, the participants in this study will show a negative correlation 

between performance on GJT and motivation since motivation ζ(r) diminishes as r → 0. 

However, motivation may increase and show positive correlation for beginners due to the 

effect of potential energy − 
ρ

r
 on the conservation of total energy.  

Hypothesis 5 (H5). The variability in GJT explained by motivation will decrease as GJT 

increases. This is because as r gets smaller, the influence of ζ(r) is overshadowed by the 

role played by L1-TL deviance.  

Hypothesis 6 (H6). Different components of motivation will show different correlations 

with GJT; not all structures are equally sensitive to the effect of motivation. 

 

Research Question 3 (R3). What is the relationship between the combined effects of aptitude and 

motivation on language learning outcome?  
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Hypothesis 7 (H7). The combined effect of motivation and aptitude will have a positive 

relationship with GJT, per ζ(r) + Λ. However, with increasing GJT, ζ(r) + Λ (kinetic 

energy) will decrease due to the decrease in ζ(r) (motivation) caused by L1-TL deviance.  

 

  Hypotheses 1 and 2 pertain to predictions made by ECT-L2A on aptitude. Hypotheses 4, 

and 5 are based on predictions about motivation. Hypothesis 7 is a prediction about kinetic 

energy in ECT-L2A. For hypotheses 3 and 6, their purpose was to explore whether different 

elements of motivation and aptitude interact with GJT differently. In sum, the aim of hypotheses 

1, 2, 4, 5, and 7 is to confirm ECT-L2A predictions while hypotheses 3 and 6 are exploratory. 

However, for hypotheses 3 and 6, ECT-L2A model was fit for all rule types and all motivation 

types to explore the universality of ECT-L2A model at the smaller units of aptitude and 

motivation constructs.  

 

3.3 Method  

 The current study was a large scale, cross-sectional study (N=203). The data collection 

involved one specific point in time for all participants that met the inclusion criteria. Various 

proficiency levels were sampled in order to compare different ability levels along the 

developmental trajectory as a pseudo-longitudinal study. All participants were subject to a 

background survey, an aptitude test, a motivation questionnaire, a timed GJT test and an exit 

survey. The data was analyzed using descriptive and inferential statistical methods.      

 

3.3.1 Participants 
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A total of four hundred and one (N=401) volunteers signed the informed consent to 

participate in the study. Two hundred and three (N=203) adult English learners (L1 Spanish) 

were selected based on specific selection criteria. There were three inclusion criteria for selection 

based on the study’s domain of generalizability. First, English was the participants’ second 

language because the domain to generalize was for second language acquisition. Second, the 

participants’ first language was Spanish because the study aimed to control for the effect of the 

participants’ first language by only sampling from the same L1 population. The third 

desideratum was age of arrival (AOA) after twelve in order to eliminate the risk of confounding 

age effect (critical period hypothesis) with performance on GJT.  

There were 121 females (60%) and 82 males (40%). The average age of participants was 

30 years and it ranged from the youngest of 20 years to the oldest of 66 years. There were 18 

nationalities represented in the sample: Argentina (15), Bolivia (2), Chile (9), Columbia (61), 

Costa Rica (1), Cuba (2), Dominican Republic (3), Ecuador (3), El Salvador (2), Guatemala (1), 

Honduras (1), Mexico (49), Panama (1), Peru (5), Puerto Rico (3), Spain (5), Uruguay (2), and 

Venezuela (38). The largest proportion of nationalities represented was Columbia (33%), 

followed by Mexico (24%) and Venezuela (19%). The educational background of the 

participants was the following: 10 had post graduate degrees; 120 had either a 2-year or a 4-year 

college degree; 23 identified as having some college education; 43 only had a high school 

degree; and 7 had only a middle school education. Overall, 75% of participants reported having 

some level of postsecondary education. The average age of arrival in United States was 26 years 

and it ranged from the youngest of 15 years to the oldest of 61 years. Lastly, the average length 

of studying English was 3.4 years and it ranged from 0 to 26 years. A summary of participants’ 

age, age of arrival (AOA) and length of study (LOS) is given in Table 7.  
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Table 7: Summary of Participants’ Age, AOA, and LOS 

 Min Median Mean Max SD 

Age 20 27 30 66 8.28 

Age of Arrival 15 25 26.24 61 8.17 

Length of Studying English 0 2 3.366 26 4.22 

Note. All values were recorded as number of years. 

 

3.3.2 Instruments 

Measure of aptitude. LLAMA is a free aptitude test that is available to researchers, and its 

popularity has been increasing in recent years due to its accessibility (Rogers et al., 2017). The 

LLAMA18 test is comprised of four subtests (called LLAMA_B, LLAMA_D LLAMA_E and 

LLAMA_F) that measure phonetic coding ability, grammar sensitivity, rote learning ability and 

inductive learning ability. For the current study, LLAMA_F was used to measure language 

analytic ability of the participants. First, the examinees were given a series of pictures with a 

short sentence in an artificial language that described each picture. There were 20 images in total 

and participants had 15 seconds to study the unknown language that described each image 

(Figure 6) for a total of five minutes. Then they were asked to match new picture prompts with 

sentences in the artificial language that correctly described them (Figure 7). The participants had 

unlimited time to finish the test but their response time for each item was recorded. Full 

instruction on LLAMA_F can be found in Appendix A. 

 

 
18 In the current version of the LLAMA test, there is no LLAMA_A or LLAMA_C subtests.  
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Figure 6: Screenshot of Online LLAMA_F 

Grammar Learning 

Figure 7: Screenshot of Online LLAMA_F 

Test 

The choice of LLAMA as a measure of aptitude was justified based on the demographics 

of the participants and the psychometric properties of the test. The participants in the study were 

ESL students with a diverse range of educational background, age and gender. LLAMA fit the 

bill as the most appropriate aptitude test in this regard. While most aptitude tests such as MLAT, 

PLAB, DLAB, CANAL-F, and Hi-LAB were designed for test takers whose L1 is English, 

LLAMA is a language-neutral test which allows its participants to have any L1 background 

(Meara, 2005). In addition, studies on the properties of LLAMA have demonstrated that the test 

scores were robust, meaning that they were not subject to significant external factors or 

individual variables that would influence their results. It was confirmed through reliabilty studies 

that LLAMA was indeed language neutral, as the test did not favor any particular language 

group, namely Roman scripted or alphabetic languages which was the basis of the artificial 

language used in LLAMA. Furthermore, differences in gender, age, highest formal level of 

education or logic training19 did not bias the overall variance in LLAMA scores in favor of those 

 
19 For example, this meant playing chess or sudoku since some studies suggest a link between IQ and FL aptitude 

(Li, 2015).  
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differences (Rogers et al., 2017). LLAMA was based on the components of Carroll and Sapon’s 

MLAT which have been shown to have high predictive validity on L2 achievement (Sasaki, 

2012; Li, 2015; Li, 2016). In 2013, exploratory validation study of LLAMA conducted by 

Granena using 186 participants yielded acceptable reliability and internal consistency coefficient 

of 0.80. A correlational analysis between LLAMA and L2 proficiency was reported to be 

significant (r=0.39, p=0.001), and language analytic abilities as measured by LLAMA_F was 

shown to have significant impact on learners at all levels of proficiency (Artieda & Munoz, 

2016).  

It may be recalled that the overarching purpose of the study was to ascertain the 

relationship between participants’ morphosyntactic knowledge and two of ID factors, motivation 

and aptitude. For aptitude, only LLAMA_F, which measures grammatical inferencing, was used. 

There were two main reasons for this selection. First, the pilot study revealed that the best 

correlate of performance on GJT was LLAMA_F (r=0.414, p=0.001), no other subtests had a 

higher correlation that surpassed LLAMA_F (Kim, 2019). Second, fMRI imaging studies on 

cortical thickness of Broca’s area believed to be responsible for grammatical inferencing 

correlated positively with LLAMA_F (r=0.65, p=0.02). Specifically, cortical thickness in left 

IFG pars triangularis (LIFGpt) part of Broca’s area and left medial superior frontal 

gyrus (LMFG) correlated with the ease with which a person can identify grammatical form-

meaning patterns in a foreign language as measured in the LLAMA_F test. No other subtests of 

LLAMA were found to have significant correlation between cortical thickness and the subtest 

scores (Novén et al., 2018). One drawback to using LLAMA_F was reportedly its low reliability. 

The internal consistency (Cronbach’s alpha) of LLAMA_F based on a performance sample of 74 
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participants was α = .60 (Granena, 2013).20 In a separate study with 135 college-level students, 

Cronbach’s alpha was .66 (Granena, 2019). Therefore, in order to mitigate the effect of low 

reliabilty, dis-attenuated correlations were estimated in the analysis21 (see section 3.3.2 General 

Method of Analysis).   

 

Measure of motivation. In ECT-L2A, motivation is expected to have positive contribution to 

one’s L2 development and their ultimate attainment. However, motivation surveys based on 

disparate theoretical frameworks do not always incorporate the predictive validity of their 

framework as discussed in chapter 2. For this reason, Gardner’s Attitude/Motivation Test Battery 

(AMTB) based on Gardner’s socio-educational model was used to measure the participants’ 

motivation. Gardner’s model predicts that by and large motivation is positively correlated with 

L2 achievement, which has been supported by empirical studies. For instance, Gardner’s AMTB 

has shown overall correlation from .08 (for instrumental orientation and objective measures of 

achievement) to .39 (between motivation and self-ratings of achievement) based on a meta-

analysis involving 10,489 participants (Masgoret & Gardner, 2003). AMTB has also been 

thoroughly validated for its content and construct (both convergent and discriminant) as well as 

internal reliability with the reported median Cronbach alpha coefficient of .85 (for a full report 

see, Gardner & Smythe, 1981).  

The present study employed sections of AMTB that measured three major constructs of 

motivation, integrativeness, and instrumentality. They were further divided into six components 

of (1) interest in foreign language, (2) motivational intensity, (3) attitudes toward learning, (4) 

 
20 Cronbach alpha exceeding .7 is considered acceptable and above .8 is considered good. (Tavakol & Dennick, 

2011). 
21 According to Merea (personal communication, November 16, 2021), a newer version of LLAMA is coming out 

which overcomes the limitations of low reliability.  
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integrative orientation, (5) desire to learn English, and (6) instrumental orientation (Table 8). 

Each item asked the participants to rate how much they agreed with a statement that expressed 

various opinions about learning English. The items were rated on a 6-point Likert scale that 

ranged from “strongly disagree” to “strongly agree” (see Figure 8). In addition to 49 items 

concerning motivation, the questionnaire included 7 items that measured the learner’s immersion 

and use of English. These items asked about how much English was used in their daily lives. 

Rating on these items was also based on a 6-point Likert scale ranging from “always” to “never” 

(see Appendix B for details).  

 

  Table 8: AMTB Constructs and Their Components 

Constructs Components 

Motivation Motivational Intensity (10 items) 

Desire to learn the language (10 items) 

Attitudes toward learning (10 items) 

Integrativeness Integrative orientation (4 items) 

Interest in foreign languages (10 items) 

Instrumentality Instrumental orientation (4 items) 
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Figure 8: Screenshot of Online Motivation Survey 

 

Measure of L2 attainment. A grammaticality judgement test (GJT) was used to measure the 

participants’ morphosyntactic22 knowledge of English. GJT has been a standard instrument for 

measuring L2 learner’s grammatical intuition, morphosyntactic knowledge and processing ability 

in SLA research. There are two general ways in which GJTs are administered: timed versus 

untimed. In a timed GJT, test-takers are given a strict time limit to determine whether each item 

is grammatical. For example, in DeKeyser (2000), each item of the GJT was read twice in a row 

with a 3-second interval between repetition and a 6-second interval between, giving the 

participants a total of 9 seconds to respond. By virtue of the time pressure, such GJTs are meant 

to elicit implicit knowledge and automaticity. Untimed GJTs cannot be said to tap into the same 

constructs because the test-takers have the option to take as long as they want to deliberately 

 
22 While GJT is a common measure of morphosyntactic knowledge in L2 research, it admittedly provides a limited 

window on the scope of such knowledge.   
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process the given sentence through careful analysis and use of explicit knowledge (Vafaee et al., 

2017). When measuring grammatical proficiency, the importance of processing speed and 

automaticity cannot be ignored. L2 learners’ progression towards native-like competence is not 

only evident in increased accuracy but also increased fluency, including L2 input processing 

speed (Gass, 1997; VanPatten, 1996), the latter often ignored in studies on L2 ultimate 

attainment (Hui & Godfroid, 2021; Vafaee & Suzuki, 2020). In the current study, participants’ 

reaction time to the items in a timed GJT was tracked and used to calibrate their morphosyntactic 

attainment (see section 3.4.1).  

Timed GJTs are the preferred instruments used to assess learner’s ultimate attainment of 

the target language grammar as well as their developing L2 proficiency (e.g., Abrahamsson & 

Hyltenstam, 2008; Birdsong, 1992; Schmid et al., 2014; Tsimpli et al., 2004; White & Genesee, 

1996). However, in recent years there has been some controversy surrounding the validity of 

GJT and what they actually measure. Studies using factor analysis demonstrated that timed GJT 

loads onto implicit knowledge factor while untimed GJT loads onto explicit knowledge factor 

(Bowles, 2011; Ellis & Loewen, 2007). Gutiérrez (2013), on the other hand, claimed that 

regardless of whether GJT is timed or untimed, grammatical items measure test-taker’s implicit 

knowledge whereas ungrammatical items measure their explicit knowledge. Lately, the claim 

that GJT measures both explicit and implicit knowledge has been challenged as studies by Ellis 

and Loewen (2007) and Bowles (2011) were heavily criticized for inappropriate use of factor 

analysis. Revalidation of GJT through confirmatory factor analysis concluded that GJTs are too 

coarse to be measures of implicit knowledge, and they are closer to measures of explicit than 

implicit knowledge (Vafaee et al., 2017).  
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Recent view on GJT has accordingly shifted and they are now considered form-focused 

tasks that are designed to tap into mainly automatized explicit knowledge rather than implicit and 

explicit knowledge of the target language grammar (Suzuki & DeKeyser, 2017). During the test, 

GJT directs the test-taker’s attention to linguistic forms but grammaticality is judged under a 

time constraint which requires fast processing from the test-takers. As a result, automatized 

explicit knowledge is required during timed GJT which involves conscious and rapid access to 

target linguistic forms (DeKeyser, 2003). While the focus of this dissertation was not to 

contribute to the ongoing debate on explicit versus implicit aspect of language acquisition, 

validity of GJT as a measure of explicit knowledge corresponds with what has been reviewed 

about aptitude. As previously discussed, measure of aptitude – specifically language analysis 

abilities – points to explicit and conscious reflection of grammatical structure during acquisition. 

In this study, measures of aptitude and L2 learning outcome were aligned as they both related to 

some form and level of explicit knowledge of the TL while also accounting for automaticity and 

processing speed.  

For the present study, DeKeyser’s (2000) GJT was used which was adapted from Johnson 

and Newport’s 1989 study. This allowed the results of the current study to be compared with 

other GJT studies such as DeKeyser’s (2000) findings. The GJT was comprised of 11 major 

categories of morphology and syntax, listed in Table 9 below.  

Table 9: Rules types measured in GJT 

11 Rule Types Tested in Grammaticality Judgment Test 

Past tense Yes-no questions  

Plural  Wh-questions  

Third-person singular  Word order  

Present progressive  Particle movement  

Determiners 

Pronominalization 

Subcategorization 
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There were exactly 100 grammatical and 100 ungrammatical items. In the original study, 

DeKeyser (2000) reported reliability coefficient of .91 for grammatical items and .97 for 

ungrammatical items on his instrument. Sentences were constructed with high frequency words 

of one or two syllables in length, and only one violation of rule type was tested in 

ungrammatical/grammatical pairs. For example, past tense marking omitted in obligatory context 

had the following construction: 

 

Sandy fill a jar with cookies last night.* 

Sandy filled a jar with cookies last night. 

 

All items were randomized in order to ensure that they did not appear consecutively as a paired 

set of the same rule type. Scoring was done dichotomously with a point value of 0 for the wrong 

answer and 1 for the correct answer. The raw score for each participant was calculated as the 

total number of correctly marked items. The maximum total point possible was 200.  

 

 

Figure 9: Screenshot of online GJT 
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The GJT used in this study was meant to estimate the learner’s proximity to the native-

likeness of the TL English. As previously reviewed, TL native-likeness was defined according to 

Hulstijn’s (2018) basic language cognition (BLC) theory. DeKeyser’s GJT fit the criteria as an 

appropriate measure of L2 learners’ BLC and subsequently, their level of attainment relative to 

TL native-likeness for two reasons. First, the eleven rules tested represent a wide variety of the 

most basic aspects of English sentence structure and lexicon that are expected to be recognized 

by all native speakers. Second, the GJT used by Johnson and Newport’s (1989) study – which 

the current instrument is based on – was found to be easy by native speakers who took the test. 

According to Johnson and Newport’s (1989) study, native speakers scored a mean of 97% which 

was equivalent to a score of 194.78 or better on the instrument. Moreover, virtually perfect 

performance was shown on the same tasks by 6- and 7-year old native speakers (Johnson & 

Newport, 1989). These findings suggest that DeKeyser’s GJT is a suitable measure of L2 

learners’ BLC that is indeed basic and commonly shared by native speakers who are as young as 

6 years old. (for full details on GJT, refer to Appendix C).  

Background questionnaire. A background survey was used to obtain demographic information 

on the participants such as age, gender, and nationality. Pertinent information directly related to 

the design of the study included first language of the participants, years spent on learning English 

in a formal setting, age of arrival, and length of residence (see Appendix D for details). The 

aptitude test, motivation survey, and background questionnaire were all translated to Spanish. 

Directions for each instrument was also written in Spanish.  

 

3.3.3 Procedure  
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Due to COVID-19 restrictions on person-to-person contact meetings, data collection 

procedures for the current study were carried out online, remotely. Recruitment and 

administration of instruments were carried out through personal email communications with the 

participants. From January to April 2021, volunteers were recruited to participate in a study 

called “Research Study on Language Aptitude and Motivation” through e-flyers, emails, 

announcements on social media and classified advertisement on websites such as Craigslist. 

Participants who successfully completed all instruments received a compensation of 10 U.S. 

dollars in Amazon e-gift card, and they were asked to fill out an exit survey. Automated email 

delivery system was not used during data collection. Every participant in the study was 

communicated personally throughout the entire process from recruitment to the completion of 

the study. A brief outline of the data collection procedure is displayed below (Figure 10).  

 

Figure 10. Data Collection Procedure 

All participants took a brief background survey, motivation survey, LLAMA_F aptitude test and 

timed grammaticality judgement test (GJT). After signing the informed consent, the participants 

filled out the background survey. Participants that met the selection criteria were invited to move 

forward with online tests. Those who did not meet the section criteria were notified of their 

ineligibility, and they were excluded from the dataset. The selected participants then took the 

AMTB motivation survey. They had as much time as they needed to read and answer the Likert 

scale items. The expected time to complete the survey was about 20 minutes. Next, the online 

version of LLAMA_F test was administered. Instructions included a sample item that 

Informed 
Consent

Background 
Survey

Motivation 
Survey (AMTB)

Aptitude 
Test 

(LLAMA_F)
GJT

Exit 
Survey
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demonstrated the objective of the task. During the test, the participants had five minutes to try to 

decipher the grammar of an artificial language presented to them. After five minutes, participants 

were given as much time as they needed to take the LLAMA_F test, but they were timed on each 

item. The test required participants to match the picture with the correct sentence in an artificial 

language. There were 20 items in the LLAMA_F test, and the expected time to finish was about 

30 minutes. Lastly, the grammaticality judgment test was administered. The items on the GJT 

were voice-recorded by an automated software with a native speaker accent. About half of the 

items were recorded by a female voice and the other half was recorded by a male voice. The 

participants had as much time as they needed to take the test, but their response time on each 

item was recorded in seconds. The test was expected to take about 75-90 minutes.  

The following general instructions were given in Spanish (translated to English below) to 

the participants of the study for all three instruments of motivation, aptitude, and GJT.23  

 

You do not have to do all the tests in one day. Please make sure that you are not too tired 

and please answer all questions honestly. For aptitude and grammar tests please try your 

best and do not guess. Once you start the test, try to finish it the first time. Do not stop to 

rest between questions.  

 

Please do not share your answers with anyone else. Also, please do your best on each test 

and do not rush to finish the test. You will be not be paid if there is evidence of cheating 

or if there is evidence that you did not make any effort. 

 

 
23 Specific instructions for each test are provided in the appendices A, B, and C. 
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The advantages of remote data collection were the convenience and the flexibility of taking 

online tests that afforded greater availability for the participants. While the remote testing of 

instruments allowed for faster and wider reach in terms of recruitment, a meticulous and 

thorough screening process was needed in order to ensure that the participants met the selection 

criteria and that they were giving their best and honest effort to answer each item correctly. The 

first selection process occurred after their background surveys were submitted. All those who 

indicated that they were either born in US, came to US under the age of 12, or indicated that their 

first language was not Spanish were told that they did not qualify for the study. One major 

disadvantage of remote data collection was that the principal researcher could not interact with 

the participants in person while the instruments were being administered. In order to ensure that 

the participants in the study were trying their best, a second selection criterion was applied to 

eliminate scores that indicated lack of effort or cheating. Score patterns on LLAMA_F that 

showed signs of guessing, lack of effort or unusually high scores were eliminated from the 

database. Lack of effort or guessing was identified as rushing through each item without taking 

the time to read the question and the choices. This was determined by examining the timestamp 

on each item. For the LLAMA_F test, if the participant had spent on average less than 5 seconds 

on each item, they were eliminated from the dataset. It was assumed that the process of reading 

an item and considering the answer choices would reasonably take at least 5 seconds. Similarly, 

scores of 15 or higher on the raw score with less than 5 seconds per item were flagged and 

eliminated from the dataset. These participants were not invited back to proceed to the GJT 

phase. The two selection criteria based on the results of the demographic survey and score/time 

patterns for lack of effort or cheating led to removing 198 volunteers from the initial pool of 401 

consenting subjects. This resulted in the final sample size of 203 participants.  
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3.4 Data Analysis 

Scoring of each instrument and the general method of analysis are discussed below. 

There were two major statistical methods used to analyze the data: correlational analysis and 

orthogonal distance regression. The rationale behind each method and how the scores were 

transformed to represent key variables in ECT-L2A are discussed.  

 

3.4.1 Scoring 

Qualtrics XM platform was used to create AMTB, LLAMA_F and the GJT. Qualtrics 

allows the participants’ responses to be scored automatically based on an answer key provided 

by the test creator. As a result, a second human scorer was not needed to establish inter-rater 

reliabilty because scoring was not done manually. However, in order to ensure that the answer 

key had been entered correctly, a random sample of responses were manually verified by the 

principal researcher.  

AMTB was scored as a tally of its components of attitude and motivation by adding the 

Likert scale ratings for each item. Numerically, 6 points were assigned to “strongly agree”; 5 for 

“moderately agree”; 4 for “slightly agree”; 3 for “slightly disagree”; 2 for “moderately disagree”; 

and 1 for “strongly disagree” for positively worded items. For negatively worded items, the 

numeric scoring was reserved. Daily English use was likewise scored as 6; “always” as 5; “very 

frequently” as 4; “sometimes” as 3; “rarely” as 2; “very rarely”, and “never” as 1. According to 

AMTB, motivation is defined by three components of motivational intensity (10 items), desire to 

learn the language (10 items) and attitude towards learning (10 items). Therefore, motivation was 

estimated by aggregating the Likert rating scores of these 30 items.  
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For GJT and LLAMA_F, speed (response time) and accuracy were combined into a 

single holistic score. This was done in order to account for the participants’ knowledge and 

processing speed. Although the conventional operationalization of timed GJTs with a pre-

determined time limit is often employed to account for learners’ automatization of 

morphosyntactic knowledge, such design is not without a few notable drawbacks. First, it is 

rather arbitrary to determine how much time in seconds should be allotted such that implicit, not 

explicit, knowledge was elicited. Second, although the GJT items are fairly easy for native 

speakers to respond to within the allotted time (Johnson & Newport, 1989), for L2 learners, the 

test becomes a speeded test in which they do not have enough time to finish all the items. This 

may have the unintended consequence of forcing the non-native speakers to guess on items when 

there is not enough time to fully process the sentence and render their judgment on its 

grammaticality (Bandalos, 2018). Guessing on items introduces noise to the data, lowers the 

instrument’s reliabilty and negatively influences score interpretation (Attali, 2005). The concern 

for the need to track participants’ processing time also extends to measuring aptitude (see 

Chapter 2 for a review). In the current study, these two drawbacks were addressed by recording 

the participant’s reaction time to each item without a time limit. They were also encouraged to 

avoid guessing by choosing the “I don’t know” option if they did not know the answer.  

By combining speed and accuracy, distinctions among learners’ abilities were made not 

only on the number of correctly responded items but also on how quickly they responded. 

Identical raw scores do not represent identical ability when, for example, one participant takes 

twice as long as the other to get the same score. In order to compensate for this oversight, 

response time for each item was combined with the raw score. This was accomplished by 

calculating Rate Correct Score or RCS, defined as the following:  



 

  106 

 

 

 𝑅𝐶𝑆 =  
𝑐

∑ 𝑅𝑇
     (10) 

 

In the formula above, c is the number of correct responses scored dichotomously as 0 or 1 for 

each item on the test. In the case of GJT, a single tally was recorded with a possible range of 0-

200. The denominator is the sum of all reaction times (RT) in the set of trials under consideration 

(Woltz & Was, 2006). For example, a participant with a raw GJT score of 160 with a total 

reaction time of 1920 seconds equals RCS of 0.08333. This can be interpreted as the number of 

correct responses per second, or equivalently understood as 8.333 items correct per 100 seconds 

of cognitive engagement. In a similar fashion, LLAMA_F was also dichotomously scored as 0 

for incorrect and 1 for correctly answered item. The raw score ranged from 0-20. Once again, 

using the RCS formula, LLAMA_F raw scores were converted to reflect the rate of correct 

responses per second by dividing the total score by the total reaction time. By using RCS in the 

study, the two dimensions of speed and accuracy were given equal weight. RCS, therefore, sheds 

light on both the level of morphosyntactic knowledge and the retrieval speed or automaticity. 

Similarly, when aptitude was measured by RCS, both the processing speed and the ability to 

infer grammatical rules were given equal importance.  

 

3.4.2 General Method of Analysis 

The data was first analyzed with descriptive statistics: mean, median, min, max, and 

standard deviations of aptitude, motivation, GJT and two key demographic variables of age of 

arrival, and length of study. Classic test theory (CTT) measure of reliabilty, namely internal 

consistency as measured by coefficient alpha, was calculated for three major instruments of 
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motivation, aptitude and GJT. To test the correlational relationship between GJT and aptitude 

and between GJT and motivation, three different types of correlations were analyzed. First, 

Pearson product-moment correlation (PPMC), which measures the direction and strength of 

linear relationship between two variables measured on interval or ratio scale, was performed on 

GJT with LLAMA_F then GJT with motivation. Next, a partial correlation was performed 

controlling for the effect of age of arrival and length of English study. A partial correlation 

removes the confounding effect of a set of controlling random variables (Baba et al., 2004). 

Lastly, according to Bandalos (2018) the correlational relationship between two variables will be 

attenuated to the extent that both instruments are not measuring reliably. Because correlation 

between two scores are restricted by their reliabilities, correction for attenuation (or dis-

attenuated correlation) was used to estimates how well the given instrument would predict the 

criterion score in spite of having less than perfect reliability (for more details refer to Bandalos, 

2018). Based on the reliabilities obtained from the current study, dis-attenuated correlations were 

calculated for aptitude, motivation and GJT.  

The variability in GJT explained by independent variables of aptitude and motivation was 

investigated by computing R2 (coefficient of determination) – the proportion of variance in the 

dependent variable (GJT) that is predicted or explained by the independent variable. This was 

accomplished by noting the changes in variability and R2 among three major proficiency groups: 

first quartile group (lowest 25% on GJT) interquartile group (middle 50% on GJT) and fourth 

quartile group (the highest 25%) based on GJT scores labeled as low, intermediate and advanced, 

respectively. In addition to splitting the data into three major sets, the data was split into 50 

overlapping subsets, ordered from the highest GJT score to the lowest. The 50 subset groups’ 

coefficients of determination were then plotted in order to visualize the overall trajectory of 
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changes in variability in GJT explained by the independent variables. For the test of hypothesis 3 

and 6 in which componential relationships are examined, correlation between GJT and 11 rule 

types were calculated and compared for analysis, followed by correlations between GJT and 

motivation components according to AMTB.  

Finally, for the test of hypothesis 7, aptitude and motivation scores were summed to 

create an estimate of the participants’ kinetic energy. Adding two different variables (aptitude 

and motivation) measured in different scales requires feature scaling in which both independent 

variables are on equivalent scales (Chow et al., 2010). There are two general approaches to 

feature scaling: 1) normalization and 2) standardization (or z-score). In the current study, 

normalization was chosen instead of standardization because standardization or mean-centering 

results in negative values. Motivation, aptitude and attainment values cannot be negative in ECT-

L2A formula. A min-max normalization (Equation 11) rescaled the data to values between 0 and 

1. Each value was subtracted from its minimum then divided by the difference of maximum and 

minimum scores. For example, the following formula normalized aptitude:  

 

       Λ(normalized) = (
Λ−Λ(min)

Λ(max)−Λ(min)
)      (11) 

 

Aptitude and motivation scores were normalized before the two values were added to create a 

new variable, kinetic energy. Kinetic energy was subsequently correlated with GJT, and a plot of 

kinetic energy by GJT was produced. RStudio (Version 1.1.463) was used for data analysis 

including descriptive and inferential statistics and data visualization.  

 

3.4.3 Orthogonal Distance Regression  
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One major drawback to correlational analysis is its underlying assumption of linearity. 

According to ECT-L2A the relationship between aptitude, motivation and attainment follow 

nonlinear curves as expressed by ∈ =  ζ(r) +  Λ + 
η2

𝑟2 − 
ρ

𝑟
. Attainment is described by its 

asymptotic curvilinear relationship with individual difference variables. To directly test the 

validity of ECT-L2A formula, a regression model expressed as Equation 4 was used to fit the 

data. However, modeling ECT-L2A presents a difficult challenge using classical regression 

methods because the asymptotic relationships are vertical (parallel to the y-axis) as can be seen 

in Figure 5 when attainment is on the x-axis as r, the distance away from nativelikeness. Instead 

of using linear regression with ordinary least squares (OLS) method, orthogonal distance 

regression via total least squares (TLS) was used to fit the hypothesized models to the data. The 

primary reason for this was that in OLS, the square residuals are minimized vertically on the y-

axis or parallel to it. In the conventional regression method of OLS, least square fit is not defined 

for a vertical asymptote because the error term for each point (xi, yi) are measured as the 

difference in 𝑦 i – 𝑦 ̂. A sharp vertical asymptote or a straight vertical line thus results in a poor 

regression model due to fitting a line that minimizes the vertical offset, i.e., squared distances 

between observed values 𝑦 and predicted values 𝑦 ̂. On the other hand, orthogonal distance 

regression (also known as errors-in-variables modeling or Deming regression) minimizes the 

sum of squared orthogonal residuals. The method is based on finding points on fitted curve 

orthogonal to the data by minimizing the Euclidean distance  to each point (xi, yi) on the 

line. In short, orthogonal regression uses total least-squares to account for errors in both the 

response variable and the explanatory variables (Markovsky & Van Huffel, 2007). Beyond this 

description, more technical details are outside the scope of the current study (see Markovsky & 

Van Huffel 2007 for an excellent overview of total least-squares methods).  
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 Without going into more technical details, there are three important aspects about the 

total least-squares applied in this study that is worth mentioning. First, using this method requires 

a model without an intercept. In general, removing the intercept in regression analysis is 

considered a bad practice unless the researcher is certain that for theoretical reasons, the model is 

forced to go through the origin. Often the solution is to simply mean center the variables but, in 

this study, this was not possible because mean centering would create negative24 values, in which 

case the ECT-L2A equation does not hold. That said, according to ECT-L2A, it is in fact, 

theoretically justified to force the intercept to be zero because when aptitude or motivation is 

zero, attainment must be zero. The most basic conditions for learning are aptitude, motivation, 

and input to be at some positive values above zero and if any of those terms are zero, attainment 

should be nonexistent (see Chapter 2 for details).  

Second, one major drawback to total least squares method is that unlike correlation or 

OLS regression, it is not scale invariant. This means that the scales in which variables are 

measured matters and different scales can lead to different model solutions. In order to remedy 

the scale invariancy, motivation, aptitude, and attainment scores were all transformed through 

min-max normalization. Consequently, all variables in the orthogonal regression model were 

converted to reflect the same scale ranging from 0 to 1.  

Third, bootstrapping method was used to estimate standard errors and confidence 

intervals for p-value hypothesis test of significance. Bootstrapping performs well without the 

need for assumptions such as normality as long as the sample size is not too small. Due to 

concerns that variables in the study violated assumptions of normality and homoscedasticity (see 

 
24 Negative values are also theoretically nonsensical: one cannot have negative aptitude, negative motivation or 

negative attainment.  
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section 4.1), a robust method of parameter estimate was sought. Bootstrap methods have been 

shown to be robust against such violations (Cribari-Neto & Zarkos, 1999; Pek et al., 2018).    

 

3.4.4 Mapping Instruments to Variables  

Throughout the analysis, Equation 4 and 6 are frequently revisited in order to interpret 

the results under the ECT-L2A framework. They are reproduced below:  

Equation 4:  ∈ =  ζ(r) +  Λ + 
η2

𝑟2 − 
ρ

𝑟
 and Equation 6:  𝑟0 =  

2η 2

ρ + √4ε η2+ρ2
 

In this study, aptitude, motivation, and attainment were measured by instruments LLAMA_F, 

AMTB and timed GJT, respectively. Mapping the instruments to their respective variables in 

ECT-L2A meant the following substitutions: rate correct score of LLAMA_F (LLAMA_F RCS) 

substitutes for Λ; motivation scores from AMTB stands for ζ(r) and rate correct score of GJT 

(GJT_RCS) proxies as an estimate of attainment. However, it is important to note a significant 

distinction between how attainment is expressed in ECT-L2A compared to the conventional way 

scores are expressed as measures of attainment. In ECT-L2A, r is the distance away from 

nativelikeness which implies increase in attainment as decrease in r and vice versa. Conventional 

scoring, on the other hand, involves proportional relationship between score and attainment, 

meaning higher score indicates higher measure of cognitive ability or knowledge of the 

participant. Due to this contrast, in order for GJT scores to stand in for r, (i.e., distance away 

from nativelikeness), the scores had to be transformed to reflect smaller values as having greater 

attainment and larger values as having lower attainment even though this may seem 

counterintuitive. This transformation was done by simply converting GJT_RCS to its inverse, 

GJT_RCS-1. Thus, r = GJT_RCS-1 and conversely r-1 = GJT_RCS. This conversion as opposed to 

another (e.g., multiplication by a negative) was justified because solving for r in Equation 4 
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reproduces Equation 6 when r is its inverse.25 Lastly, because the focus of this study was on 

aptitude and motivation, input ρ and L1-TL distance η were not taken into consideration and 

their effects on attainment as expressed by Equation 4 was beyond the scope of this study. Still, 

meaningful validation of ECT-L2A was achieved without directly accounting for these factors.   

Below is a summary of each score conversion for the main variables of interest in the study.  

1) Aptitude → LLAMA_F total score/ total reaction time = LLAMA_RCS (Rate Correct 

Score) → min max normalization = LLAMA_RCS normalized score.  

2) Motivation → AMTB motivation total score → min max normalization = motivation 

normalized score.  

3) Attainment → GJT total score/ total reaction time = GJT_RCS (Rate Correct Score) → 

min max normalization = GJT_RCS normalized score  

a. GJT_RCS (Rate Correct Score) → inversion of GJT_RCS → min max 

normalization = distance away from nativelikeness (r) 

4) Kinetic energy → LLAMA_RCS normalized score + motivation normalized score = 

kinetic energy total score → min max normalization = kinetic energy normalized.  

 

 

 

 

 

 
25 This can be easily shown by setting r as r−1 and using the quadratic equation to derive Equation 6. 
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Chapter 4: Results 

This chapter reports the results of the current study. First, descriptive statistics for each 

measure of aptitude, motivation and attainment are presented, followed by each instrument’s 

reliability as measured by Cronbach’s alpha. Results of correlation and regression analysis are 

reported for each hypothesis. Specifically, correlations between aptitude, motivation and 

attainment are reported. Then, orthogonal regression fit for ECT-L2A models are described by 

their betas and their statistical significance. For each method of analysis applied (e.g., 

correlations, orthogonal regression), results are discussed with respect to how they support the 

predictions made by ECT-L2A. Lastly, supplementary findings on each of the eleven grammar 

rules and each of the eight components of AMTB are reported. The chapter ends with a summary 

of main findings.  

 

4.1 Descriptive Statistics and Reliabilities 

For descriptive statistics on LLAMA_F and GJT, raw scores (the total number of items 

correct) were reported as “total scores”. The total time spent on the instrument was recorded in 

seconds. Rate correct score (RCS) was reported as the total score divided by the total time. Only 

the raw scores were reported for AMTB and its subsections because they were not timed. For 

results on orthogonal regression, RCS scores for LLAMA_F and GJT were normalized to reflect 

values from 0 to 1. Likewise, motivation scores were normalized.  

Table 10: LLAMA_F Descriptive Statistics  

 Min Mean Max SD Skewness Kurtosis 

Total Score 3 14.58 20 3.04 -0.57 3.39 

Total Time 93.87 355.3 3425.94 346.05 3.89 27.60 

Rate Correct Score 0.0037 0.0677 0.190 0.044 0.85 2.84 

RCS Normalized 0 0.343 1 0.238 0.85 2.84 

Note. Total score values: 0-20.  
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The mean raw score for LLAMA_F was 14.58 which was equivalent to getting 73% correct out 

of 20 items. The standard deviation was rather large with 3, and on average, it took 17 seconds to 

answer each question. Few participants were able to get the perfect score of 20 which limited the 

upper range with a possible ceiling effect. When the raw score was adjusted for time (RCS), any 

possibility of ceiling effect was eliminated (Table 10).  

 

Figure 11: Histogram of LLAMA_F_RCS 

The distribution of aptitude scores as RCS showed that it was positively skewed. Skewness was 

near 0.84, close to 1.0 (Table 10) and this was visualized in the histogram (Figure 11). In 

general, students performed worse than the average value, indicating that the test was difficult 

when time was considered. This was reflected by the fact that skewness changed signs from 

negative for raw score to positive for RCS.  

Table 11: Motivation Descriptive Statistics  

 Min Mean Max SD Skewness Kurtosis 

Total Score 189 294.2 332 21.67 -1.62 7.22 

Motivation 108 156.5 179 13.41 -1.62 6.31 

Motivation (Normalized) 0 0.762 1 0.188 -1.62 6.31 

Note. Total score values: 0-336 for AMTB and 0-180 for motivation.   
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The total scores for AMTB and motivation showed that participants were highly motivated to 

learn English, each receiving 88% and 87% of the total points respectively. For comparison, an 

apathetic response (neutral for all items) would have resulted in a score of 168 for AMTB and 90 

for motivation. Any scores below those values would have indicated aversion towards learning 

English. The minimum values found in the data showed that even for the lowest scoring 

participant (189 for AMTB and 108 for motivation), they were still positively oriented in 

motivation and attitude towards learning English (Table 11).  

 

Figure 12: Histogram of AMTB 

Motivation and AMTB were negatively skewed (Table 11), meaning that the mass of the 

distribution was concentrated on the right. Most respondents indicated high levels of motivation 

with very few that were below the mean (Figure 12).  

Table 12: GJT Descriptive Statistics  

 Min Mean Max SD Skewness Kurtosis 

Total Score 52 121.1 186 29.11 -0.035 2.23 

Total Time 609.2 2215.1 9088.6 1283 2.07 8.53 

Rate Correct Score 0.011 0.069 0.252 0.036 1.28 6.23 

RCS Normalized 0 0.238 1 0.151 1.28 6.23 

Note. Total score values: 0-200.  
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The mean raw score on GJT for all 203 participants was 121.1 or about 60.5%. This was better 

than the expected value of guessing on all items with a 50% probability. However, not one 

participant was able to answer all items correctly or perform at the native-like standard of 97% 

(Table 12). According to Johnson and Newport’s (1989) study, native speakers scored a mean of 

97% which would have been equivalent to a score of 195 or better on the instrument. The highest 

score was 186. This meant that no one was proficient enough to be identified as having native-

like morphosyntactic knowledge.  

 

Figure 13: Histogram of GJT_RCS 

The distribution of GJT_RCS showed that it was positively skewed. Skewness was large and 

over 1.0 and this can also be seen in Figure 13. In general, students performed worse than the 

mean RCS, indicating that the test was difficult when time was considered. This was reflected by 

the fact that skewness changed from a normal skew for raw score to positive skew for RCS.  

Next, reliabilities for all three instruments were calculated with Cronbach’s alpha (Table 13).  

Table 13: Reliabilities of Instruments 

N=203 Number 

of items 

Reliability 

(Coefficient 

Alpha) 



 

  117 

 

LLAMA_F 20 0.622 

GJT 200 0.96 

AMTB 56 0.89 

 

Regarding LLAMA_F, a value of Cronbach’s alpha greater than 0.6 is considered barely 

acceptable according to some researchers (e.g., Griethuijsen et al., 2014; Wim et al, 2008). 

However, others have argued that the acceptable range of alpha begins at 0.7 (Tavakol & 

Dennick, 2011). The value of 0.622 in the current study agrees with the previously reported 

reliability values of LLAMA_F in literature – for example, α = .60 (Granena, 2013) and α = .66 

(Granena, 2019). Nevertheless, 0.622 is considered to be on the low-end of the range in terms of 

what is considered acceptable, and low values of alpha could be due to lack of internal 

consistency (poor inter-connection or relatedness between items), a low number of items, or a 

presence of heterogenous constructs that are not related to each other (Tavakol & Dennick, 

2011). On the other hand, the reliability of GJT was found to be excellent at 0.96 and AMTB 

was also good at 0.89 (Table 13). Due to the low reliabilty of LLAMA_F, dis-attenuated 

correlations were reported in the subsequent analyses.  

A common distributional characteristic of the current study’s dataset was that the three 

key variables of interest (LLAMA_F, Motivation, and GJT) were all heavily skewed in either the 

positive direction (LLAMA_F and GJT) or skewed in the negative direction (AMTB). The test 

of normality via Kolmogorov-Smirnov for all three variables resulted in the rejection of normal 

distribution assumption.26 Although normality of error distribution is one of the principal 

assumptions of regression analysis, this was ignored in the present study because parameter 

estimates were calculated with a nonparametric bootstrapping method (see section 3.4.3).   

 
26 Strictly speaking, it is the residuals that need to be normally distributed.  
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4.2 Preliminary Analysis: Constancy of Aptitude 

In ECT-L2A, aptitude is a constant term that does not change for the individual learner. 

Aptitude influences how well one learns a second language but the process of L2 development is 

not expected to change one’s language aptitude reciprocally. Although this was not the main 

focus of the study, it was nevertheless an important assumption that needed some verification. If 

aptitude does not presumably change as a result of language training, then the relationship 

between aptitude and length of English study should remain constant, a flat horizontal line. 

Indeed, in Figure 14, not enough evidence was found to indicate that aptitude was mutable due to 

L2 experience (length of study).  

 

Figure 14: Scatterplot of Aptitude vs. Length of Study 

The scatterplot between length of study and aptitude did not reveal any trends. The correlation 

was found to be 0.054 (close to zero) and nonsignificant with a high p-value of 0.436.  

 

4.3 Aptitude and Attainment   
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4.3.1 Hypothesis 1  

H1. The participants will show a positive correlation between performance on GJT and aptitude 

since high values of Λ will lead to smaller r and Λ remains constant at the individual level.  

In a population of L2 learners, those with higher aptitude are expected to do better in 

their L2 attainment. Specifically, ECT-L2A predicts the following relationship in a cross-

sectional data of L2 learners. Since 𝑟0 =  
2η 2

ρ + √4ε η2+ρ2
 , substituting GJT_RCS for r-1 results in 

GJT_RCS = 
ρ + √4ε η2+ρ2

2η 2
, in which ignoring the variables of ρ and η, attainment is expected to 

grow at √∈  − Λ or roughly at √ Λ in a sample of population. Although ρ and η have been left 

out, the basic curve in the positive27 range of GJT_RCS does not change. That is, 4η2 (inside the 

radical) and 2η 2 in the denominator change the width of the opening of √ ε , adding ρ2 changes 

the x-intercept, and adding ρ, the y-intercept, but altogether the general shape of the curve 

remains. The positive relationship between aptitude and attainment was corroborated based on 

Table 14 below.  

Table 14. Correlations between LLAMA_F and GJT 

N= 203 Values Sig. R2  

PPMC 0.498** 3.65e-14 0.249 

Partial  0.506** 1.66e-14 0.256 

Dis-attenuated  0.645 NA 0.416 

        Note. *p < 0.05. **p < 0.01. ***p < 0.001 

 

The correlation between aptitude and attainment was estimated to range from 0.498 to 0.645, 

highly significant and accounting for variance in attainment by 25 to 41 percent (Table 14). To 

review, partial correlation controlled for the effects of age of arrival and length of residence in 

 
27 Mathematically, including terms for input and L1-TL deviance allows for negative outcomes; consequently, the 

range is limited for only positive values in L2 attainment as negative numbers are not applicable.  
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US, while dis-attenuated correlation adjusted for the less than perfect reliability of each 

instrument. The correlations between aptitude and attainment for all participants confirmed what 

had been reported in the literature. In general, individuals with higher grammatical inferencing 

abilities or aptitude, performed better at grammaticality judgment tests (L2 attainment), even 

after age of arrival and length of residence were taken into consideration for adult learners past 

the age of puberty. Accounting for these factors and the instrument’s reliabilty increased the 

overall strength of the relationship between aptitude and achievement as expected.  

What is lost in a correlation analysis is a nuanced understanding on the specific rate of 

increase in attainment vis-à-vis aptitude, afforded by the ECT-L2A equation. ECT-L2A predicts 

a square root relationship √ Λ – a specific kind of nonlinear relationship rather than linear – with 

attainment (GJT_RCS) when attainment is scaled in the positive direction. The validity of this 

claim can be tested by fitting an orthogonal regression model in which the dependent variable 

√ Λ is regressed on GJT_RCS.  

Table 15. Regression Results for √ 𝚲 

Predictor Beta SE 

√ Λ 0.446** 0.0201 

Note. *p < 0.05. **p < 0.01. ***p < 0.001 

 

The results of regression analysis confirmed that the square root relationship fit the data with 

statistical significance at 99% confidence interval level (Table 15). This can be seen graphically 

in Figure 15 below.  
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Figure 15: ECT-L2A Regression Model of Aptitude and GJT_RCS 

Equally, the relationship between aptitude and attainment can be viewed from the 

effective potential versus acquisition process r as depicted in Figure 5 (reproduced in Figure 16 

below). The change in effective potential with respect to r as represented in Figure 16 is 

described by the effective potential equation, 
η2

𝑟2 − 
ρ

𝑟
. Aptitude Λ as a cross-sectional variable of 

the sample population should follow the same growth according to ∈  −Λ =  
η2

𝑟2 −  
ρ

𝑟
.  Notice that 

the plot of GJT inverse (r) on the x-axis and LLAMA_F on the y-axis does resemble the curve of 

effective potential on the y-axis and r on the x-axis (Figure 16).  
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Figure 16: Comparison between Effective Potential and Aptitude Score Distribution 

To formally test this relationship, GJT_RCS ≈ √ Λ was converted to Λ =  (GJTRCS)2   

This is equivalent to testing ∈  −Λ =  
η2

𝑟2 − 
ρ

𝑟
 relationship in which all terms except r and Λ 

are left out and r is transformed to its inverse GJT_RCS (normalized). In orthogonal 

regression form this is simply: y =b1x1, where the independent variable is GJT2 and the 

outcome variable is LLAMA_F. The results of orthogonal regression model revealed a 

satisfactory fit, significant at 0.01 level (Table 16).  

Table 16: Regression Results for 𝚲 =  (𝐆𝐉𝐓𝐑𝐂𝐒)𝟐 

Predictor Beta SE 

GJT2 4.403** 0.578 

Note. *p < 0.05. **p < 0.01. ***p < 0.001 

 

Graphically, the fit of ECT-L2A predicted outcome was overlaid with GJT vs aptitude data. The 

curve of the model (Figure 17) supported the acquisition process depicted in Figure 16.  

 



 

  123 

 

 

Figure 17: ECT-L2A Regression Model of Aptitude and GJT_RCS (Inverse) 

Note. GJT_RCS (Inverse) means that the score increases from 1 (min) to 0 (max). 

 

4.3.2 Hypothesis 2 

H2. The variability in GJT explained by aptitude will decrease as GJT increases. This is because 

as r gets smaller, the influence of aptitude Λ is overshadowed by the role played by L1-T1 

deviance.  

Correlation analyses between aptitude and attainment split by first quartile group (low 

proficiency), interquartile group (intermediate proficiency), and fourth quartile (advanced) 

supported the hypothesis.  

Table 17: Aptitude Correlations by Proficiency  

Low (N=51) Values Sig. R2 

PPMC 0.327* 0.018 0.106 

Partial 0.357* 0.011 0.127 

Dis-attenuated 0.424 NA 0.179 

Int (N=101) Values Sig. R2 
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PPMC 0.396** 4.12e-05 0.156 

Partial 0.428** 9.48e-06 0.183 

Dis-attenuated 0.512 NA 0.262 

Adv (N=51) Values Sig. R2 

PPMC 0.068 0.635 0.004 

Partial 0.097 0.506 0.009 

Dis-attenuated 0.088 NA 0.007 

           Note. *p < 0.05. **p < 0.01. ***p < 0.001 

 

The strength of the correlational relationship was significant and strong for the low and 

intermediate groups but dropped below 0.1 and became nonsignificant for the advanced group 

(Table 17). Interestingly, the correlation and its related R2 increased from low to intermediate 

then dropped for the advanced group. The initial increase in correlation followed by a steep 

decline can be explained under the ECT-L2A framework. From a longitudinal perspective, 

Equation 4 implies that as attainment increases, deviation energy overwhelms all other energies 

including kinetic in which aptitude is a component. As the learner gains proficiency in second 

language, the role of aptitude changes relative to effective potential 
η2

𝑟2 − 
ρ

𝑟
.  In fact, the role of 

aptitude increases (note the negative sign in front of potential) but starts to drastically decrease as 

the centrifugal overtakes all other energies. Because the total energy is constant, the change in 

aptitude’s influence over an individual must be equal but opposite in sign to the effective 

potential or approximately 
−η2

𝑟2 + 
ρ

𝑟
. What increases then decreases is not aptitude itself at the 

individual level since aptitude is a constant and does not change; it is the proportion of the role 

aptitude contributes to the entire system. In other words, as the effective potential changes, the 

role of aptitude must also change comparably but in the opposite direction in order to maintain 

the conservation of the total energy. The role of aptitude as a part of kinetic energy in the total 

system was approximated as R2, proportion of variance explained due to aptitude in attainment. 
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The change in R2 should therefore, resemble 
−η2

𝑟2 + 
ρ

𝑟
, which is graphically the effective potential 

reflected around the x-axis i.e., flipped upside down (Compare Figures 18 and 19). In order to 

track the changes in R-squared as r → 0, the entire dataset was split into 50 overlapping subsets, 

each with observations consisting of 50 rows of data. R-squared for each subset based on the 

correlations between aptitude and attainment was calculated. Since R-squared was expected to 

change by the negative of effective potential as r → 0, the 50 subsets were ordered from the 

highest GJT score (conversely lowest GJT inverse) to the lowest score from 0 to 50 on the x-

axis, thus reflecting the scaling of r. Once again this has the following regression formulation:  

R2 =  −η2(Subset Order)2 +  ρ (Subset Order)    (12) 

To clarify, the “subset order” is the ordered set of data with values of 1 to 50, derived from sub-

setting the entire dataset from highest GJT score to the lowest with overlaps (1 is the highest and 

50, the lowest). Because the subset order is an ordered list of 50 discrete numbers, normalization 

was not applicable, and OLS regression was used to fit the data.  

 

 
 

             Figure 18: Effective Potential Flipped                   Figure 19: Subsets of GJT Scores 
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Table 18: Regression Fit for Subsets of GJT Scores 

Predictors Beta SE T-statistic P-value 

Subset2 -2.89e-05*** 8.25e-06 -3.49 0.001 

Subset 1.78e-03*** 4.34e-04 4.09 0.00016 

      Note. F(2, 47) = 10.27, p = 0.000198; *p < 0.05. **p < 0.01. ***p < 0.001 

 

Table 18 shows that the overall model and the two predictors of subset2 and subset are 

significant. Importantly, the signs of beta coefficient on subset2 predictor (negative) and 

subset (positive) confirm Equation 12 in which the square of subset order has a negative sign 

but the second term (subset order) has a positive sign in front. Figure 20 below shows the fit 

of the regression model to the changing R-squared between aptitude and attainment.  

 

 

Figure 20: Regression Fit between R-squared and 50 Subsets of GJT Scores 
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Figure 20 shows that the amount of variance explained by aptitude increased with an increase in 

GJT scores but decreased to zero for the highest proficiency level, indicated by top scores for 

groups 1 through 5. 

  

4.3.3 Hypothesis 3 

H3. Different elements of grammar will show different correlations with aptitude; not all 

structures are equally sensitive to the effect of aptitude.  

Hypothesis 3 was first tested by correlating 11 rule types (each as RCS) with LLAMA_F_RCS.  

Table 19: Correlations between Rules Types and GJT 

Rule Types Values Sig. R2  

Subcategorization 0.542*** 2.2e-16 0.294 

Particle movement 0.519*** 2.07e-15 0.269 

Word order 0.479*** 4.56e-13 0.229 

Past tense 0.454*** 9.45e-12 0.206 

Determiners 0.447*** 2.172e-11 0.199 

Pronominalization 0.445*** 2.83e-11 0.198 

Plural 0.446*** 2.44e-11 0.198 

Third-person singular 0.444*** 3.03e-11 0.197 

Yes-no questions 0.444*** 3.03e-11 0.197 

Present progressive 0.383*** 1.684e-08 0.146 

Wh-questions 0.353*** 2.27e-07 0.124 

         Note. *p < 0.05. **p < 0.01. ***p < 0.001 

 

For the test of hypothesis 3, more salient features of morphosyntax such as pronoun gender, 

subject-verb inversion and do-support were expected to show greater sensitivity with aptitude 

similar to DeKeyser’s (2000) findings between GJT and age of arrival. It should be noted that in 

DeKeyer’s study, the participants were Hungarian-speaking learners of English while in the 

current study, the participants’ L1 was Spanish. It is possible that different L1s may have 

influenced the perception of what is salient (Ellis, 2006). The correlation results between rule 

types and GJT scores showed that pronoun gender (pronominalization), subject-verb inversion 
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and do-support (both yes-no questions and wh-questions) were not among the highest 

correlations (6th, 9th and 11th out of 11 correlations). The strongest relationships were found for 

subcategorization (r=0.542), participle movement (r=0.519) and word order (r=0.479). Although 

the strength of the correlations varied, all 11 rule types were statistically significant (Table 19). 

Next, the model used to fit the composite GJT score with aptitude was tested on each 

grammar rule. First aptitude scores were plotted alongside each rule type. This was followed by 

fitting Λ =  (GJTRule Type)
2
 for all rule types separately. Figure 21 below showed that for all 11 

rules, an upward curve in the direction of r → 0 was observed.  
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Figure 21: Aptitude by Eleven Rule Types 

 

Figure 21 shows that the square of the score by rule type appears to be a good approximation of 

the pattern exhibited by the scatterplot. This was confirmed by the orthogonal regression results 

in which for all 11 rule types, the betas of GJT2 was positive and significant at 0.01 level (Table 

20). The blue lines in Figure 21 represent the orthogonal regression fit, Λ =  (GJTRule Type)
2
. 

Table 20: Regression Fit for 𝚲 =  (𝐆𝐉𝐓𝐑𝐮𝐥𝐞 𝐓𝐲𝐩𝐞)
𝟐
  

Rule Type GJT2 SE 

Subcategorization 3.19** 0.355 

Particle movement 6.01** 0.743 

Word order 3.32** 0.444 

Past tense 3.69** 0.494 

Determiners 3.16** 0.452 

Pronominalization 6.32** 1.01 

Plural 3.05** 0.370 

Third-person singular 5.47** 0.873 

Yes-no questions 4.14** 0.583 

Present progressive 3.92** 0.587 

Wh-questions 5.43** 0.933 

         Note. *p < 0.05. **p < 0.01.  

 

4.4 Motivation and Attainment   

4.4.1 Hypothesis 4  
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H4. Overall, the participants in this study will show a negative correlation between performance 

on GJT and motivation since the influence of motivation ζ(r) diminishes as r → 0. However, 

motivation may increase and show positive correlation for beginners due to the effect of 

potential energy − 
𝜌

𝑟
 on the conservation of total energy.  

 

Table 21: Correlations between Motivation and GJT 

N= 203 Values Sig. R2 

PPMC -0.173* 0.013 0.030 

Partial -0.163* 0.020 0.026 

Dis-attenuated -0.187 NA 0.035 

       Note. *p < 0.05.  

 

As predicted, the correlation between motivation and attainment was negative and significant at 

0.05 level, though its effect and proportion of variance explained were rather small compared to 

aptitude (Table 14). While aptitude is theorized to be constant for the individual learner, 

motivation is a function of r and therefore varies dependent on their distance to nativelikeness. 

With this in mind, differentiating Equation 4 with respect to r produces the following 

relationship.  

𝑑

𝑑r
ζ(r) =

−𝑑

𝑑r
 (

η2

𝑟2 −  
ρ

𝑟
)      (13) 

The curve of change represented by the effective potential is the same as the change expressed 

by ζ(r) but in the opposite direction due to the negative sign. That is, changes in motivation 

should resemble effective potential reflected by the x-axis. Thus, if the relationship between 

motivation and attainment as described by ECT-L2A is valid, the data in Figure 23 should reflect 

the curve of Figure 22 below.  
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          Figure 22: Graph of f(r) =  
−𝟏

𝒓𝟐
+  

𝟏

𝒓
        Figure 23: Scatterplot of GJT vs. Motivation  

The scatterplot pattern in Figure 23 does appear to fit the curve in Figure 22. To formally test 

this relationship, Equation 13 was transformed into an intrinsically linear regression model by 

substituting GJT_RCS for r-1 and equating motivation with the negative of effective potential: 

ζ(r) = −
η2

𝑟2 + 
ρ

𝑟
.  

 
ζ(r) =  −η2(GJTRCS)2 +  ρ (GJTRCS)     (14) 

 

In this model, the independent variable was GJT_RCS (normalized) and the outcome 

variable was motivation (normalized). The overlay of the orthogonal regression model 

predicted by ECT-L2A can be seen in Figure 24 below. Motivation increased as proficiency 

(GJT_RCS inverse) progressed from low (normalized score of 1) to about 0.25. Afterwards, 

there was a significant vertical drop as the score neared zero (Figure 24).  
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Figure 24: ECT-L2A Regression Model of Motivation and GJT_RCS (Inverse) 

Note. GJT_RCS (Inverse) means that the score increases from 1 (min) to 0 (max).  

 

The red curve is the overlay of the predicted outcome. It shows that the model underestimates 

motivation for low proficiency learners. The curve does not appear to fit as well as the aptitude 

model (Figure 17); nonetheless, the model’s betas have the correct sign per Equation 14 

(negative for GJT2 and positive for GJT) and they are all significant at 0.01 level. (Table 22).  

 

Table 22: Regression Fit for Equation 14 

Predictors Beta SE 

 GJT2 -10.498** 2.808 

GJT 6.865** 0.865 

Note. *p < 0.05. **p < 0.01. ***p < 0.001 
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Lastly, ECT-L2A predicts increase in motivation due to the rise of potential energy − 
ρ

𝑟
 which, 

as r → 0, decreases due to the overwhelming influence of L1 to target language distance in 
η2

𝑟2. 

This prediction was previously demonstrated by Figure 24.  

As r → 0 from ∞, the effective potential decreases while motivation increases to maintain 

the conservation of energy. However, at the minimum point, the curve changes and the effective 

potential increases (here 
η2

𝑟2 takes over), at which point motivation must decrease until learning 

reaches an asymptote. To reiterate a point made previously, the general shape of motivation 

should thus resemble the negative (opposite) of effective potential. Figures 23 and 24 show that 

as r moves towards 0, there is a slight increase28 in the slope until it reaches a peak, followed by 

a steep (almost vertical) decline in slope. Correlation analyses between motivation and 

attainment split by GJT proficiency supported these predictions.  

 

Table 23: Motivation Correlations by Proficiency  

Low (N=51) Values Sig. R2 

PPMC 0.094 0.510 0.008 

Partial 0.049 0.734 0.002 

Dis-attenuated 0.102 NA 0.010 

Int (N=101) Values Sig. R2 

PPMC 0.0175 0.861 0.0003 

Partial 0.035 0.730 0.0012 

Dis-attenuated 0.0189 NA 0.0003 

Adv (N=51) Values Sig. R2 

PPMC -0.235 0.096 0.055 

Partial -0.207 0.152 0.042 

Dis-attenuated -0.254 NA 0.064 

                  Note. *p < 0.05. **p < 0.01. ***p < 0.001 

 

 
28 Because r is marked by its inverse relationship to attainment, the slope is positive from this perspective (as r goes 

to zero), not negative (as r goes to positive infinity).  
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In Table 23, the correlation between motivation and GJT was positive for the low and 

intermediate proficiency group but became negative for the advanced proficiency group. The 

findings support the positive relationship between motivation and attainment in the beginning 

followed by decrease and negative relationship afterwards. However, in all three groups, the 

correlations were not significant (Table 23).   

 

4.4.2 Hypothesis 5 

H5. The variability in GJT explained by motivation will decrease as GJT increases. This is 

because as r gets smaller, the influence of ζ(r) is overshadowed by the role played by L1-TL 

deviance.  

The decrease in the role of motivation is supported by the decrease in R2 from the low 

proficiency group to the intermediate proficiency group but not for the advanced group in which 

R2 is greater than the other two groups (Table 23). This, however, does not contradict the 

prediction made by ECT-L2A because for the advanced proficiency group the correlation is 

negative not positive. The decrease in R2 from low to intermediate group points to the 

diminishing effect motivation has on making a positive contribution towards attainment. In the 

case of the advanced proficiency group, a negative correlation indicates that the relationship 

between motivation and attainment is no longer positive but in fact negative: more attainment 

corresponds to less motivation, not more. This is backed by not only the changes in correlation 

and R2 across the proficiency groups (Table 23), but also by the motivation versus attainment 

scatterplot in Figures 23 and 24 in which a steady decrease in r (1 to 0.25 in GJT_RCS inverse) 

coincided with an increase in motivation. The steep decline from 0.25 to 0 indicated a negative 

relationship between motivation and attainment for the advanced group. This is once again fully 
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explained under Equation 4. The increase in motivation as attainment increases is due to − 
ρ

𝑟
 but 

as 
η2

𝑟2 overwhelms near r ~ 0, motivation drastically decreases.  

 Similar to how aptitude and its change in R2 was explored, the 50 subsets of data were 

plotted by their variance in GJT explained by motivation ranked from 1, the highest GJT score 

group, to 50, the lowest. Figure 25 below illustrates how R2 decreased as r → 0 with a best line 

of fit (blue) and 95% confidence interval (grey).  

 

Figure 25: Plot of Motivation R-Squared vs. 50 Subsets of GJT Scores 

Compare the change in R-squared for aptitude in Figure 20 to R-squared in motivation, Figure 

25. The decline is more severe as R-squared flatlines faster at around 20, while for aptitude it 

was still in the process of decline. In the case of motivation, not only is R-squared decreasing by 

−
η2

𝑟2 + 
ρ

𝑟
 , motivation itself is also decreasing. In sum, the overall decline in the role played by 

motivation as proficiency grows is much more pronounced compared to the effect aptitude has 

on L2 development.  
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4.4.3 Hypothesis 6 

H6. Different components of motivation will show different correlations with GJT; not all 

motivation types are equally sensitive to the learning outcome. 

Hypothesis 6 was tested by correlating each component of AMTB with GJT_RCS.   

Table 24: Correlations between Attitude/Motivation Types and GJT 

Attitude/Motivation Types Values Sig. R2 

Interest in Foreign Language 0.158* 0.024 0.025 

Motivational Intensity -0.192** 0.005 0.037 

Attitudes Toward Learning -0.076 0.278 0.0058 

Integrative Orientation 0.111 0.114 0.0123 

Desire to Learn English -0.163* 0.019 0.0266 

Instrumental Orientation 0.0777 0.269 0.006 

Daily English Use 0.206** 0.0031 0.042 

Integrativeness 0.167* 0.0171 0.028 

       Note. *p < 0.05. **p < 0.01. ***p < 0.001 

 

The correlation analysis revealed a mix of positive, negative, significant and nonsignificant 

relationships. Certain aspects of motivation and attitude such as interest in foreign language, 

integrative orientation, instrumental orientation, daily English use, and integrativeness were 

found to be positively correlated with GJT. Others (motivational intensity, attitudes towards 

learning, and desire to learn English) were negatively correlated with attainment. Furthermore, 

about half were statistically significant: interest in foreign language, motivational intensity, 

desire to learn English, daily English use, and integrativeness (Table 24). To test whether the 

same relationship for GJT and motivation was also found for each motivation and attitude 

component, AMTB components were plotted alongside the inverse of GJT_RCS. This was 

followed by fitting ζ(r) =  −η2(GJTRCS)2 +  ρ (GJTRCS) for each motivation/attitude component 

separately, in place of the composite ζ(r). Figure 26 below shows that for all 8 components of 
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AMTB, identical patterns emerged as r → 0: different components of AMTB followed the curve 

of −
η2

𝑟2
+ 

ρ

𝑟
 indicated by the blue line.  

 

  

  

  



 

  139 

 

  

Figure 26: Motivation by Eight Attitude/Motivation Types 

The effective potential (Equation 14) does appear to be a good approximation of the patterns 

exhibited by the scatterplot, although not as well as the fit between aptitude and attainment 

(Figure 21). For all components of motivation and attitude, the model’s betas had the correct sign 

per Equation 14 (negative for GJT2 and positive for GJT) and they were all significant at 0.01 

level (Table 25).  

Table 25: Regression Fit for Equation 14 by Attitude/Motivation Types  

Attitude/Motivation Types GJT2 GJT SE (GJT2) SE (GJT) 

Interest in Foreign Language -9.27** 6.54** 2.52 0.78 

Motivational Intensity -11.06** 6.76** 3.23 0.97 

Attitudes Toward Learning -10.73** 7.26** 2.75 0.84 

Integrative Orientation -9.71** 6.89** 2.44 0.76 

Desire to Learn English -10.68** 7.14** 2.73 0.84 

Instrumental Orientation -9.48** 6.46** 2.55 0.77 

Daily English Use -7.52** 5.26** 2.07 0.64 

Integrativeness -8.95** 6.37** 2.37 0.75 

       Note. *p < 0.05. **p < 0.01.  

 

4.5 Kinetic Energy and Attainment: Hypothesis 7   

H7. The combined effect of motivation and aptitude will have a positive correlation with GJT, 

per ζ(r) + Λ. However, with increasing GJT, ζ(r) + Λ will decrease due to the decrease in ζ(r) 

caused by L1-TL deviance.  



 

  140 

 

𝑟 =  
2η 2

ρ + √4ε η2 + ρ2
 

 

By examining Equation 6, reproduced above, it is easy to see why kinetic energy would have a 

positive correlation with attainment. In the denominator, ε is the total energy ∈ when r is very 

large. That is, when the learner’s distance to L2 is large (a beginner), the total energy is equal29 

to motivation plus aptitude. Therefore, large kinetic energy is equivalent to large total energy, 

which in turn means small r due to the total energy term in the denominator. This was borne out 

by the correlation between kinetic energy and attainment (Table 26).  

 

Table 26: Correlations between Kinetic Energy and GJT 

N= 203 Values Sig. R2 

PPMC 0.306*** 8.65e-06 0.093 

Partial 0.296*** 1.88e-05 0.088 

Dis-attenuated 0.396 NA 0.157 

Note. *p < 0.05. **p < 0.01. ***p < 0.001 

 

The correlation between the sum of aptitude and motivation with attainment was estimated to 

range from 0.306 to 0.396 (dependent on the type of correlation), highly significant and 

accounting for variance in attainment from 9 to 16 percent. In general, individuals with higher 

grammatical inferencing abilities or aptitude plus motivation for second language performed 

better on grammaticality judgment tests (L2 attainment), even after age of arrival and length of 

study were taken into consideration (Table 26).   

 
29 From Equation 4, as r approaches infinity, the effective potential approaches zero and the only terms left are 

kinetic energy = total energy.  
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Similar to how motivation was related to attainment, the curve of change represented by 

the effective potential is the same as the change expressed by ζ(r) + Λ but in the opposite 

direction due to the negative sign of effective potential. This means that changes in kinetic 

energy should resemble effective potential reflected by the x-axis (Figure 27). Because kinetic 

energy is the sum of motivation and aptitude, and aptitude is a constant whereas motivation is a 

function with respect to r, the overall change and effectiveness of kinetic energy in learning 

outcome should resemble the patterns exhibited by motivation. Alternatively, if the relationship 

between kinetic and attainment as described by ECT-L2A is valid, the data should reflect the 

curve of Figure 5 flipped upside down around the x-axis (Figure 27). This can be shown by 

solving for the kinetic energy in Equation 4:  ζ(r) + Λ =  −
η2

𝑟2 + 
ρ

𝑟
 + ∈. Kinetic energy is 

essentially the negative of the effective potential −(
η2

𝑟2 − 
ρ

𝑟
) plus a constant (∈).  

 

  

Figure 27. Comparison Between Effective Potential and Kinetic Energy  
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Figure 28 below is the scatterplot of kinetic energy (sum of aptitude and motivation after 

normalization) and GJT (normalized inverse). The scatterplot in Figure 28 showed promising 

resemblance to the theoretical model shown in Figure 27.  

 

Figure 28. Plot of Kinetic Energy vs GJT_RCS (Inverse) 

Note. GJT_RCS (Inverse) means that the score increases from 1 (min) to 0 (max). 

 

To formally test whether the scatterplot fit the ECT-L2A equation, ζ(r) + Λ =  −
η2

𝑟2 + 
ρ

𝑟
 + ∈ 

was transformed to reflect an intrinsically linear regression model by substituting GJT_RCS for 

r-1 and solving for the kinetic energy which is ζ(r) + Λ.  

 

ζ(r) +  Λ =  −η2(GJTRCS)2 +  ρ (GJTRCS) + ∈    (15) 
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Once again this allowed the above equation to be stated in a regression form, y =b1x1 + b2x2 

+c, where the independent variable was GJT and the outcome variable was the sum of 

motivation and aptitude, normalized. Equation 15 was subsequently fitted with the data using 

orthogonal regression. The visual fit of the model can be seen in Figure 29 and the parameter 

estimates are found in Table 27.   

 

Figure 29: ECT-L2A Model Fit of Kinetic Energy vs GJT_RCS (Inverse) 

Note. GJT_RCS (Inverse) means that the score increases from 1 (min) to 0 (max). 

 

The orthogonal regression model based on ECT-L2A (red curve) does appear to support the 

model and provide a reasonable fit of the curve found in the scatterplot (Figure 29). The table 

of beta coefficients (Table 27) further supported the model fit.  

 

Table 27: Regression Fit for Equation 15 

Predictors Beta SE 
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 GJT2 -6.051** 1.677 

GJT  4.366** 0.520 

           Note. *p < 0.05. **p < 0.01.  

 

Betas for GJT_RCS squared and GJT_RCS were both significant at 0.01 level. The negative sign 

in front of GJT2 beta and the positive sign for GJT beta also confirmed Equation 15 in which the 

second-order term is negative and the first-order term is positive.  

Although kinetic energy is generally expected to have a positive correlation with 

attainment, kinetic energy is also expected to decrease in the process due to the decrease in 

motivation as r approaches zero. Correlation analyses between kinetic energy and attainment 

split by first quartile group (low proficiency), interquartile group (intermediate proficiency), and 

fourth quartile (advanced) of GJT scores supported this prediction (Table 28).  

 

Table 28: Kinetic Energy Correlations by Proficiency  

Low (N=51) Values Sig. R2 

PPMC 0.360** 0.009 0.129 

Partial 0.295* 0.039 0.087 

Dis-attenuated 0.466 NA 0.217 

Int (N=101) Values Sig. R2 

PPMC 0.316** 0.0012 0.100 

Partial 0.317** 0.0013 0.101 

Dis-attenuated 0.409 NA 0.168 

Adv (N=51) Values Sig. R2 

PPMC -0.075 0.599 0.0056 

Partial 0.0072 0.976 5.18e-05 

Dis-attenuated -0.0973 NA 0.0094 

              Note. *p < 0.05. **p < 0.01. ***p < 0.001 

  

The strength of the correlational relationship was significant and strong for the low and 

intermediate groups but became negative and nonsignificant for the advanced group (Table 28). 

R-squared consistently decreased from low to advanced group. From a longitudinal perspective, 

Equation 4 implies that as attainment increases, deviation energy overwhelms all other energies 
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including kinetic energy. As the learner gains proficiency in their second language, the role of 

aptitude and motivation changes relative to the effective potential 
η2

𝑟2
− 

ρ

𝑟
.  Because the total 

energy is constant, the change in kinetic energy’s influence over an individual must be equal but 

opposite in sign of the effective potential or approximately 
−η2

𝑟2 + 
ρ

𝑟
. In other words, as the 

effective potential changes, the role of kinetic energy must also change correspondingly but in 

the opposite direction in order to maintain the conservation of the total energy. 

 

4.6 Summary of Main Findings 

 Aptitude and attainment were positively correlated as predicted by ECT-L2A and 

corroborated by past literature on aptitude. In a sample of L2 adult-learner population, those who 

had higher aptitude for grammatical inferencing ability, on average, demonstrated higher 

proficiency in their morphosyntactic knowledge of the target language. However, the variability 

in GJT scores explained by aptitude decreased with increase in proficiency. The effect of 

aptitude began to diminish as learners gained greater proficiency towards nativelikeness. The 

role of aptitude wasn’t as strongly influential to advanced proficiency learners as it was for 

beginners. This was evidenced by a decrease in the strength of correlation and variance 

explained (R-squared) between aptitude and attainment. Overall, a positive, yet asymptotic and 

curvilinear relationship between aptitude and attainment supported ECT-L2A’s formulation per 

Equation 4. When GJT was analyzed by its 11 component rule types, similar patterns were found 

for every rule type as predicted by ECT-L2A. For each rule, the correlation was positive and 

statistically significant.  

 The relationship between motivation and attainment was not as straightforward as 

aptitude. The overall correlation between motivation and GJT was negative, which implied that 
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motivation had a negative influence on the outcome. However, when the sample of learners were 

divided by their proficiency based on the quartile range of GJT scores, motivation had a positive 

correlation with beginners but negative for advanced learners. Motivation was high for all 

participants and it increased slightly as proficiency increased from lower quartile to intermediate, 

but decreased dramatically as proficiency approached native-likeness. The influence of 

motivation on learning outcome diminished similar to aptitude but at a much higher rate due to 

the fact that motivation itself also decreased dramatically. The change in motivation was 

predicted to resemble the changes in potential energy, and the results of regression analysis 

confirmed that the pattern found between motivation and attainment indeed fit the ECT-L2A 

predicted model. Once again, the relationship was curvilinear in nature but also asymptotic. 

AMTB constructs of 1) interest in foreign language, 2) motivational intensity, 3) attitudes 

towards learning, 4) integrative orientation, 5) desire to learn English, 6) instrumental 

orientation, 7) daily English use and 8) integrativeness were analyzed separately against 

attainment. Correlation analysis revealed a mix of negative, positive and both significant and 

nonsignificant relationships with attainment. Yet when they were fitted with ECT-L2A predicted 

model, all eight components of AMTB displayed statistical significance with identical direction 

on each predictor.  

 Lastly, kinetic energy – as calculated by the normalized sum of aptitude and motivation – 

was positively correlated with learning outcome, but the strength of the correlation and variance 

explained diminished with increase in proficiency. The change in kinetic energy with increase in 

proficiency was modeled using orthogonal regression and the results showed statistically 

significant fit with ECT-L2A theory.  
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Chapter 5: Discussion and Conclusion 

In this final chapter, an in-depth discussion explores the relationship between aptitude 

and attainment; between motivation and attainment; and the combined effects of aptitude and 

motivation on attainment in light of the current study’s findings within the theoretical framework 

of ECT-L2A. Specifically, the cross-sectional data allows for interpretations at the level of the 

L2 adult-learner population while also providing a (pseudo-)longitudinal perspective. ECT-L2A 

conceptualizes individuals’ ultimate attainment as a process (expressed as a distance r), hence 

the longitudinal trajectory at the individual level. Yet, it is also relevant for a one-off cross-

sectional study because the variables are meaningful at the sample level. The cross-sectional 

sample is the sum of individuals whose learning trajectories are undergirded by the same law of 

energy conservation operating at the individual level. Following the discussion on aptitude, this 

chapter continues with a discussion on motivation, kinetic energy, and the universality of the 

ECT-L2A learning curve. One consistent finding throughout the results was the versatility of 

ECT-L2A to characterize different grammar rule types and different types of motivation and 

attitude. This element of the findings is discussed to show that asymptotic learning curves as 

predicted by ECT-L2A have been recognized in cognitive psychology as a universal 

phenomenon. The law of energy conservation could indicate a deeply fundamental component of 

the human learning experience. Next, the overall findings of the study highlight the importance 

of treating nonlinear relationships in SLA with a mathematical modeling approach. The chapter 

concludes with a summary of the current study’s limitations and directions for future research. 

 

5.1 Relationship between Aptitude and Attainment  
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 In the current study, hypothesis 1 posited that the correlation between performance on 

GJT and aptitude would be positive since high values of Λ lead to smaller r but Λ remains 

constant at the individual level. To reiterate, language aptitude was indeed positively correlated 

with second language attainment (Table 14). At face value, this is not only intuitively plausible, 

but for all intents and purposes, a necessary outcome for aptitude (or measures thereof) to have 

construct validity. Aptitude is defined as an ability or a set of abilities that predicts faster and 

better learning outcomes relative to those who have less. A positive correlation, therefore, is not 

surprising but expected. Yet, what has been lacking in the past research is the specificity of the 

type of positive relationship expected between aptitude and attainment. A positive correlation 

between two covariates implies an underlying assumption that the relationship is strictly linear 

and indefinite. In contrast, while ECT-L2A likewise predicts a positive association between 

aptitude and attainment, the relationship is described by Equation 4 to be curvilinear and 

asymptotic. This can be approximated as a model for GJT score =  
𝑎 + √2𝑏Λ+𝑎2

𝑏
 , in which the 

inverse of r converts scoring to GJT_RCS, a more conventional view of score interpretation, and 

parameters a and b standing for ρ and 2η 2 respectively. As aptitude increases, the attainment of 

the learner will also increase (positive first derivative) but the rate of attainment is decreasing 

(negative second derivative) : that is,  
𝑑

𝑑Λ
=  

𝑏

2 √2𝑏Λ+𝑎2
 but 

d2

𝑑Λ2 =  
−𝑏2

2 (2bΛ+𝑎2)
3
2

 . This was 

approximated in the current study as GJT_RCS ≈ √ Λ ; thus, 
𝑑

𝑑Λ
 = 

1

2 √Λ
 and 

d2

𝑑Λ2 =  
−1

4Λ
3
2

. In a 

population of L2 learners, there is a positive relationship between attainment and aptitude as 

indicated by the positive first derivative, but due to the negative second derivative, the rate of 

change decreases.  
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One implication of this is that exceptionally high achievers have significantly higher 

levels of aptitude relative to average learners. Polyglots with multiple language-competencies 

and those with near native-level proficiencies are thus allowed in the ECT-L2A model but rare 

due to the extremely high level of aptitude needed to compensate for the quadratic power of 

decrease (the second derivative) required for its subsequent increase in attainment. This is a 

significantly different perspective compared to the conventional view in which aptitude and 

attainment are assumed to form a linear relationship. The negative sign in the second derivative 

provides a mathematical explanation on why linguistic geniuses and native-like proficiencies are 

so uncommon among adult learners. As previously mentioned, in an L2 adult population, those 

who reach native-like competence only account for about 5% of the population (Selinker, 1972). 

Even fewer are polyglots –those who speak 5 or more languages – that constitute less than 1% of 

the world’s population (Seagull, 2019). In the current study of 203 participants, no one had 

identified themselves as being proficient in five or more languages and not one participant was 

found to have native-like proficiency in GJT with a 97% accuracy. The rarity of native-like 

competence is expected under ECT-L2A because although aptitude continues to contribute 

positively towards learning outcomes, high-end performances require exceptionally high 

aptitude. In other words, if GJT_RCS ≈ √ Λ, doubling the GJT score (factor of 2) requires a 

quadruple (22) increase in aptitude, and as GJT increases, the aptitude level required to keep up 

with attainment increases at a rate of aptitude squared. Under ECT-L2A, past observations that 

only learners with above-average analytical abilities can eventually reach a near-native level 

(DeKeyser, 2000), and that polyglots show well above average, often outstanding, aptitude 

scores (Hyltenstam, 2021), now have a mathematical justification.  
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According to hypothesis 2, energy conservation theory from a longitudinal perspective 

predicted that the variability in GJT explained by aptitude would decrease as GJT increases 

because as r gets smaller, the influence of aptitude Λ is overshadowed by the role played by L1-

TL deviance. In the current study, the asymptotic relationship and the subsequent decrease in 

variance explained by aptitude gave support to this hypothesis. And beyond what was reported in 

the previous chapter, the role of aptitude diminishing with increase in proficiency warrants 

further discussion. In a meta-analysis on aptitude by Li (2015), it was reported that aptitude was 

only predicative in the initial stages of L2 grammar acquisition and less so during the latter 

stages of learning. This was assumed to be associated with explicit learning conditions during the 

initial stages which later yields to implicit learning in advanced stages (Li, 2015). Regardless of 

whether implicit or explicit learning is implicated, ECT-L2A argues that aptitude’s influence on 

learning outcome is overwhelmed by the centrifugal effect of the L1 to TL deviance. This does 

not suggest that as learning progresses, one’s aptitude attenuates and weakens. Instead, aptitude 

remains constant throughout the learner’s development towards L2 mastery whether the learner 

is a beginner or a near-native speaker (Figure 14). What Equation 4 implies is that the distance 

traversed by the learner’s journey towards nativelikeness (the r term) is significantly shorter 

when the learner’s proficiency is advanced compared to when they were beginners. It is much 

more difficult to make significant improvements as an advanced user than it is to make the same 

amount of improvement as a beginner. For any given level of aptitude, the gain in proficiency (or 

a decrease in r) is much larger for beginners, but for the same level of aptitude, the gain in 

proficiency (or a decrease in r) is much smaller when the same learner reaches more advanced 

proficiency. As an illustrative example, it may not require a whole lot of aptitude to learn the 

English alphabet but it still represents a significant gain towards proficiency as a true beginner. 
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Contrarily, for the advanced learner – regardless of how one measures alphabet mastery as a 

numeric decrease in r – to achieve a similar gain at advanced stages requires more aptitude 

because at advanced stages the learning objectives are much more difficult for the learner. It is 

therefore more challenging to make the same amount of progress as an advanced learner than it 

is for beginners. That is, there is a large aptitude gap between distinguishing oneself among peers 

during the initial stages of learning compared to advanced stages of learning. Based on the Λ =

 (GJTRCS)2 approximation, hypothetically speaking, a low score at the beginner level,30for 

example 10, only requires an aptitude of 100 but for a score of 100, the aptitude is at a unit of 

10,000. Clearly, it would be easier to move from 0 to 10 than it is to move from 90 to 100. 

Finally, according to hypothesis 3, different grammatical structures showed different 

degrees of correlations with aptitude. In DeKeyser’s (2000) study, present progressives, 

determiners, wh-questions, plurals and subcategorization were highly correlated with age of 

arrival whereas word order, yes-no questions and pronoun gender did not show differential 

proficiency. DeKeyser explained the discrepancies in correlational significance by alluding to 

respective structures’ perceptual salience and their interaction with implicit/explicit learning 

mechanisms. In contrast, all 11 structures in the present study were found to be significantly 

correlated with mid to high effect sizes (Table 19). Small effect sizes were found for yes-no 

questions, present progressives and wh-questions while the strongest relationships were found 

for subcategorization, participle movement and word order (Table 19). This may have been due 

to the fact that in LLAMA_F, subcategorization, participle movement and word order types were 

represented, but neither interrogatives of any kind nor progressives were exemplified in the 

artificial language of LLAMA_F.  

 
30 These numbers are unitless (and meaningless) meant solely for illustrative purposes.  
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Granted, in DeKeyser’s (2000) study, the correlation was with age of arrival not aptitude, 

but the argument presented by DeKeyser was that adults rely on explicit learning, and 

consequently structures more amenable to explicit instruction showed larger correlations. 

Regarding this claim, there are two methodologically motivated reasons to cast doubt on the 

differential correlations reported in DeKeyser’s study. First, in DeKeyser’s study the sample size 

was only 57. Small-scale studies have low statistical power and the results are not replicable. 

Second, although the GJT used was timed, individual’s reaction time was not recorded. Two 

individuals with the same score could not be differentiated beyond their accuracy score. In the 

current study, however, all individuals were differentiable beyond their total scores – thus 

mitigating any ceiling or floor effect – by incorporating their total reaction time as RCS. 

Methodological shortcomings aside, ECT-L2A was able to provide a unifying theory that linked 

all 11 grammar rules and their behaviors under a single mathematical formula without having to 

rely on speculations of explicit versus implicit learning distinctions. Thus, ECT-L2A was able to 

provide a more parsimonious explanation to the phenomena of aptitude’s diminishing role in 

attainment compared to the ones suggested by Li (2015) or DeKeyser (2000).  

 

5.2 Relationship between Motivation and Attainment  

 Hypothesis 4 predicted that there would be a negative correlation between performance 

on GJT and motivation since motivation ζ(r) diminishes as r → 0. However, motivation may 

increase and show positive correlation for beginners due to the effect of potential energy on the 

conservation of total energy. Overall, the correlation between motivation and attainment was 

negative because as proficiency increased motivation decreased. This was a surprising finding 

but not unprecedented. As previously reviewed in chapter 2, a small number of studies including 



 

  153 

 

the pilot study conducted for this research have shown negative or nonsignificant correlation 

between motivation and learning outcomes (Binalet &Guerra, 2014; Kim, 2019; 

Murayama, 2018). In the meta-analysis by Al-Hoorie (2018) on Dörnyei’s L2 Motivational Self 

System, all three components of ideal self, ought-to self, and L2 experience had nonsignificant 

correlations with L2 achievement when the analysis was adjusted for low quality studies that 

could bias the results and publication bias was also taken into consideration. In other words, the 

95% confidence interval included negative correlations when these adjustments were made. 

Because such findings are counterintuitive, the curious case of inverse relationship between 

motivation and attainment deserves a deeper discussion. Based on conventional wisdom, a 

motivated learner is expected to display greater intensity, focus, and perseverance towards the 

language acquisition process; consequently, the student is expected to learn better, learn more, 

and retain more information than those who are less motivated. ECT-L2A does predict 

motivation to contribute positively towards learning outcome. All things being equal, those who 

are more motivated should achieve more than those who are not as motivated because high 

values of ζ(r) will lead to smaller r (see Table 23). However, under the conservation of energy 

theory, motivation decreases with progression towards native-likeness due to the centrifugal 

force of L1 to TL distance. A natural consequence of this is that relative to beginners, more 

advanced learners are marked by lower motivation levels (see Table 21).  

The source of negative correlation, therefore, is not due to the effect of motivation 

causing reduced levels of attainment. Contrarily, it is that once learners reach a certain level of 

high proficiency, their motivation is overshadowed by the deviation energy. This does not mean 

that advanced learners are no longer motivated to learn the target language. Unlike aptitude or 

grammatically judgment scores, motivation data was negatively skewed and all participants 
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including the advanced proficiency learners indicated that they were motivated to learn English. 

Because everyone was motivated and willing to learn, separation based on motivation among the 

participants was not as wide as other measures. Comparison of coefficient of variation31 (CV), a 

measure of dispersion around the mean, revealed that motivation was the smallest at 0.0856, 

while aptitude and GJT showed similar CVs at 0.2085 and 0.240, respectively, almost three 

times more dispersed than motivation (these numbers can be easily calculated based on Tables 

10, 11, and 12). Even when motivation was lower for advanced participants, they were still 

interested in learning English. This begs the question: if the source of negative correlation was 

not due to the effect of motivation causing reduced levels of attainment, how are we to explain 

the decrease in motivation with concurrent increase in proficiency?  

According to ECT-L2A, there is a simple mathematical reason why motivation behaves 

the way it does. Based on Equation 14,  ζ(r) =  −η2(GJTRCS)2 +  ρ (GJTRCS), motivation will be 

positive as long as the second term with input mass is greater than the first term in which 

attainment is squared and multiplied by the negative of eta squared. When the effect of the L1-

TL term becomes greater than the impact of the input (the second part of the equation), 

motivation ζ(r) is negative, i.e., it decreases. Beyond the mathematical explanation, there are two 

possible reasons why motivation may diminish with progression towards nativelikeness. First, in 

support of hypothesis 5, variability in GJT explained by motivation decreased as GJT increased 

(Table 21). This is because as r gets smaller, the influence of ζ(r) is overshadowed by the role 

played by L1-TL deviance. Motivation for L2 does not have the same impact on outcome for 

higher proficiency learners as it once did when they were beginners. Eventually, learning 

becomes asymptotic and learners are not making progress towards native-likeness as they were 

 
31 Coefficient of variation is defined as the standard deviation divided by the mean.  
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used to during the initial stages of L2 acquisition. At this point, the asymptotic “wall” due to L1 

to TL deviance that prevents full native-like proficiency could become a crucial demotivating 

factor. In L2 motivation literature, self-efficacy theory and expectancy-value theory share the 

common belief that a learner’s motivation is predicated on his/her own view of the expectancy of 

success, values attached to the objective, and self-assessment of their abilities to carry out the 

task. These theories place importance on the role of the learner’s past L2 learning experience and 

argue that whether L2 learners are highly motivated or not may hinge on how they have 

attributed their past success or failure. This is also related to their self-confidence, or the 

linguistic self-confidence and the level of anxiety one might have towards learning a new 

language (Dörnyei, 1998). How learners attribute their past failures or success will significantly 

affect their motivation towards future L2 endeavors (Erler & Macaro, 2011). Notice that 

according to Equation 4, motivation is expected to increase as long as the attractive pull of the 

input mass multiplied by proficiency is smaller than the effect of the centrifugal energy. In the 

early stages of L2 development, learners are expected to experience noticeable growth. However, 

the L1 to TL distance presents a difficult wall to climb during the late stages of L2 development, 

which would dampen learners’ expectations of further success, linguistic self-confidence and 

their self-assessment of their abilities. All of which may lead adult learners to temper their 

motivation and attitude towards learning the target language with more realistic expectations as 

learning outcomes approach an asymptotic end-state. Concurrently, their linguistic development 

is likely to stop and fossilization may set in (Han, 2004). Successful learners, therefore, remain 

motivated even when they have reached advanced stages. 

Unlike aptitude, motivation is seen as process-oriented and never stable but subject to 

fluctuations based on the learner’s circumstances (Dörnyei, 2009). A second reason why 

https://www.languagemagazine.com/arresting-fossilization/
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motivation may decrease is that once learners have acquired enough of the target language to 

fulfill their basic communicative needs, the drive to continue the effort towards L2 mastery may 

diminish. In other words, when learners acquire enough language for basic communicative 

needs, learning more is not as important or valuable. This type of phenomena is known as the 

law of diminishing utility (Kauder, 1953). In SLA terms, it suggests that as the L2 learners’ 

proficiency increases, the marginal utility derived from learning declines in value; for example, it 

provides more value for the learner to go from a beginner to an intermediate user of TL than it is 

to go from an intermediate to an advanced user. Given that mastering a second language requires 

a lot of time, effort and resources, it is difficult to maintain one’s motivation as it was in the 

beginning when learners’ needs are subject to such changes (Busse & Walter, 2013). Although 

motivation waxes and wanes throughout the learning trajectory, exceptionally motivated learners 

still have higher level of motivation relative to others even when it wanes due to energy 

conservation. By the same token, the longitudinal drain on motivation means that those who can 

maintain a high level of motivation despite experiencing the asymptotic wall will eventually 

become successful learners.  

 In hypothesis 6, different components of motivation were predicted to show different 

correlations with GJT because not all motivation types are equally sensitive to the learning 

outcome. The results confirmed that while some constructs were positively correlated, others 

were not (see Table 24). Past findings seem to lend some support to the notion that a wide range 

of correlations between motivation and achievement indeed exists. As previously mentioned (see 

Chapter 2), Dörnyei’s L2MSS was negatively correlated with GJT in the pilot study (Kim, 

2019). And according to a meta-analysis on L2MSS, motivation showed positive correlation with 

achievement albeit weakly (rs=.20), but the same relationship became nonsignificant when the 
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meta-analysis was adjusted for quality and publication bias (Al-Hoorie, 2018). Other studies 

have shown motivation to have no significant relationship with GJT (Binalet & Guerra, 2014), 

poor predicator of proficiency levels ((Matsumoto, 2011), or have outright claimed that 

motivation was not a predictor of foreign language learning (Taguchi, 2006). More relevant to 

the current studies’ operationalization of motivation was Masgoret and Gardner’s meta-analysis 

of AMTB (2003). Attitude toward learning, integrativeness, motivation, and integrative 

orientation were all positively correlated with achievement: strongest for self-ratings but weakest 

for objective measures. Still, a small number of constructs such as instrumental orientation and 

integrative orientation were found to be nonsignificant in second language contexts (as opposed 

to foreign language) and at secondary education levels. Despite the wide range of constructs and 

their uniquely complex interaction with students under less than optimal conditions specified by 

different motivation theories, conservation of energy was able to unify them all. While 

correlations between motivation constructs and GJT produced multiple outcomes: negative, 

positive, significant, and nonsignificant (Table 24), a single ECT-L2A derived model explained 

their behavior as following Equation 14 (Figure 26). Thus, the incredible parsimony afforded by 

ECT-L2A was able to explain, predict, and unify various constructs of motivation. Regardless of 

the specific manner or type in which learners are motivated, as long as the motivation in question 

provides an impetus and a drive towards target language acquisition, its relationship to 

attainment can be assumed to follow Equation 4. This is no small feat considering the diversity 

of theoretical constructs and the dynamicity of motivation under different conditions: a singular 

unifying theory that can model all motivation types.   

 

5.3 Relationship between Kinetic Energy and Attainment  
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 The theoretical landscape on aptitude and motivation outside ECT-L2A has mostly 

treated the two constructs as distinct and independent factors of individual differences. And yet 

there exists an intuitive connection between aptitude and motivation that makes the two 

interdependent as part of a single system comprised of key ID factors. Particularly, aptitude and 

motivation are two of the most important variables the learner brings to the second language 

acquisition process (Dörnyei & Skehan, 2003; Ellis, 2006; Gardner, 2000). There are a few 

anecdotes in the literature to support the importance of motivation and aptitude operating 

together. A case study by Biedron and Szczepaniak (2009) looked at a talented foreign language 

learner named Ann who seemed to confirm this common perception about what makes a learner 

successful. The study showed that Ann was linguistically gifted in the areas of phonological, 

analytical and memory abilities. She was also a highly-motivated learner. Ann was a type who 

enjoyed learning foreign languages, had a positive attitude towards the target language 

community and the target language, and had plans to use her language as a means to achieve her 

goal of working at a refugee camp. She had both aptitude and motivation to succeed in her L2 

endeavor (Biedron & Szczepaniak, 2009). Similarly, a recent study on ten polyglots32 by 

Hyltenstam (2021) reached the same conclusion. After extensive interviews and measures of 

language aptitude and motivation, polyglots demonstrated well above average, often outstanding, 

aptitude scores and motivation for second language, characterized as “an extreme fascination 

with language and a strong motivation, even a drive, to learn languages” (Hyltenstam, 2021, p. 

57). The combination of outstanding aptitude and motivation, among others, may provide a 

synergic boost that propels language acquisition to exceptional levels (Hyltenstam, 2018).   

 
32 In Hyltenstam’s (2021) study, a polyglot was operationalized as a person who acquired/learned at least six or 

more L2s after puberty with an intermediate or advanced proficiency level and presently uses these languages 

relatively unimpededly in oral interaction.  
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To explore how the combined effects of motivation and aptitude operate together vis-à-

vis attainment, hypothesis 7 in the present study predicted that kinetic energy would have a 

positive correlation with GJT, per ζ(r) + Λ. However, with increasing GJT, kinetic energy was 

also expected to decrease due to the decrease in motivation caused by L1-TL deviance or the 

centrifugal energy. Results from the current study showed that the sum of aptitude and 

motivation was positively correlated with GJT, but the strength of the correlation and variance 

explained diminished with increase in proficiency.  

Perhaps not surprisingly, adult L2 learners who possess high aptitude and motivation 

performed better than those who did not, as evidenced by the positive correlation (Table 26). In 

the current study, participant ID #22, for example, had one of the top 5 scores on GJT (181 raw 

score) despite having studied English for only two years. As expected, participant #22 had above 

average aptitude score (raw score of 16) and well above average motivation (raw score of 171) 

that put him at 84th percentile. Similarly, participant ID #66 had a top ten GJT raw score of 167 

with only one year of studying English. Again, his motivation score was one standard deviation 

above the mean at 177, and his aptitude score was also one standard deviation above the mean at 

17, putting this participant at 84th percentile on both variables. When both motivation and 

aptitude were below the mean, a high GJT score was still attainable, but it came at the cost of 

years of studying English. For example, participant #122 who had the highest GJT score of 185, 

had both below average motivation (151) and aptitude (9). However, #122 had spent 15 years 

studying English, well above the mean of 3.36 years in the sample. Compared to participant #22 

who took only two years to reach a GJT score of 171, it took participant #122 15 years to obtain 

a similar score, which speaks volumes about the importance of motivation and aptitude.  
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Based on Equation 4, a low measure in either of the two variables may be compensated 

by a high measure in the other because kinetic energy is defined as the sum of the two terms. A 

high level of motivation is seemingly able to overcome low aptitude while low motivation can be 

balanced by high aptitude. This was also reflected in the data. For example, participant #188 had 

an above average GJT score of 157 (one SD above the mean) despite having a poor aptitude 

score of 10 (no better than guessing) with less than two years of studying English. What may 

have compensated for poor aptitude was the participant’s high motivation score of 175, which 

was near the total maximum score of 180. On the other hand, participant #140 had well below 

the average motivation score of 130, but was able to obtain a high GJT score of 163 (one SD 

above the mean) with only two years of studying English. This participant had a high aptitude 

score of 16. In summary, it seems that a highly motivated learner with less than extraordinary 

aptitude can still make great progress on par with those with high aptitude.  

Per Equation 4, aptitude and motivation are given equal weight in the formation of 

kinetic energy. The empirical evidence regarding their contribution to learning outcome, 

however, suggests that aptitude carries greater weight than motivation. The variance in GJT 

explained by aptitude ranged from 25 to 41 percent (Table 14), easily surpassing motivation’s 

share of about 2 to 3 percent in the variance explained (Table 21). Does this mean that talent for 

foreign languages matters more than motivated effort? The results of Table 14 and 21 do not 

categorically favor one or the other. As previously discussed (section 5.2), the coefficient of 

variation for motivation was three times smaller than aptitude. Plus, all participants were 

motivated to learn English; consequently, the separation in motivation needed to discriminate 

one learner from another was rather small. When the range of motivation is restricted (i.e., 

everyone is motivated) correlation coefficient goes down (Bandalos, 2018). Due to this 
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attenuation effect on correlation, direct comparison between aptitude and motivation vis-à-vis 

outcome warrants cautious interpretation and further research.   

In essence, the relationship between attainment and kinetic energy (aptitude and 

motivation combined) can be described by Equation 15: ζ(r) +  Λ =  −η2(GJTRCS)2 +

 ρ (GJTRCS)+ ∈. Since kinetic energy cannot be negative, the right side of the equation will 

remain positive as long as the second terms with the input mass is greater than the first term in 

which attainment is squared and multiplied by the negative of eta squared. When the effect of 

L1-TL deviance becomes greater than the positive contributions made by the input (the second 

part of the equation), the learning outcome reaches an asymptote. As a result, the strength of the 

correlation and variance explained diminishes with increase in proficiency, as demonstrated in 

the current study (Table 28). For most adult learners, no matter how much aptitude and 

motivation they have for learning the target language, it gets progressively more difficult to 

make advances towards native-likeness. The hill gets steeper, so to speak. To attain near-native 

proficiency, exceptional motivation and aptitude are required because of the squared term 

attached to the multiplicative effect of eta– the overwhelming influence of the L1-TL deviance. 

From a longitudinal perspective, regardless of one’s relative standing in motivation and aptitude, 

the learner may continue to gain proficiency in the target language but never reach native-

likeness. While small changes (due to L2 input, learner motivation) in the learning environment 

can have a striking impact on attainment when the TL proficiency is low, environmental 

stimulation in the form of instruction or motivation will not likely lead to drastic changes in the 

system’s behavior during the later stages. In sum, the behavior of kinetic energy can be 

characterized as being positively related to achievement in the initial stages of learning but the 

rate of improvement accelerates negatively during advanced proficiency, ultimately becoming 
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asymptotic as further gains become negligible. In fact, this type of nonlinear and asymptotic 

relationship between a learning outcome and its predictor has been universally recognized in 

cognitive psychology as a common phenomenon.  

 

5.4 Universality of Asymptotic Learning Curve  

 Theoretical and empirical support for the validity of ECT-L2A have long and widely 

existed in fields that study learning as a cognitive process. In its most generalized definition, 

learning curves relate practice and performance as a mathematical function (Ritter & Schooler, 

2001). Confirmations of mathematically derived learning curves in the field of psychology of 

learning have been well established for over a century. Historically, the term “learning curve” 

came into use largely as a result of the seminal work on memory and forgetting curve theory by 

the German psychologist Hermann Ebbinghaus in 1885 (Ebbinghaus, 1913). And as early as 

1897, Bryan and Harter discovered that the acquisition of telegraphic language followed an 

asymptotic curve in which the beginning had rapid rise in improvement followed by a period of 

impedance, creating a convex curve to the vertical axis similar to the curve of ECT-L2A (Figure 

5). These are also called “growth curves” when describing the progression of cognitive learning 

(Ninio, 2006).   

Studies have shown that the rate and the shape of learning curves appear to be fairly 

common across tasks: a pattern of rapid improvement followed by a period of diminishing 

returns (e.g. Anderson & Tweney, 1997; Delaney et al., 1998; Jones et al., 2000; Ohlsson, 1996; 

Rabbit & Banerji, 1989). This is often described as a negatively accelerated curve expressed 

mathematically as a power function. Thus, in cognitive psychology, learning is often said to 

follow the “power law of practice.” The power law states that improvements in performance due 
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to practice obeys a nonlinear and asymptotic growth, characterized as a positive rate of increase 

followed by a decrease in the rate of gains (Thorndike, 1913). Eventually, the learner reaches an 

asymptotic end-state and improvements in performance slow down considerably. In 1967, Fitts 

and Posner posited that the best fit for a learning curve is a power-law function, a sentiment 

shared by many researchers by 1981 (Newell & Rosenbloom, 1981). Since then, the power law 

of practice has been called “the ubiquitous law of practice” applicable in perceptual-motor skills, 

perception, motor behavior, memory, complex routines, problem solving and other tasks and 

measures. In L1 acquisition of syntax, the power-law function has been shown to have excellent 

fit with children’s developmental learning curves and generalization in early syntax (Ninio, 

2006). Regarding the widespread phenomena of learning curves characterized by the power 

function, Ritter & Schooler states: 

“The power law of practice is ubiquitous. From short perceptual tasks to team-based 

longer term tasks of building ships, the breadth and length of human behavior, the rate 

that people improve with practice appears to follow a similar pattern. It has been seen in 

pressing buttons, reading inverted text, rolling cigars, generating geometry proofs and 

manufacturing machine tools” (Ritter & Schooler, 2001, p. 8602).  

Although there are variations in how the function is derived, the power law is generally 

expressed as Y = a + bXc, in which Y is the learning outcome as some type of performative 

measure, X is the amount of practice, a is the asymptote, b is a constant, and c is the slope of the 

function, the rate of learning (Ninio, 2006). Graphically, this is manifested as the following 

asymptotic curve:  
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Figure 30: The Power Law of Practice 

Note: Hypothetical learning curve that represents the decrease in task time with increase in 

practice. Reprinted from Language and the Learning Curve: A new theory of syntactic 

development (p. 43) by A. Ninio, 2006, Oxford University Press. Copyright 2006 by Oxford 

University Press. 

 

Note that there is a striking similarity between the power law of practice and the energy 

conservation theory for second language acquisition (Compare Figure 30 to Figure 5). In fact, a 

linear model for asymptotic growth with identical properties of the power function has been 

proposed, which demonstrates this similarity. Shukla et al.’s (2011) alternative model of the 

power function has the following equation (p. 5991):  

Y =  a + 
𝑏

𝑋2 + 
c

𝑋
       (16) 

The above is equivalent in form to ECT-L2A through substitution: Y = total energy conserved; a 

= kinetic energy, b = eta squared; c = negative rho; and x = r. ECT-L2A has a similar formula of 
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a linearized alternative to power law of practice with parameters that include key aspects of 

second language acquisition for adults. According to Shukla et al.’s equation, as the amount of 

practice (X) increases, the reaction time of the task (Y) decreases until it reaches an asymptote 

(a). The exact rate and the curve of the change are determined by the parameters b and c. In 

ECT-L2A, the total energy is conserved, and X is the distance to the native-likeness, which 

causes kinetic energy to decrease (the asymptote that determines maximum output), marked by 

the parameters of eta (L1-TL deviance) and rho (input mass). The terminologies are different but 

the underlying nature of the variables and their resultant curve is the same. The two models 

(Equation 16 and 4) are mathematically comparable.  

This is a curious case of convergence of matching mathematical models each derived 

from two different fields. In cognitive psychology, the power law of practice is an ad hoc, 

descriptive model of a learning phenomenon. By examining the scatterplot of data, the 

mathematical formula of the power function was found to be the most robust fit of the 

relationship between practice and performance. The mathematical model was proposed first in an 

effort to describe a reoccurring observation. Theoretical explanations on why the learning curve 

must behaves in this manner would come later (e.g. Logan, 1988; Newell, 1990; Olhsson, 1996). 

Somewhat comparable to ECT-L2A’s goal to unify disparate observations in SLA, the pervasive 

application of the power law has led some researchers in psychology to call for a unified theory 

of cognition (e.g., Newell, 1990). In energy conservation theory, it was the theoretical 

framework inspired by physics that preceded the formula. The genesis of the ECT-L2A model 

came from the idea that given the learners’ limited capacity and resources, there is a conservation 

of energies that operate to produce a range of L2 development. Although the epistemological 

origins of the power law of practice and ECT-L2A are vastly different, the fact that they both 
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converge to an identical curve for modeling learning strongly suggests an underlying principle. 

Likewise, the present study was able to show the universality of ECT-L2A model for aptitude, 

11 different rules of grammar, and for all 8 attitude/motivation types (Tables 20 and 25). The 

universality of learning trajectory described by ECT-L2A and in other cognitive tasks suggest 

that the law of energy conservation may be fundamental to human abilities. That is, given the 

finite capacities and limited resources of the learner, learning amounts to a transformation of 

‘energies’ within a complex system of interacting and interdependent variables. A deeply 

fundamental aspect of the universe and the human experience may be that no energy can be 

created or destroyed but only changed in the process and the total energy of the system must 

remain constant. If that is the case, the core concept of interdependent energies undergoing 

transformations under a complex system to reach an equilibrium end-state should be considered 

a meta-theoretic framework in which multiple theories and key variables in L2 acquisition are 

unified and consolidated (Han et al., 2017b). Suffice it to say, the ubiquitous nature of 

asymptotic learning curve in cognitive psychology and its equivalent form by Shukla et al. 

(2011) –in addition to the results of the current study discussed thus far– strongly support the 

validity of ECT-L2A as a viable model of L2 acquisition.  

 

5.5 The Problem of Linearity in SLA Research 

 While cognitive psychology has enjoyed the fruits of mathematical models for over one 

hundred years, applied linguistics and SLA have been slow to adopt what is considered the 

modus operandi of scientific work. It is somewhat of an anomaly that a field that has been an 

avid practitioner of applied statistics (Plonsky & Oswald, 2014) would also be hesitant to fully 

express its theories as mathematical models. Consider that in physics all theories have a 
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verbalized explanation of the natural phenomena (e.g., energy cannot be created or destroyed, 

but can be altered from one form to another) and a corresponding mathematical expression (K1 + 

U1 = K2 + U2). In the field of SLA, theories are only verbalized; they are semantic explanations 

often accompanied by diagrams but never expressed mathematically. In the current study, take 

Skehan’s (1991) model of influences on language learning (Figure 1) or Gardner’s (2000) model 

of the role of aptitude and motivation in SLA (Figure 2) in which variables are diagrammed and 

semantically explicated. Aptitude and motivation are theorized to contribute to 

outcome/language achievement but these concepts are expressed as words not as equations. The 

exact nature of the relationship between key ID variables and their resultant effect on learning 

outcome is unspecified. Granted, not everything is amenable to quantification and appropriate for 

mathematical modeling in language acquisition or human behavior of learning. What is 

troubling, though, is that SLA has never yet attempted to express its theories mathematically 

when the field already relies heavily on quantitative methods of statistical analysis often based 

on psychometric scores. The unintended consequence of relying solely on semantics to generate 

and express theories is that the field may be at an impasse due to the problem of linearity in SLA 

research.  

The equation of ECT-L2A, in principle, describes a complex system behaving in a 

nonlinear fashion in which the same input leads to different outcomes depending on the state and 

the context of the parameters. Complex systems in the natural world often have nonlinear 

behavior and it should not come as a complete surprise that language acquisition involves 

complex systems. The first major theory to recognize language as a complex adaptive system in 

SLA was the framework of complexity and dynamic systems theory (CDST). The CDST 

approach to SLA can be traced to Larsen-Freeman’s (1997) seminal article on second language 
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acquisition viewed through the foundation of chaos and complexity science, founded on 

mathematics. It reimagines SLA process as a complex system in which any juncture of 

acquisition depends on its prior states and relationships among components. Acquisition emerges 

from the interaction of components and any changes made to one subsystem affect other 

subsystems within the complex system. Therefore, learning is both a flexible and stable process 

that involves fluid and attractor states of multiple factors that are softly assembled. The CDST 

framework views language development to be nonlinear, dynamic, unpredictable, adaptive, self-

organizing and sensitive to external factors (Larsen-Freeman, 2006). While nonlinearity of 

language acquisition has been acknowledged since the advent of CDST, an in-depth study of 

nonlinearity would be limited, if not impossible, without mathematical models. Expressing 

nonlinearity requires intentional and premeditated use of mathematical models beyond applied 

statistics. The raison d'être for this is that linearity has only one type, a straight line, but 

nonlinear relationships have seemingly an infinite number of shapes and curves possible. The 

formula of ECT-L2A not only specifies the exact nature of nonlinearity with asymptotic curve; it 

also shows that the acquisition process depends on its prior states and relationships among 

components of the larger system. Depending on where the learner was at point r1, (prior state), 

its relationship with motivation and aptitude changes at point r2 (post state). When r is large, 

motivation is relatively large, aptitude is effective, and learning may be linear and even 

exponential, but when r is small, motivation is smaller and aptitude is not as effective and 

learning is asymptotic (compare Tables 17 and 23, and Figures 17 and 29). ECT-L2A is the first 

theory to explicitly confirm that language acquisition is indeed subject to CDST.  

In the absence of explicit mathematical models, linearity is the default assumption. When 

relationships between variables are not specified but simply verbalized or diagrammed, SLA 
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researchers are unintentionally defaulting to linear models. Models by Skehan’s (1991) and 

Gardner (2000) and past research on motivation and aptitude have correlated their influence on 

L2 achievement (Dörnyei & Skehan, 2003; Ellis, 2006; Gardner, 2000), thus defaulting to 

linearity. Yet, expecting a straight-line relationship between two variables in human science is 

unrealistic because hardly any two variables can maintain linearity indefinitely. The crux of the 

problem is that linearity is often a ‘good enough’ approximation for all types of relationships 

both linear and nonlinear. Note that in the current study, motivation, aptitude and kinetic 

energy’s relationship to attainment was approximated with correlation (Tables 14, 21 and 26), 

similar to how it was done in the past research, yet the overall curve per ECT-L2A showed 

asymptotic and nonlinear relationships (Figures 17, 24 and 29). It is often good enough to 

correlate variables such as motivation or aptitude with attainment to show that the relationship is 

positively or negatively associated when the theory lacks any specific mathematical expressions 

to state otherwise. Nevertheless, one limitation of defaulting to linearity is that there is no 

recourse for nonlinearity or asymptotic relationships found in the data. In the current study, 

linear assumption was good enough to show that aptitude and kinetic energy were positively 

related but motivation had a negative association with attainment (Tables 14, 21 and 26). 

However, the same linear relationship was no longer operable for proficient learners (Tables 17, 

23, and 28). Because linearity is true in parts and parcel, it is often difficult to see the ‘big 

picture’ with linear assumptions. This is because straight-line relationships are almost never the 

full picture of how variables interact in human behavior over long periods or over a full range of 

abilities.  

Perhaps it is no coincidence that it has taken the field of SLA over five decades to 

officially theorize language acquisition as a nonlinear process via CDST and subsequently two 
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more decades for ECT-L2A to express it as a mathematical model. To fully embrace 

nonlinearity, mathematical models must continue to accompany future SLA research. The 

history of science teaches us that treading uncharted waters is the hallmark of progress and 

breakthroughs. Isaac Newton once recognized that in order to understand the law of gravity, a 

new method of doing math was needed to describe celestial motion. He was said to have thus 

invented differential calculus to explain the law of gravitation (Smith, 2007). Theory 

construction is often limited by the methods available and the framework in which theories are 

expressed. The field of SLA may still be young but it is also in danger of being trapped in a 

perpetual asymptotic growth, replete with incremental findings that contribute local, situated, 

atomistic and mostly observational understanding but provides no major theoretical 

breakthroughs. What is needed more than ever are fresh new perspectives and interdisciplinary 

partnerships, however unconventional they may be (Han et al., 2017b). In this regard, the social-

physics approach of outfitting conservation of energy for second language acquisition provides a 

unique perspective that is missing in most other SLA theories.  

 

5.6 Limitations  

The current dissertation has several limitations, and the three most notable ones and their 

remedies as future directions for ECT-L2A research are outlined herein. First, the longitudinal 

interpretation of ECT-L2A was based on a pseudo-longitudinal dataset. The study did not 

capture the transformation of the three energies during a diachronic process of L2 acquisition at 

the individual level. In doing so, it was assumed that the individual’s learning trajectory would 

follow the average of the sample across the range of proficiencies found in the dataset. The 

current study thus suffers from ecological fallacy or the ergodicity problem – i.e., the fallacy of 
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making inferences about individuals based on group statistics (Hiver & Al-Hoorie, 2020). There 

was, however, theoretical justification for extrapolating individual behavior based on group 

statistics. ECT-L2A is a model for both the process and the end-state. It predicts how learning 

would progress dependent on motivation and aptitude towards native-like proficiency. Since the 

current study was based on a theory that postulates certain outcomes throughout the learning 

process at the individual level, inferences about individual behavior founded on group statistics 

had some merit –assuming that group statistics are a collection of individual behavior. Needless 

to say, at the individual level, the likelihood of a learning outcome may not reflect the population 

trend predicted by ECT-L2A. For this reason, partial correlation analysis on possible 

confounding factors of length of years studying English and age of arrival were taken into 

consideration. Still, the ergodicity problem remained. There were individuals that did not follow 

the group trend as predicted by the model. Longitudinal study on the dynamic roles played by the 

variables of ECT-L2 would remedy this shortcoming and significantly contribute to the validity 

of the theory. For specific future directions, one way to improve upon the current research design 

is to conduct longitudinal studies with a large cohort of learners. A cohort of participants of a 

good sample size can be examined periodically throughout the entirety of their learning 

progression. The group is first measured on their motivation and aptitude as true beginners, then 

periodically throughout until ultimate attainment is reached for the majority of cohorts. 

Longitudinal studies of this magnitude would be difficult to sustain in terms of recruitment and 

retention but certainly not impossible. The benefit of such design would be that learner’s change 

in motivation and the influence of aptitude on L2 performance can be analyzed longitudinally. 

The individual cases can also be averaged to make inferences about group trends. More 
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importantly, longitudinal data points can be used to track changes in attainment and in the 

underlying dynamics of key variables. 

A second major limitation of the present study is that although the results of this 

dissertation study were promising, they do not outright validate ECT-L2. Only two variables of 

aptitude and motivation have been measured and analyzed. The other two variables of 

typological distance and the traction of the input relative to learners’ distance to the target 

language, or the potential and centrifugal energies have yet to be investigated. In the current 

study, the role of L1 was controlled for by sampling from the L1 Spanish population. This meant 

that differences in learning outcome could not be attributed to their differences in L1.33 Input 

mass, on the hand, may have been a deciding factor that distinguished between two learners with 

similar, if not identical scores on motivation and aptitude. For individual cases that did not 

follow the kinetic energy prediction, input mass may have contributed to the difference. To 

effectively validate the role of L1-L2 deviance, samples from different L1 populations, 

preferably with large distances between the two should be recruited for comparison. To this end, 

there are viable candidates for operationalization of typological distance between L1 and TL. If 

the target language is English, Chiswick and Miller’s (2005) proposed scalar measure of the 

distance between English and other languages could be used to validate the role of L1 to English 

distance. Since their scale was based on English proficiency among adult immigrants in US and 

Canada, it could be effective for studies with participants from North America. Using this 

design, a sample of Dutch to English (linguistic distance score of 2.75) group, for example, can 

be compared to the Japanese to English (linguistic distance score of 1.0) group vis-à-vis 

attainment (Table 5). Another candidate is the distance index based on the Automated Similarity 

 
33 Although strictly speaking, had age of arrival been looked into, it would have been possible to see differential 

influence of the L1 on L2 attainment (see Han & Bao, 2021).  
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Judgment Program (ASJP) Database (Wichmann, Holman & Brown, 2016), for designs in which 

English is not the target L2. For the operationalization of input mass, a careful analysis of 

robustness, frequency, quality, and authenticity of L2 input in the learner’s naturalistic 

surroundings can be used. A means to quantify input mass could prove to be more difficult, but 

that is an unavoidable prerequisite for validating ECT-L2A, and one in which future studies can 

explore.  

Finally, the third notable limitation was the limited range of abilities sampled in the 

study. Due to the natural distributional characteristics of proficiency, aptitude and motivation, it 

was difficult to find enough participants to demonstrate the extreme ends of the score 

distribution. The drawback is that range restriction on predictors have attenuation effect on 

correlation (Mendoza & Mumford, 1987). Notice that in Figure 29, ninety-six percent of the 

participants had kinetic energy between 0.0 and 0.5. Only eight participants were found between 

0.5 and 1.0. For GJT scores, the majority of English learners fell into the lower intermediate to 

upper intermediate range in proficiency. True beginners or those with nativelike proficiency 

were not found in the sample. This meant that in the analysis of data, predictions for those in the 

outlier groups were few and the model’s performance was not as reliable. It was difficult to see 

how near-native learners’ aptitude and motivation profiles would confirm ECT-L2A. Likewise, 

without any true beginners, the separation in achievement among beginners due to motivation 

and aptitude could not be stated categorically. As for the measure of motivation, most learners 

were motivated to learn English and as a result, differentiation based on motivation was based on 

very small dissimilarities.  For ECT-L2A to demonstrate its full predictive power, a sample of 

unmotivated learners would improve the model fit and clearly delineate the curve of ECT-L2A. 

The current study was only able to demonstrate the effect of small differences in motivation 
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among motivated learners, but how unmotivated learners would fare in comparison to motivated 

learners could not be validated. The challenge for future research would be to find adult learners 

of L2 who are not motivated to learn the language, however paradoxical that may seem. In 

general, most participants fall within the one standard deviation of the mean, regardless of what 

the variable of interest may be. In ECT-L2A research, it is often the outliers: true beginners, 

near-native proficient L2 learners, the unmotivated, linguistic savants, and polyglots that 

contribute more to the validation of ECT-L2A, and potentially make the most interesting 

contribution to the dataset. However, these are also extremely illusive and hard to find 

participants. Future research on the so-called outliers may provide stronger evidence in support 

of ECT-L2A. Lastly, as discussed in section 3.3.2 because GJT measured the participants’ 

receptive morphosyntactic knowledge, it only provided a partial window into their L2 

competence. Future studies may consider diversifying the measure of r as both receptive and 

productive skills.  

 

5.7 Future Directions  

In conclusion, the ideal design would have remedies against all three limitations: 1) a 

longitudinal cohort with a large sample size, assessed periodically; 2) at least two or more groups 

of different L1 backgrounds, and a measure of individual’s L2 input mass; 3) a wide range of 

abilities and motivation represented: true beginners, near-natives, unmotivated, highly motivated, 

low aptitude, and the linguistically gifted.  

It appears that the field of SLA is undergoing a paradigmatic shift. Over the past two 

decades, complex dynamic systems theory has increasingly gained acceptance, calling into 

question traditional conceptions of language development. According to Hulstijn (2020), the 
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field of linguistics and psychology are currently entering the era of language as a complex 

adaptive system (LCAS), “the ultimate metatheory for phenomena of language acquisition, 

language use, and language change” (p. 21). It is now more widely accepted that language 

development is a complex and nonlinear process in which key variables are interrelated. In the 

same vein, the current study’s partial validation of ECT-L2A was able to demonstrate the 

asymptotic nonlinearity of L2 developmental trajectory as a function of aptitude and motivation. 

What lies ahead is addressing the dynamicity of L2 acquisition at the individual level. This 

requires a proper treatment of SLA as a non-ergodic system in which the learning process is 

heterogeneous in time and across individuals (Molenaar, 2015). Future empirical validations of 

ECT-L2A ought to address the ergodicity problem (Lowie & Verspoor, 2019) by pursuing 

research methodologies that are ‘person-oriented’ rather than exclusively relying on cross-

sectional group statistics (Benson, 2019). In closing, the beauty of ECT-L2A is that it 

encapsulates what the next chapter in SLA research could look like: an interdisciplinary 

approach to mathematical modeling that recognizes language development as a nonlinear, 

dynamic, and non-ergodic system of individual differences.   
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Appendix A 

LLAMA_F (grammatical inferencing task), translated from Spanish to English below 

Directions: 

Your task is to use the time available to learn all you can about a new language. 

You will see a picture and a sentence that describes it. 

For example, unak-ek eked-ilad is the sentence that describes the following image. You will see 

a total of 20 images, each with a sentence describing the image. You will have 15 seconds for 

each image. You will have a total of 5 minutes to try to decipher the grammar of the new 

language from 20 images. You are allowed to take notes if you wish. 

After the five minutes, your understanding of the new language will be assessed. During the test, 

you will see a picture and two phrases. One sentence is grammatically correct, while the other 

contains a major grammatical error. You have to choose the sentence that you think is correct. 

There are twenty test items in total. 

 
 

After the five minutes, your understanding of the new language will be assessed. During the test, 

you will see a picture and two phrases. One sentence is grammatically correct, while the other 
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contains a major grammatical error. You have to choose the sentence that you think is correct. 

There are twenty test items in total. 

 
Let's try a really simple example. 

 

 
2-sartshe 

 

Try to find out what "2-sartshe" means based on the image. 

 

 

Now which sentence below is the correct description for this image? 

 

 
  

  
• 3-sartshe 

• 3-kartkhe 
 

You will see a picture and a sentence that describes the picture. You will have 15 seconds to 

figure out how the sentence describes the image. After 15 seconds, you will see a new image 

with a new sentence. You will see a total of 20 images and 20 phrases that describe each image. 

After 15 seconds, you will not be able to see the same image again. You can take notes for 15 

seconds to try to learn the meaning of the sentence.  
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LLAMA_F Images and Their Matching Grammar  
 

 
atak-arap-sa 

 
atak-arap  

 
ipot-arap 

 
eket-arap 

 
umush atak-arap-sa 

 
inut-ek ipot-arap 

 
unak-ek ipot-arap 

 
unak-em ipot-arap 

 
umush-ek atak-arap 

 
umush-em eket-arap 

 
ipod-ilad-za 

 
ipod-ilad 

 
eked-ilad 

 
eked-ilad-za 

 
umush atag-ilad-za 

 
inut-ek ipod-ilad 

 
unak-ek eked-ilad 

 
unak-em ipod-ilad 
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umush-ek eked-ilad 

 
umush-em ipod-ilad 

 

 

LLAMA_F Test  

 
Your ability to match the correct sentences describing new images will now be assessed. There is 

no time limit, but try to answer each question as quickly as possible. How quickly you respond 

will be recorded. 

 
 

1.  

 

 

eket-

arap-

sa 

 

eket-

arap 
 

2.  

 

 

ipod-

ilad-za 

 

ipod-

ilad 
 

3.  

 

 

ilad-

eked 

 

eked-

ilad 
 

4.  

 

 

atak-

arap-

sa 

 

arap-

atak-

sa 
 

5.  

 

 

ipod-

arap 

 

ipot-

arap 
 

6.  

 

 

atag-

ilad 

 

ilad-

atag 
 

7.  

 

unak 

atak-

arap-

sa 

atak-

arap-

sa 

unak 
 

8.  

 

ipot-

arap 

umush-

ek 

umush-

ek ipot-

arap 
 

9.  

 

unak-

ek 

ipot-

arap 

unak 

ipot-

arap 
 

10.  

 

inut-

ek 

eket-

arap 

eket-

ek 

inut-

arap 
 

11.  

 

unak-

em 

eked-

ilad 

unak-

ek 

eked-

ilad 
 

12.  

 

umush-

em 

ipod-

ilad 

umush-

ek 

ipod-

ilak 
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13.  

 

unak-

sa 

ipot-

arap-

sa 

unak 

ipot-

arap-

sa 
 

14.  

 

umush 

ipot-

arap-sa 

umush-

ek ipot-

arap-sa 
 

15.  

 

 

ipod-

orad-za 

 

ipod-

orad  
 

16.  

 

 

atag-

orad-

sa 

 

atag-

orad-

za 
 

17.  

 

 

orad-

eked-

za 

 

eked-

orad-

za 
 

18.  

 

 

umush-

ek atag-

orad 

 

umush 

atag-

orad 
 

19.  

 

unak-

ek 

atag-

orad 

unak-

em 

atag-

orad 
 

20.  

 

em 

ipod-

orad 

 

ipod-

orad 
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Appendix B 

Attitude/Motivation Test Battery 

(English version: translated from Spanish to English below)  

Following are a number of statements with which some people agree and others disagree. Please 

circle one alternative below each statement according to the amount of your agreement or 

disagreement with that item. The following sample item will serve to illustrate the basic 

procedure.  

a. Studying English with others is better than studying alone.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

In answering this question, you should have circled one alternative. Some people would have 

circled “Strongly Disagree”, others would have circled “Strongly Agree”, while others would 

have circled any of the alternatives in between. Which one you choose would indicate your own 

feeling based on everything you know and have heard. Note: there is no right or wrong answer.  

1. I wish I could speak many foreign languages perfectly.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

2. I don’t pay much attention to the feedback I receive in my English class.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

3. Learning English is really great.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

4. Studying English is important because it will allow me to be more at ease with people 

who speak English.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

5. I have a strong desire to know all aspects of English.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

6. Studying foreign languages is not enjoyable.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 



 

  201 

 

7. I make a point of trying to understand all the English I see and hear.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

8. Studying English is important because I will need it for my career.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

9. Knowing English isn’t really an important goal in my life.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

10. I hate English.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

11. I wish I could read newspapers and magazines in many foreign languages.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

12. I don’t bother checking my assignment when I get them back from my English teacher.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

13. I really enjoy learning English. 

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

14. Studying English is important because it will allow me to meet and converse with more 

and varied people.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

15. If it were up to me, I would spend all of my time learning English.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

16. I really have no interest in foreign languages.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

17. I keep up to date with English by working on it almost every day.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

18. Studying English is important because it will make me more educated.  
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Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

19. I sometimes daydream about dropping English.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

20. I would rather spend my time on subjects other than English.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

21. I would really like to learn many foreign languages.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

22. I put off my English homework as much as possible.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

23. English is a very important part of the school program.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

24. Studying English is important because it will enable me to better understand and 

appreciate the English way of life.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

25. I want to learn English so well that it will become natural to me.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

26. It is not important for us to learn foreign languages.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

27. When I have a problem understanding something in my English class, I always my 

teacher for help.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

28. Studying English is important because it will be useful in getting a good job.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

29. I’m losing any desire I ever had to know English.  
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Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

30. Learning English is a waste of time.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

31. If I planned to stay in another country, I would try to learn their language.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

32. I tend to give up and not pay attention when I don’t understand my English teacher’s 

explanation of something.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

33. I plan to learn as much English as possible.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

34. Studying English is important because I will be able to interact more easily with speakers 

of English.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

35. I would like to learn as much English as possible.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

36. Most foreign languages sound crude and harsh.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

37. I really work hard to learn English.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

38. Studying English is important because other people will respect me more if I know 

English.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

39. To be honest, I really have no desire to learn English.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 
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40. I think that learning English is dull.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

41. I enjoy meeting people who speak foreign languages.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

42. I can’t be bothered trying to understand the more complex aspects of English.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

43. I love learning English.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

44. I wish I were fluent in English.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

45. I would rather see a TV program dubbed into our language than in its own language with 

subtitles.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

46. When I am studying English, I ignore distractions and pay attention to my task.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

47. I haven’t any great wish to learn more than the basics of English.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

     48. When I leave school, I will give up the study of English because I am not interested in it.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 

 

49. I believe that one day my English skills will be just like a native speaker.  

Strongly 

Disagree 

Moderately 

Disagree 

Slightly 

Disagree 

Slightly 

Agree 

Moderately 

Agree 

Strongly 

Agree 
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Following are a number of statements about how often you use English on a daily basis. For each 

statement below please circle one option according to the amount of time you spend for each 

activity. 

 

1. I spend time with English speaking friends  

Always Very 

Frequently 

Sometimes  Rarely Very rarely Never  

 

2. I spend most of my day with English speaking people  

Always Very 

Frequently 

Sometimes Rarely Very rarely Never  

 

3. I watch TV shows, movies, or internet videos in English   

Always Very 

Frequently 

Sometimes Rarely Very rarely Never  

 

4. I read books in English   

Always Very 

Frequently 

Sometimes Rarely Very rarely Never  

 

5. I read newspapers or magazines in English   

Always Very 

Frequently 

Sometimes Rarely Very rarely Never  

 

6. I listen to English radio  

Always Very 

Frequently 

Sometimes Rarely Very rarely Never  

 

7. I write emails and text messages in English   

Always Very 

Frequently 

Sometimes Rarely Very rarely Never  
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Attitude/Motivation Test Battery Items Key 

 

Retrieved from http://publish.uwo.ca/~gardner/docs/QuestionnaireKeys.pdf 

 

 Questionnaire Item Number 

 

Component Measures Positively Keyed Negatively Keyed  

 

Interest in Foreign Language 1, 11, 21, 31, 41 

 

6, 16, 26, 36, 45  

 

Motivational Intensity 7, 17, 27, 37, 46  

 

2, 12, 22, 32, 42 

 

Attitudes Toward Learning 3, 13, 23, 33, 43 

 

10, 20, 30, 40, 48 

 

Integrative Orientation 4, 14, 24, 34, 49 

 

N/A  

 

Desire to Learn English 5, 15, 25, 35, 44 

 

9, 19, 29, 39, 47 

 

Instrumental Orientation 8, 18, 28, 38 

 

N/A  
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Appendix C 
 

Instructions (translated from Spanish to English below): 

 

Your English grammar ability will now be assessed. When you're ready, click the "play" button. 

You will hear a sentence in English. You can listen to the phrase as many times as you want by 

clicking the play button. Then indicate whether the sentence is grammatically correct or 

grammatically incorrect. Try to answer each question as quickly as possible. You will be timed 

how quickly you can decide whether the sentence is correct or incorrect. If you're not sure, don't 

guess. Choose the "I don't know" option if you don't know. 

 

GRAMMATICALITY JUDGMENT TEST ITEMS GROUPED BY STRUCTURE 

 

Practice Items 

1. A snake bit she on the leg* 

2. Susan is making some cookies for us. 

3. The baby bird has fall from the oak tree* 

4. The little boy was counting all his pennies last night. 

 

Past Tense 

 

A. Past tense marking omitted in obligatory context (PTMO) 

 

1. Last night the old lady die in her sleep.*  

    Last night the old lady died in her sleep.  

2. Sandy fill a jar with cookies last night.*  

    Sandy filled a jar with cookies last night.  

3. John sing for the church choir yesterday.*  

    John sang for the church choir yesterday.  

 

B. Irregular verbs regularized (PTIR) 

 

4. Janie sleeped with her teddy bear last night.*  

    Janie slept with her teddy bear last night.  

5. Last night the books falled off the shelves.*  

    Last night the books fell off the shelves.  

6. A policeman gived Alan a ticket for speeding yesterday.*  

    A policeman gave Alan a ticket for speeding yesterday.  

 

C. Regular ending on irregular stem (PTII) 

 

7. A bat flewed into our attic last night* 

    A bat flew into our attic last night  

8. Yesterday the teacher sented Allison to the principal.* 

    Yesterday the teacher sent Allison to the principal.* 

9. Mr. Murphy hidded his money under his mattress.* 
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    Mr. Murphy hid his money under his mattress.* 

 

Plural 

 

A. Plural marking omitted in obligatory context (PLMO) 

 

10. Three boy played on the swings in the park.*  

      Three boys played on the swings in the park.  

11. Many house were destroyed by the flood last week.*  

      Many houses were destroyed by the flood last week.  

12. The farmer bought two pig at the market.*  

      The farmer bought two pigs at the market.  

 

B. Irregular plurals regularized (PLIR) 

 

13. A shoe salesman sees many foots throughout the day.*  

      A shoe salesman sees many feet throughout the day.  

14. Two mouses ran into the house this morning.*  

      Two mice ran into the house this morning.  

15. The boy lost two teeths in the fight.*  

      The boy lost two teeth in the fight. 2 

 

C. Mass nouns used with plural marker (PLMN) 

 

16. I need to get some informations about the train schedule.*  

      I need to get some information about the train schedule.  

17. Our neighbor bought new furnitures last week.*  

      Our neighbor bought new furniture last week.  

18. Teachers often give useful advices to their students.*  

      Teachers often give useful advice to their students.  

 

Third-Person Singular 

 

A. Third-person -s omitted in  obligatory context (TPSO) 

 

19. John’s dog always wait for him at the corner.*  

      John’s dog always waits for him at the corner.  

20. Mrs. Sampson clean her house every Wednesday.*  

      Mrs. Sampson cleans her house every Wednesday.  

21. Every Friday our neighbor wash her car.*  

      Every Friday our neighbor washes her car.  

 

B. Third-person -s marked on main verb after modals (TPSM) 

 

22. John can plays the piano very well.*  

      John can play the piano very well.  
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23. Our new neighbor should turns his radio down a bit.*  

      Our new neighbor should turn his radio down a bit.  

24. Mary will goes to Europe next year.*  

      Mary will go to Europe next year.  

25. The Johnsons may are moving to Chicago this fall.* 

      The Johnsons may be moving to Chicago this fall.  

26. Mrs. Newport will is leaving the party early.* 

      Mrs. Newport will be leaving the party early.* 

 

Present Progressive 

 

A. Progressive -ing omitted in obligatory context (PPMO) 

 

27. The little boy is speak to a policeman.*  

      The little boy is speaking to a policeman.  

28. Janet is wear the dress I gave her.*  

      Janet is wearing the dress I gave her.  

29. The boy has been lie to his father.*  

      The boy has been lying to his father.  

 

B. Progressive auxiliary omitted (PPAO) 

 

30. Tom working in his office right now.* 

      Tom is working in his office right now.  

31. The children playing in the garden till dark these days.*  

      The children are playing in the garden till dark these days.  

32. Bob trying to fix Jim’s car with his new tools.*  

      Bob is trying to fix Jim’s car with his new tools.  

 

Determiners 

 

A. Determiner omitted in obligatory context (DEOM) 

 

33. Tom is reading book in the bathtub.*  

      Tom is reading a book in the bathtub.  

34. Mrs. Johnson went to library yesterday.*  

      Mrs. Johnson went to the library yesterday. 

35. The boy is helping the man build house.*  

      The boy is helping the man build a house.  

 

B. Determiner used with abstract nouns (DEAB) 

 

36. The beauty is something that lasts forever.*  

      Beauty is something that lasts forever.  

37. After a life like that he will go straight to the hell.*  

      After a life like that he will go straight to hell.  
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38. The red is a beautiful color.*  

      Red is a beautiful color.  

39. The men played the basketball in the backyard.* 

      The men played basketball in the backyard.* 

 

 

Pronominalization 

 

A. Pronoun omitted in obligatory context (PROM) 

 

40. Peter made out the check but didn’t sign.*  

      Peter made out the check but didn’t sign it.  

41. Mary looked at the flowers but didn’t buy.*  

      Mary looked at the flowers but didn’t buy them. 

42. John took a sweater along but didn’t put on.*  

      John took a sweater along but didn’t put it on.  

43. Mike wrote the letter but didn’t send.* 

      Mike wrote the letter but didn’t send it.  

 

B. Gender errors (PRGE) 

 

44. The girl cut himself on a piece of glass.*  

      The girl cut herself on a piece of glass.  

45. Peter did not have any money on her.*  

      Peter did not have any money on him.  

46. Mary fell but he did not break any bones.*  

      Mary fell but she did not break any bones.  

47. John knew but she did not tell.* 

      John knew but she did not tell.  

 

Particle Movement 

 

A. Phrasal verb separation not allowed (PMSE) 

 

48. The man climbed the ladder up carefully.*  

      The man climbed up the ladder carefully.  

49. The drunk slept his hangover off in the guest room.*  

      The drunk slept off his hangover in the guest room.  

50. The new neighbors carried a long conversation on.*  

      The new neighbors carried on a long conversation.  

51. This plastic gives a weird smell off.* 

      This plastic gives off a weird smell.  

 

B. Phrasal verb separation allowed, but particle moved too far (PMTF) 

 

52. Kevin called Nancy for a date up.*  
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      Kevin called Nancy up for a date.  

53. The man looked the new cars yesterday over.*  

      The man looked the new cars over yesterday.  

54. She broke her shoes very carefully in.*  

      She broke her shoes in very carefully.  

55. Mary took her coat quickly off.* 

      Mary took her coat off quickly.  

 

Subcategorization (SUBC) 

 

56. George says much too softly.*  

George says his prayers much too softly.  

57. The little boys laughed the clown.*  

The little boys laughed at the clown.  

58. John said me that his wife was ill.*  

John told me that his wife was ill.  

59. The student was learning in his room until late last night.* 

The student was studying in his room until late last night.  

60. I want you will go to the store now.* 

I want you to go to the store now.  

61. I hope you to go to the store now.* 

I hope you will go to the store now.  

62. The man allows his son watch TV.* 

The man allows his son to watch TV. 

63. The man lets his son to watch TV.* 

The man lets his son watch TV.  

64. The girls want watching TV. * 

The girls want to watch TV.  

65. The girls enjoy to watch TV.* 

The girls enjoy watching TV.  

 

Yes-No Questions 

 

A. *aux Aux s[ . . . (YNAA) 

 

66. Will be Harry blamed for the accident?*  

Will Harry be blamed for the accident?  

67. Has been the King served his dinner?*  

Has the King been served his dinner?  

68. Is being the baby held by his mother?*  

Is the baby being held by his mother?  

 

B. *aux Verb s[ . . . (YNAV) 

 

69. Can ride the little girl a bicycle?*  

Can the little girl ride a bicycle?  
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70. Will wear Harry his new shirt to the party?*  

Will Harry wear his new shirt to the party?  

71. Is waiting Sally in the car?*  

Is Sally waiting in the car?  

 

C. *V s[ . . . (YNVS) 

 

72. Knows John the answer to that question?*  

Does John know the answer to that question?  

73. Swam Janet in the race yesterday?*  

Did Janet swim in the race yesterday?  

74. Danced Bill at the party last night?*  

Did Bill dance at the party last night?  

 

D. Double tense marking (YNDT) 

 

75. Where did Arnie hunted last year?*  

Where did Arnie hunt last year?  

76. Did Bobbie stayed at home last night?*  

Did Bobbie stay at home last night?  

77. Does Martha uses her microwave oven?*  

Does Martha use her microwave oven?  

 

Wh-Questions 

 

A. No aux inversion (WHNI) 

 

78. What Martha is bringing to the party?*  

What is Martha bringing to the party?  

79. Where Ted is working this summer?*  

Where is Ted working this summer?  

80. When Sam will fix his car?*  

When will Sam fix his car?  

 

B. No aux (WHNA) 

 

81. Who you meet at the park every day?*  

Who do you meet at the park every day?  

82. What they sell at the corner store?*  

What do they sell at the corner store?  

83. When they leave for Mexico?*  

When do they leave for Mexico?  

 

Word Order 

 

A. S V DO order violated (WODO) 
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84. The dinner the man burned.*  

The man burned the dinner.  

85. The ball the boy caught.*  

The boy caught the ball.  

86. The girl the movie likes.*  

The girl likes the movie.  

 

B. S V IO DO order violated (WOIO) 

 

87. The woman the policeman asked a question.*  

The woman asked the policeman a question.  

88. The boy carrots feeds the rabbits.*  

The boy feeds the rabbits carrots.  

89. Linda a cake baked John.*  

Linda baked John a cake.  

 

C. S V order violated (WOVS) 

 

90. Bites the dog.*  

The dog bites.  

91. Drinks the man.*  

The man drinks.  

92. Paints the woman.*  

The woman paints.  

 

D. S V PP order violated (WOPP) 

 

93. The students to the movies went.* 

The students went to the movies.  

94. The children with the dog play.* 

The children play with the dog.  

95. All our friends in the suburbs live.* 

All our friends live in the suburbs.  

 

E. Adverb placement (WOAD) 

 

96. The student eats quickly his meals.*  

The student eats his meals quickly.  

97. Kevin rides usually his bicycle to work.*  

Kevin usually rides his bicycle to work.  

98. My neighbor enjoyed slowly his dessert.*  

My neighbor slowly enjoyed his dessert.  
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Appendix D 
 

Background Questionnaire (translated from Spanish to English below) 

 

Student’s name: _____________________________________    _________________________ 

   (Last/Surname)        (First)  

 

Gender:  ☐ Male ☐ Female   

 

Age: __________________    What country are you from? ______________________________ 

 

 

What is your year of birth? ________________________________________________ 

 

What native language do you speak? ________________________________________________ 

 

What is the highest grade or level of school that you have completed? 

 

☐ Middle School 

☐ High School 

☐ Some College 

☐ Graduated 2-year college 

☐ Graduated 4-year college 

☐ Post graduate 

 

How old were you when you came to the United States? ________________________________ 

                  (number of years or months) 

 

How long have you lived in the United States? ________________________________________ 

                  (number of years or months) 

 

How long have you studied English? ________________________________________________ 

                            (number of years or months) 

 

How have you studied English? For example: in school? Self-study? Online resource?   

 

______________________________________________________________________________ 

 

How old were you when you first started to learn English? ______________________________ 

 

What is your reason for learning English? ____________________________________________ 

 

Do you live with any English-speaking people? _________ How many? _____________  

How long? ______________ 
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