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ABSTRACT 

 
A central question in SLA is the interaction of internal and external variables, and 

this dissertation contributes to the field by investigating the effects of bilingualism and aging on language 

development under different instructional conditions. Prior research suggests that bilingual young adults 

generally have an advantage over monolinguals in learning a non-primary language (e.g., Cenoz & 

Valencia, 1994; Sanz, 2000, 2007), an advantage that is more evident in less explicit instructional 

conditions (e.g., Lado, 2008; Lin, 2009). In addition, research suggests that older adults are better able to 

learn non-primary languages under less explicit than explicit conditions (Midford & Kirsner, 2005; Lenet 

et al., 2011). To aid in explaining the role of bilingualism, aging, and instructional conditions on 

development, this study also measures attentional control (ANT and Simon task), language aptitude 

(MLAT), and non-linguistic implicit sequence learning (ASRT). 

Ninety-four participants who were either young adults (age 18-27) or older adults (age 60+) and 

either monolingual English speakers or bilingual English/Spanish speakers completed the Latin Project 

(Sanz, Stafford, & Bowden), targeting the assignment of thematic roles to nouns in Latin, which differs in 

cues from that of English or Spanish. Participants completed a vocabulary lesson and quiz, a battery of 

four assessments as pre, immediate post, and delayed posttests, and task-essential practice either with or 

without previous grammar explanation (more and less explicit instruction). Language development was 

measured via accuracy and reaction time. Results revealed a bilingual advantage in accuracy, largely due 

to increased aptitude compared to monolinguals, and especially for bilinguals in the more explicit 

condition, a finding that differs from studies that used metalinguistic feedback as explicit instruction (e.g., 

Lado, 2008). In addition, older adults’ accuracy did not vary by condition, suggesting that grammar 
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explanations prior to practice are not as disruptive as is metalinguistic feedback (Lenet et al., 2011), nor 

did it generally differ from young adults’ accuracy. Attentional control and non-linguistic implicit 

sequence learning predicted changes in latency rather than accuracy. These findings add to our 

understanding of bilingual effects on cognition, mitigate negative stereotypes of aging and learning, and 

have implications for foreign language pedagogy. 
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Chapter 1: Introduction 

It has long been noted, regardless of the theoretical orientation of the linguist, that child L1 and 

adult L2 acquisition crucially differ in the amount of individual variation involved. Aside from cases of 

language impairment or lack of exposure (either from parental abuse or the case of deaf children born to 

hearing families who do not learn sign language), all normally developing children learn at least one 

language from birth to full proficiency. Child L2 acquisition closely resembles child L1 acquisition in 

many cases; research into the Critical Period Hypothesis has yet to determine the exact age (if there is 

one) at which children lose the ability to learn a language effortlessly and in a native-like way. 

 In contrast, second language acquisition (SLA) (especially with adult learners) is marked by high 

levels of individual variation both in the processes of acquisition and the state of the final product. The 

causes of these phenomena are unknown. For researchers approaching these questions from a cognitive 

perspective – that is, that languages are acquired via the same mechanisms as many other cognitive skills 

and behaviors – explanations have been sought from a variety of internal variables that constitute 

individual differences (IDs) between human learners that affect learning outcomes. For SLA, these 

differences range from social-affective factors (e.g., motivation, personality, and attitude) to cognitive 

capacity factors (e.g., working memory capacity, attentional control, and previous language experience as 

it affects cognition) to socio-biological factors such as gender and age. Aside from these internal 

variables, the context in which the learner finds him or herself also has an impact on rate and final 

attainment of an L2: learning outcomes from immersion contexts differ from those in foreign language 

classrooms (e.g., Freed & Segalowitz, 2004, and others). In laboratory studies, these contexts are often 

defined by provision of explicit grammatical information in either a pre-practice explanation or as part of 

feedback. When such grammatical information is given, the condition is said to be explicit, whereas when 

it is not, it is less explicit or implicit. Since IDs do not exist in a vacuum but instead in a certain learning 

context, and likewise since learners in certain conditions are not identical but rather diverge on a number 

of IDs, the most powerful SLA investigations come from interactions between internal and external 

variables. This chapter will review how two IDs of interest, bilingualism and aging, affect human 
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cognition, thus implicating effects of these two IDs for non-primary language learning in instructional 

conditions that establish different levels of cognitive demands.  

Bilingualism and Cognition 

 In addition to proposing that SLA uses the same cognitive processes as other types of learning, 

and thus that cognitive processing is a shared (not modular) system, SLA/Bilingualism researchers 

coming from a cognitive perspective also propose that cognition can change throughout the lifespan 

(Bialystok, Martin, & Viswanathan, 2005). Empirical evidence argues that the balanced bilingual brain – 

that is, one that processes two languages in reading, writing, speaking, and listening on a daily basis – in 

fact shows cognitive differences from a monolingual brain, both in terms of behavior and neural 

activations. Bilingual benefits are found in cognitive control, defined by Bialystok as “the ability to 

selectively attend to specific aspects of a representation, particularly in misleading situations” (Bialystok 

et al., 2005, p., 105), as well as in childhood development of metalinguistic awareness) e.g., Bialystok & 

Barac, 2012) and theory of mind (Goetz, 2003). In addition, bilingual disadvantages are found in tasks 

that require speeded retrieval of lexical items. Of these general findings, enhanced cognitive control is the 

most likely to be informative to studies of adult SLA, since the advantage has been found in some adult 

populations (e.g., Costa et al., 2007, 2008; Bialystok et al., 2004) and regulates allocation of attention, a 

crucial step in processing L2 input (Schmidt, 2001). 

The bilingual benefit in cognitive control seems to be due to the daily practice in which bilinguals 

engage when they activate one language and inhibit the other. This process uses the part of executive 

control termed inhibition – and more specifically, it relies on interference suppression (suppressing the 

distracting part of a bivalent cue, such as phonological similarity to a representation in another language) 

rather than response suppression (suppressing a previously learned univalent cue-response mapping). 

Since interference suppression depends on the exact cue presentation (for the previous example, the 

phonological form of the word), it cannot be planned for ahead of time, thereby necessitating maintenance 

of a high state of alertness to evaluate each cue presentation as well as maintenance of the task’s goal 

(Bialystok, Craik, & Luk, 2012; Hilchey & Klein, 2011). These theories explain the empirical evidence 
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well: studies show bilingual advantages not only in interference suppression on incongruent trials in the 

Simon task, the Stroop task, and the ANT (Bialystok and colleagues; Costa and colleagues) but also 

bilingual advantages in conflict monitoring (Hernández et al., 2010), in the RT on congruent trials of the 

above-mentioned tasks (e.g., Bialystok et al., 2005) and in goal maintenance (Colzato et al., 2008). The 

root explanation for these effects is parsimonious in that it is based on the distinguishing characteristic 

between all monolinguals and all balanced bilinguals: Since bilinguals have two language representations 

in their mind but only use one at a time
1
, they are necessarily selecting one over the other and monitoring 

input to see which language it is, neither of which are activities monolinguals have to do.  

Moreover, Abutalebi and Green (2007) present neuroimaging data that link L2 proficiency to 

both linguistic and executive control. They found evidence for a functional integration between substrates 

associated with aspects of control: the basal ganglia (language selection, planning, lexical selection) and 

anterior cingulate cortex (ACC; attention, conflict monitoring, error control) moderate the activity of the 

prefrontal cortex (response selection, response inhibition, executive function). Level of L2 proficiency is 

related to the extent of additional prefrontal cortex activation: less proficient L2 speakers show more 

activation in this area, likely due to their language processing being more controlled (less automatized) 

than more proficient speakers. To further investigate the neural substrates of language-specific and non-

linguistic executive control, Abutalebi et al. (2011) found that bilinguals and monolinguals activated the 

ACC for both switching languages in a picture-naming task (linguistic) and switching conditions in a 

flanker task (non-linguistic), but that bilinguals showed more efficient activation. That is, bilinguals 

showed less activation of the ACC while outperforming monolinguals behaviorally on a domain-general 

control task.  

There is nevertheless evidence that while language-specific control and executive control may 

share some overlap, they are not identical. Calabria, Hernández, Branzi and Costa (2012) compared 

language switching in a picture-naming task to rule switching in a card-sorting task. They specifically 

                                                 
1
 Here I refer to literal moments of time: bilinguals cannot produce output or comprehend input in two languages 

at exactly the same instant. In contrast, many bilinguals engage in code-switching within an utterance, but this still 
involves activation and suppression of languages as they switch between them.  
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focused on the asymmetrical switch cost noted in previous studies, that switching into the easier task 

(e.g., easier sorting condition or L1 condition) creates a larger switching effect because of the amount of 

inhibition that was needed to suppress the easier condition previously. For balanced L1/L2 

(Spanish/Catalan) bilinguals, there were asymmetrical switch costs in the non-linguistic but not the 

linguistic task. The same pattern obtained for unbalanced L1/L3 bilinguals (Spanish/English – L2 was 

Catalan but did not play a role in the second experiment). Therefore, while some of the same resources 

may be recruited for linguistic and non-linguistic switching, there also seem to be qualitative differences 

in the two types of control. 

In addition, Weissberger, Wierenga, Bondi, and Gollan (2012) investigated whether aging equally 

impacts linguistic and non-linguistic control. To do so, 30 young adults and 30 older adults were matched 

in L2 (Spanish) proficiency on the Multilingual Naming Test. Then, they completed a cued language-

switching task (naming the number on the screen in the specified language) and a cued color-shape 

switching task (pressing the button corresponding to the shape or color of the image on the screen). While 

younger adults outperformed older on both tasks (in terms of accuracy and RT), deficits due to aging were 

greater on the color-shape task than the switching task. Interestingly, five of the older adults were unable 

to correctly complete the color-shape task, but were able to complete the language-switching task. The 

authors conclude that linguistic and non-linguistic executive control are related but not identical, with 

linguistic executive control being better preserved in old age. This preservation is possibly due to the 

increased practice bilingual adults have with language switching compared to an artificial laboratory task.  

Importantly, bilingual effects on executive function have been found for a variety of types of bilinguals: 

early bilinguals in L2-dominated contexts (e.g., Bialystok et al., 2004), early bilinguals in bilingual 

societies (e.g., Hernández et al., 2008; Costa et al., 2010), late bilinguals in both L1- and L2-dominated 

contexts (Linck et al., 2008), bilinguals with two similar, and with two different, orthography systems 

(ibid.), bilinguals of two typologically different (Bialystok et al., 2004) and similar (Salvatierra & 

Rosselli, 2010) languages, as well as bilinguals with lower levels of literacy (Finger et al., 2011). 

Although results naturally vary between studies, the tendency is that bilinguals outperform monolinguals 
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in comparisons of RT on incongruent v. congruent trials, and that bilinguals have quicker overall RTs 

overall when the task is demanding (Costa et al., 2009). These varied findings suggest two paths for 

future research: First, there is still a need for replication, since the appearance of effects for younger 

adults varies between studies, and the magnitude of effects at all ages varies between studies. Likewise, 

only a few studies so far have looked at late bilinguals, even though such studies could be informative in 

determining requirements for language study in schools and colleges in this country. Secondly, given that 

bilingual effects in executive function have been found, a follow-up question is what effect they have on 

other aspects of the bilingual’s life. One such aspect is the acquisition of an additional non-primary 

language (L3), as such a process benefits from focusing on the most relevant and informative aspects of 

the language’s input while inhibiting attention to less informative aspects. To do the latter, the learner 

often must inhibit processing strategies taken from their L1 or from universal tendencies (VanPatten, 

2004) and embrace new processing strategies better suited to the target language. These two processes 

have clear parallels to inhibition of an irrelevant, distracting cue to focus on another, more relevant, cue in 

tasks measuring cognitive control such as the ANT or Simon task. 

Aging and Cognition 

The normal process of aging also has an effect on cognition and thus, implications for the 

cognitive processes of language learning. Specifically, older age is associated with poorer sensory 

function, slower processing speed, reduced working memory capacity (WMC), weaker inhibitory control, 

and weaker declarative and episodic memory (Park, 2000). These inefficiencies are easily detected in 

laboratory experiments, but it is important that when older adults perform complex tasks in more familiar 

environments, the familiarity often enables them to work at high capacity (Park, 2000). Cognitive 

advantages associated with age also include greater life experience that provides complex schemata into 

which new knowledge can be integrated (Park, 2000). Linguistically, aging is correlated with simpler 

syntax in speech production as a result of the above cognitive changes (Kemper, 2006). It has been 

hypothesized that declines associated with aging originate with the slowing of processing speed for two 

reasons: the “limited time mechanism” states that when an extended amount of time is occupied by the 
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early operations in a complex task, it limits the amount of time available for later operations; and the 

“simultaneity mechanism” states that by the time later operations are completed, the information from 

earlier operations may have been lost. This theory holds even when the task is not timed (Salthouse, 

1996). In contrast, neurologically, many of the above declines can be explained by the fact that the 

prefrontal lobes (associated with many manifestations of cognitive control) are the areas in the brain that 

develop the latest and start to decay the earliest (Craik & Bialystok, 2008).  

A related line of inquiry has been to look at dopamine (DA) transmission in the brain. Bäckman 

& Nyberg (2010) report that decline in the dopamine transmitter (DAT) is generally estimated to be 5-

10% per decade beginning at early adulthood. Animals with lesions in DAT areas typically show 

reductions in many of the cognitive skill associated with aging, ranging from memory to inhibition, as do 

Parkinson’s disease patients, and DA-related drugs in normal subjects have shown increases in the same 

cognitive functions. Recent imaging data even relate DA release to skills such as WM. Karlsson et al. 

(2009) investigated DA release in older and younger participants at rest and while performing the Multi-

Source Interference Task. While DA release increased with increasing cognitive demands of the task in 

the younger participants, it in the older participants, suggesting that older age impairs the moderation of 

DA release. 

While the bases of aging’s effects on cognition are still under investigation, many of the effects 

themselves are relatively well understood. Sensory function is a necessary starting point for completion of 

nearly any task, and indeed the Berlin Aging Study showed that performance on nearly all of the 14 

cognitive tests administered was mediated by vision and hearing loss in older participants: when vision 

and hearing were combined, they accounted for 49.2% of the general and 93.1% of the age-related 

variances with participants age 70 and older (Lindenberger & Baltes, 1994). Thus, decline in sensory 

function influences performance on any number of laboratory and real-world tasks. However, it cannot be 

the only cause of age effects in cognitive tasks, since magnitude of effects vary by task. 

Processing speed, in turn, as measured by how many simple same/different decisions can be made 

in a short period of time, shows a linear negative correlation with age after one’s 20s (Park, 2000). In a 
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study of auditory presentation of texts, results showed that increasing the density of a text 

(operationalized by number of propositions it contains) does not hurt older adults’ free recall, but 

increasing the speed of presentation does (Stine, Wingfield, & Poon, 1986). Self-paced listening studies 

also show that older adults select slower rates than do younger adults (Wingfield & Ducharme, 1999). In 

addition, when text difficulty increased in the latter study, both age groups reduced the speed at which 

they listened, showing that both groups are able to compensate when given the opportunity. 

 Many measures of WMC show a steady decline with aging beginning in the 20s, especially for 

visuospatial tasks rather than verbal ones (Park & Payer, 2006). This dissociation can be explained by the 

fact that verbal WM span tasks require activation of long-term representation systems (known to be well 

preserved with age), whereas visuospatial span tasks are more reliant on speed and control (generally less 

well preserved with age) (Craik & Bialystok, 2006). Meanwhile, decline in inhibitory control results in 

older adults experiencing less focus and more interference while completing cognitive tasks. This can also 

be put into terms of attention: selective attention (focusing on relevant aspects of the event) is generally 

found to be maintained by older adults when the primary task carries a large perceptual load and 

distracters are few, whereas it is impaired in older age under opposite circumstance. Studies of divided 

attention (the ability to pay attention to more than one aspect of input at once) generally find age effects, 

although older adults’ performance can be improved with training (Kramer & Kray, 2006). Attentional or 

inhibitory control and WM are seen to interact in three ways: control determines what enters WM, deletes 

what comes to be irrelevant, and restrains potential habitual responses. Thus, it can be difficult to 

distinguish between the two abilities in aging effects. Indeed, the parallels between decline in WMC and 

inhibitory control are great as the WMC declines are seen more in the executive component than in 

storage (Park & Payer, 2006). As for control in task switching, older adults are not impaired in switching 

tasks between blocks (e.g., from one single-task block to a differing single-task, but they show a greater 

cost than younger adults in responding to trials in mixed blocks when either rule is a possibility in each 

event (thus, general switch costs increase with aging) (Reimers & Maylor, 2005). 
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 As for aging and long-term memory, some systems are maintained whereas others decline with 

age. Priming studies show very little variation in semantic memory with age, as do studies of semantic 

memory when untimed (Craik, 2000). In contrast, episodic memory for recent experiences is greatly 

diminished with older age, and since many recall tasks require both implicit and explicit processing older 

adults are at a disadvantage if they believe they remember an episode based on familiarity, but lack the 

explicit memory to locate in memory when the episode occurred (Craik, 2000). An interesting variation of 

episodic memory testing is that of storytelling: young adults score higher on remembering specific 

features or propositions when retelling a story, whereas old adults retell the gist, but have higher scores 

for “integrative and interpretative information” such as inferences (Adams, Labouvie-Vief, Hobart, & 

Dorosz, 1990). Research on automatized processes in memory shows a role for type of task: age interacts 

with performance in consistent-mapping blocks but not varied-mapping blocks (Fisk & Rogers, 1991). 

Type of instruction can also play a role in memory tests: when told there will be a free recall test, younger 

adults outperform non-instructed younger adults, but this is not true of older adults (Zacks & Hasher, 

2006), thereby suggesting that age effects can differ by instructional condition. There are also mixed 

results for age effects in prospective memory (remembering to do something in the future) (McDaniel, 

Einstein, & Jacoby, 2008). 

 Older adults may also suffer from stereotype embodiment, in which negative stereotypes of age 

influence their learning – essentially, they create a self-fulfilling prophecy that they are weaker 

cognitively and cannot learn as well as young adults, and thus do not learn as well as young adults 

(McDaniel et al., 2008). Levy and Langer (1994) found age differences in memory in episodic recall tasks 

in cultures with more negative stereotypes of aging (the USA) and no age differences in cultures that have 

more positive stereotypes of aging (in mainland China and American Deaf culture), in so doing 

supporting this premise.  

 It is apparent that normal aging has both diverse and interrelated effects on cognition, including 

sensory function, processing speed, inhibitory control, various memory systems, and inhibitory control. 

Since one of the potential causes is the decline of DA production in the striata and DA has also been 
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related to procedural language learning (Birdsong, 2006), there are potential consequences for language 

learning, as well as other types of learning, with aging. Lastly, stereotypes regarding old age can influence 

how older adults perform with certain instructions. Nevertheless, one cannot dismiss the potential allaying 

power of older adults’ coping mechanisms (based on their extensive experience and already developed 

schemata) in compensating for the declines that they experience. Taking this second view, older adults 

may learn as well as younger, although they may achieve learning via different routes or mechanisms. 

Bilingualism, Aging, and Instructional Conditions 

 The previous sections identify executive or attentional control as an ID that varies as a result of 

both bilingualism and aging, with bilingualism possibly moderating the decline of attentional control due 

to aging. Attention has been posited to be “necessary for understanding nearly every aspect of second and 

foreign language learning” (Schmidt, 2001, p. 6), including fluency, the role of IDs, the selection of 

intake from input, and the role of instruction. Attention is also said to be necessary for learning in general: 

cognitive psychology research shows that attention to stimuli and subsequent processing is necessary for 

storage in long-term memory. In studies that claim learning without attention it is difficult to prove that 

stimuli were not attended to whatsoever (Schmidt, 1995). While adding a dual task that blocks attention 

to the main task often removes learning effects, the complexity of the task plays a role: less complex tasks 

can be completed using less attention, thus freeing some attentional capacity for the secondary task at 

little to no extra cost (Schmidt, 1995; Shanks, 2003). Likewise, different aspects of L2 input may require 

differing amounts of attention, and in all cases, attention to both form and meaning (VanPatten, 1994). 

While Leung and Williams (2011) suggest that “attention and explicit processing are only required for 

storing the associations between linguistic forms and their situation of use at the moment they are 

encountered and that the abstraction of meaning over time takes place unconsciously” (p.35), it seems 

likely that some level of attention would be necessary for the encoding to take place that would later be 

needed for such abstraction of meaning.   

Wickens (2007) outlines a model of focused attention, the SEEV model, that has implications for 

what is attended to in the L2. The SEEV model identifies four factors that determine the allocation of 
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selective attention: Salience, Effort, Expectancy, and Value. SLA research has investigated how the 

salience of features (such as length, position in the utterance, etc.) impacts the degree to which they are 

attended to and subsequently noticed. The effort required to pay attention to L2 input has not yet been 

studied, but it is reasonable to assume that learners will stop paying attention to the stream if it becomes 

too effortful; likewise, if they have multiple tasks (such as listening to a professor and taking notes), they 

may drop one of them because it is too effortful to switch back and forth. In general cognition, expectancy 

refers to the “bandwidth” of the input, and attention is drawn to where the most “action” is happening 

most quickly. However, this is not likely to transfer to L2 processing, since slower input is likely more 

comprehensible, and thus more attractive, to the L2 learner. Value, in turn, relates to the concept of 

redundancy in the input and explains that if learners are focused on extracting meaning from the input, 

they will focus on the lexical items rather than their grammatical forms, and not process redundant cues, 

since they do not add to the meaning of the utterance. Together, these four factors determine the aspects 

of input that are likely to receive attention, which in turn influences learning: aspects that are not attended 

to will not be processed and therefore will not be learned, The nature of human information processing is 

such that attention constrains almost every stage, as seen in Figure 1: taking elements from perception of 

sensory input to processing, storage in working memory, selection and execution of response in a given 

task. An individual’s control of where and how attention is allocated is thus crucial for their learning in a 

variety of paradigms. Allocation of attention will be driven by the perceived importance of the task and 

the relative expected value of the different aspects of language in the input. Wickens also relates 

allocation of attention to the bilingual advantage in cognitive control: Since bilinguals receive extensive 

practice in switching attention from one language to another, and coordinating that switching, they show 

benefits on cognitive control tasks. Given the importance of allocation of attention to processing L2 input, 

it is thus very likely that an advantage in cognitive control would play a role in advantageous L2 

processing, too. 
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Since voluntary attention is limited in capacity and therefore selective, it plays a prime role in selecting 

intake from input. Linguistic input is never one unitary source of information but rather a conglomeration 

of syntax, lexicon, phonology, semantics, and morphology and learners must decide what to pay attention 

to in order to get something out of it, e.g., the meaning of the message or linguistic knowledge of a form; 

and if the latter, which part of the form (Brooks, Kempe, & Sionov, 2006).. Likewise, when learning to 

interpret input according to new TL cues and repressing L1 cues (see the Competition Model, e.g., 

MacWhinney, 2005), control of attention may be at play. Therefore, any advantage in attentional control 

may aid in acquiring a non-primary language, as individuals with such an advantage will be better able to 

focus attention on the most relevant aspects or cues of the input and inhibit attention to less relevant 

aspects and to less informative cues. Studies such as Costa et al. (2008) have found bilingual advantages 

in attentional control in the alerting and executive attention networks (the latter being the equivalent of 

attentional control), but there is a need of further research to relate this advantage to language-learning 

outcomes in a within-subjects design. Thus, this study looks at attentional control as a variable that 

potentially mediates the independent variables’ impact on the language learning outcomes. Clearly 

both more and less explicit conditions require attention for learning. (They are theorized to differ in the 

amount of awareness involved while learning, but that is a separate issue.) Research in aptitude-treatment 

interactions (ATI) proposes that “sets of cognitive abilities, or ‘aptitude complexes’ are differentially 

Figure 1. A model of information processing (Wickens, 2007, p. 178) 
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related to language learning under different psycholinguistic processing conditions” (Robinson, 2002a, p. 

114) and for the reasons outlined above, attentional control is one such relevant cognitive ability. 

Robinson (2002b) found that of the three IDs measured (WMC, general aptitude, and general 

intelligence), WMC most strongly correlated with outcomes in an implicit, but not explicit, learning 

condition. He proposed that that was because it was most highly correlated to the task demands of the 

learning condition. In a similar vein, applied linguists propose that bilingual advantages in attentional or 

cognitive control, combined with possible advantages in metalinguistic awareness, aid in focusing 

attention to the most helpful linguistic cues in the input (Sanz, 2000). These cues can then form a schema 

into which subsequent input can be organized, thus optimizing intake and building of an interlanguage 

(Sanz, 2012). Since aptitude, or how “good” at language learning an individual is, is a complex construct 

not limited to one measure of cognitive capacity (e.g., just attentional control or just WMC), this study 

also makes use of a traditional global measure, the MLAT (Carroll & Sapon, 1959), as a variable that may 

mediate or determine the extent to which the independent variables of bilingualism, aging, and conditions 

affect the language learning outcomes.  

 The theoretical motivation for providing explicit information or instruction to learners (and thus 

making the condition more explicit) is to direct learners’ attention to informative target language cues and 

help them to overcome the “learned attention” borrowed from the L1 (N. Ellis, 2006) and/or universal 

principles of input processing (VanPatten, 2004). In this way, learners are directed to pay attention to the 

forms the experimenter or teacher aims for them to learn. Therefore, it can be expected that bilinguals will 

not perform significantly differently from monolinguals in more explicit conditions, because all learners 

will have equivalent information directing them to the most relevant cues. While an advantage in 

attentional control may give bilinguals an edge in focusing on the most reliable cue as instructed, that 

alone does not seem to be enough to cause a statistical difference in performance on posttests (e.g., Lado, 

2008; Lin, 2009), perhaps because having the explicit grammatical knowledge that a certain cue is not 

informative makes that cue less of an interference. In this case, both monolinguals and bilinguals would 

be able to suppress attention to the irrelevant cue equivalently and in turn, learn the relevant cue 
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equivalently. Conversely, in the less guided, more implicit conditions, it may be necessary to have 

enhanced control over allocation of attention to inhibit attention to less relevant cues, thereby increasing 

attention paid to more relevant cues and giving bilinguals a faster rate of acquisition and/or higher 

attainment on post-tests than monolinguals (Sanz, 2000; Sanz & Lado, 2008).  

At first glance, it might be expected that implicit conditions will be more demanding for older 

participants than younger, as they seem to be more demanding for monolinguals when compared to 

bilinguals (Lado, 2008; Lin, 2009). Damage to the striata and DA production as part of normal aging also 

suggest poorer implicit learning with older age. However, empirical evidence so far often shows that 

compared to effects of aging on explicit learning, it is not so: at least some mechanisms of implicit 

learning are well maintained in age (Howard & Howard, in press). In addition, due to declines in 

processing speed, WMC, and inhibition, older learners may be less able to keep in mind the explicit 

information that would enable them to reap the benefits of explicit instruction. 

 Finally, applied linguists often assume that the language learning that takes place in implicit 

conditions is implicit in nature. However, any participant in a study has the idea that they are supposed to 

learn something, so learning is rarely unintentional, and it is often difficult to prove that learning was 

achieved without awareness. Likewise, we do not know that the learning that takes place in an explicit 

condition, when combined with task-essential practice, is entirely unrelated to implicit or procedural 

learning. In cognitive psychology there are some tasks, such as motor sequence learning, that seem to tap 

into truly implicit learning: participants do not know that they might learn something and are unable to 

report any patterns after training, but analyses show that they do respond more quickly and/or more 

accurately to more probable events than to less probable events, thus showing sensitivity of the patterns 

(Howard & Howard, 1997). Moreover, participants show retention of what they learned even a year later 

with no intervening practice (Romano, Howard, & Howard, 2010), which is also characteristic of implicit 

learning (DeKeyser, 2003). Variation in amount learned on a motor-sequence procedural learning task 

may correspond to some aspects of learning language, especially in less explicit conditions (e.g., Morgan-
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Short, Faretta-Stutenberg, Brill-Schuetz, Carpenter, & Wong, forthcoming), so it is the third mediating 

variable that the present work considers to explain differences between the independent variables on the 

language learning outcomes. . 

Research Paradigm: The Latin Project 

The Latin Project (Sanz, Bowden, & Stafford) investigates interactions between explicitness of 

conditions and individual differences (IDs) such as bilingualism and aging. The Latin Project consists of 

computer-based, individualized instruction on thematic role assignment of agent and patient (as realized 

by word order, noun/verb agreement and nominative and accusative case morphology) in Latin. The 

researcher chooses what type of treatment (that is, the instructional condition) that learners receive: with 

or without pre-emptive grammar explanation of the target form, with or without feedback, and in the case 

that feedback is included, whether it contains metalinguistic information or simply tells the learner 

whether they were correct or not. The various combinations of instructional variables determine the 

explicitness of the condition. All conditions include task-essential practice: practice in which it is 

“essential to attend to the relevant structure in order to perform the task successfully” (Loschky & Bley-

Vroman, 1993, p. 138; for the importance of task-essential practice see Chapter 2), because participants 

must attempt to process the Latin target structure by relying on cues of word order, case or verb 

morphology to decide who does what to whom. Case morphology is the most reliable cue and it is also 

the only cue novel to participants. A battery of tests (written and aural interpretation, written production, 

and grammaticality judgment test, hereafter GJT) before exposure, immediately after exposure and one-

two weeks after exposure provides outcome measures of accuracy and reaction time (RT). Recent Latin 

Project studies generally support the hypothesis that IDs including bilingualism play a bigger role in less 

explicit than more explicit conditions (Lado, 2008; Lin, 2009) and that older adults perform better in less 

explicit conditions than in explicit conditions (Lenet, Sanz, Lado, Howard, & Howard, 2011). In these 

studies, the explicit condition contains feedback with metalinguistic information and the less explicit 

condition contains only yes/no feedback. Therefore, the current work will expand the literature by 

investigating how bilingualism and age interact with a different type of explicit condition, one that 
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provides grammar explanations prior to practice but does not include metalinguistic information in 

feedback. 

Statement of the Problem 

In sum, bilingualism and aging each interact with instructional conditions to have an effect on the 

cognitive processes involved in learning. Bilingualism research in psychology and SLA shows bilingual 

advantages in many cognitive and language-learning tasks for children and older adults and, to some 

extent, younger adults. More specifically, L3 studies show an advantage for bilinguals in more implicit 

conditions, perhaps because of the demands on attentional control inherent in such conditions for learning 

to occur (Sanz & Lado, 2008). In turn, aging literature in cognitive psychology suggests that older adults 

learn better in implicit than explicit conditions, but this finding has not yet been fully extended to SLA. 

General research in SLA shows that structured input and task-essential practice is often sufficient for L2 

acquisition: Explicit groups that receive metalinguistic explanations on top of the structured input and 

task-essential practice appear sometimes to outperform implicit groups when outcome measures are more 

focused on form rather than meaning or form-meaning mappings and they show an advantage in 

transferring knowledge from reception-based practice to production assessments (e.g., Stafford, 2005). 

Nevertheless, implicit groups generally outperform explicit at delayed post-tests, showing better retention 

(e.g., Lado et al., accepted), and implicit and explicit groups often perform equivalently when practice is 

task-essential, thereby incorporating both form and meaning. The proposed work will build on previous 

research in the areas described above, using methodologically sound operationalizations of +/- explicit 

instruction combined with task-essential practice (while keeping feedback consistently less explicit) to 

answer the novel overarching question of, How do bilingualism and aging, both individually and in 

combination, affect the learning outcomes of two types of instructional conditions when learning a non-

native language in a laboratory context? 

Key Terms, Definitions, and Operationalizations 

Monolingualism and bilingualism. Wei (2000) notes an extensive range of degrees and labels of 
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bilingualism. To have a clear distinction between monolingual and bilingual groups, the current work 

utilizes the following definitions: bilinguals are defined as L1 English, L2 Spanish speakers, who are 

biliterate (Sanz, 2007) and use both languages on a regular basis, thus regularly exercising their executive 

control. Older bilinguals will not have studied a third or fourth language for more than two college 

semesters in the two years before the study. Younger bilinguals will not have studied an additional 

foreign language for more than one college semester or two high school semesters in the two years before 

the study. Conversely, monolinguals only use one language regularly in their lives (English) and follow 

the same restrictions on previous language study. 

Younger and older adult age.Aging occurs gradually throughout adulthood and most cognitive 

abilities show no clear cut-off points. However, in order to optimize the contrast between the two age 

groups of this study, this study adopts an extreme age-groups design, common in the literature on 

cognitive aging, which compares young adults between the ages of 18 and 25 with older adults who are 

age 60 or older. 

Attentional control. Posner and Peterson (1990) describe three subcomponents of attention: 

alerting, orienting, and executive attention. Alerting is the network that governs the state of readiness for 

reception of a stimulus presentation. Orienting is the ability to select relevant information from the input. 

Executive attention governs conflict resolution of conflicting possible responses to stimuli. Attentional 

control is defined as the differences in RT for each of the three effect costs in the Attentional Network 

Task (ANT), which relate to the three networks: (1) executive control is measured by the conflict effect; 

that is, the difference in RT between congruent and incongruent trials, (2) the alerting network is 

measured by the alerting effect; that is, the difference in RT between cued and non-cued trials, and (3) the 

orienting effect is measured by the orienting effect; that is, the difference in RT between trials with 

central v. spatial cues. Each of these effects is calculated for each participant.  

The Simon task (Bialystok et al., 2004) is used as a secondary measure of attentional control 

since the ANT does not always find age differences in executive control, perhaps due to older adults’ 

poorer peripheral vision which could reduce the extent to which they are affected by the congruent and 
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incongruent flankers in the ANT. Executive control is measured in the Simon task by the Simon effect, 

which is the difference in RT for congruent compared to incongruent trials. 

Aptitude.Aptitude is measured in this study by the MLAT Short Form, given in English, which 

consists of Parts 3-5 of the full MLAT and has become the standard in many SLA studies (e.g., Carpenter, 

2008; Robinson, 1997; de Graaff, 1997). These three parts correspond to (3) Spelling Clues (recognition 

of misspelled word and choice of most nearly identical synonym, implicating sound-symbol associations 

and English vocabulary), (4) Words in Sentences (grammatical structure: picking the word that serves the 

same function as the underlined one in a sentence) and (5) Paired Associates (lexical learning in written 

form). If the three subtest scores are highly correlated, a global MLAT score will be calculated for use in 

further analyses. If they are not, then each subtest score will be entered into further analyses separately.  

Implicit motor-sequence learning. Implicit motor-sequence learning is behavioral evidence 

of sensitivity to a non-linguistic pattern that is not accompanied by awareness of the pattern. It is 

operationalized here as learning on the Alternating Serial Response Time Task (ASRT task, Howard & 

Howard, 1997). In the ASRT, pattern events occur with random events interspersed between them, thus 

participants are not likely to become aware of the pattern. With practice, participants who learn the 

pattern respond faster and more accurately to the more predictable than less predictable events; implicit 

learning is measured by the difference in RT and accuracy between more predictable (high-frequency) 

events compared to less predictable (low-frequency) events. Debriefing and card-sorting tasks after the 

training are measures of participants’ awareness of the pattern. 

Explicit and less explicit conditions.Previous Latin Project studies that have investigated the 

effect of instructional conditions (Lado, 2008; Lin, 2009; Lenet et al., 2011) have operationalized explicit 

instructional conditions as those containing explicit grammatical information in the feedback. To expand 

the research the current study instead uses provision of grammatical explanations prior to practice as the 

operationalization of the explicit condition. The less explicit condition, in turn, has no explanation prior to 

practice. Both conditions include yes/no feedback during practice. This operationalization is grounded in 

psychology research investigating ID-condition interactions that has not yet been fully extended to SLA 
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investigations of the same interactions. In addition, many language teachers have students read 

explanations as homework before coming into class to practice, making findings relevant for pedagogy. 

Finally, in Lenet et al. (2011), older adults complained that feedback was shown for too short a time and 

disrupted their attention to practice trials. The current operationalization avoids that potential pitfall. 

Non-primary language development.This study measures participants’ developing assignment 

of thematic roles in Latin. Latin is considered to be the L2 of the monolinguals and the L3 of the 

bilinguals. Thematic roles are assigned in Latin via noun case morphology, verb morphology, and word 

order. While the first is the only cue that is always reliable in Latin, the second is the dominant cue for 

thematic role assignment in Spanish and the third is the dominant cue in English (MacWhinney, Bates, & 

Kliegl, 1984). Therefore, cues are in competition and performance on the four language tests provides 

insight into competition between the cues in written interpretation, aural interpretation, grammaticality 

judgment, and written production of the learners’ developing Latin. Development is measured by 

comparing performance on these four tests before treatment to performance immediately after treatment. 

Retention is measured by the same battery of tests two weeks after treatment. Development and retention 

are considered both in times of accuracy, i.e., responding with the correct answer and latency (RT), i.e., 

the time taken to reach a correct answer. 
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Chapter Two: Review of the Literature 

Bilingualism and Language Learning 

Studies of the effects of bilingualism on subsequent language learning have found advantages for 

bilinguals both in naturalistic studies in bilingual communities and in experimental studies with miniature 

natural languages (the Latin Project) and in processing artificial language lexicon (Bartolotti & Marian, 

2012). The Latin Project studies, along with some early AGL studies, include investigations of 

interactions of bilingualism with learning conditions, to be discussed in a later section.  

Naturalistic studies can be divided into two categories: those in developed countries, such as 

Canada and Spain, which follow an additive model of bilingualism and find advantages for bilinguals 

learning a non-primary languages, and those in developing countries, such as Morocco, that follow a 

subtractive bilingualism model and consequently do not find bilingual advantages. Swain et al. (1990) 

looked at junior high students in Canada from a variety of L1 backgrounds that had learned English 

through immersion and were learning French as a foreign language. Specifically, a bilingual effect on 

learning French was found only for biliterate bilinguals, and it was an advantage compared to 

monolinguals also learning French. Moreover, participants with a Romance L1 had no additional 

advantage, suggesting that the biliterate bilingual advantage is due to qualitatively different cognition, not 

simply transfer from a typologically similar language. Similarly, Klein (1995), working from a UG 

parameter-setting framework but interested in the underlying processes, found a multilingual advantage in 

lexical learning of prepositional verbs that went hand-in-hand with an increased rate of syntactic learning 

of preposition stranding in English. She also found less of an advantage for multilinguals who were not 

biliterate. Her subjects were high school students learning English L2, 3, or 4, in an immersion setting. 

Cenoz and Valencia (1994) compared biliterate bilinguals (Spanish/Basque) with Spanish 

monolinguals, all of whom were learning English as a foreign language and found motivation, 

intelligence, age, and amount of exposure to be significant predictors of English achievement as measured 

by a battery of five tests (speaking, listening, reading, writing, grammar and vocabulary knowledge). The 

addition of bilingualism to a multiple hierarchical regression of the above four factors significantly 
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increased the amount of variance explained. Moreover, interactions between bilingualism and the 

individual factors above did not significantly increase the amount of variance explained, suggesting that 

bilingualism may act as an independent factor in subsequent language learning.  

In Valencia, Spain, Safont Jordá (2003) analyzed pragmatic awareness in English learners at the 

university level who were either Spanish monolinguals (n =80) or Spanish/Catalan bilinguals (n =80). 

Half of each language group was at low English proficiency and half at intermediate. Participants 

completed a discourse evaluation test, which contained 18 situations, with a form of request that is 

pragmatically appropriate or inappropriate in English. Participants’ rated the requests as appropriate or 

inappropriate, and explained why. Bilinguals were found to have higher accuracy in identifying 

inappropriate requests, suggesting appropriate alternatives, and explaining the differences between the 

two (monolinguals often commented on grammaticality rather than reasons of politeness). Therefore, 

bilinguals seem to be more aware of subtleties of language use, even at relatively low proficiency levels 

of the target language.    

In Catalonia, Sanz (2000) found that after partialling out the extensive influence of amount of 

exposure and motivation on non-primary English proficiency of participants, bilingualism 

(Spanish/Catalan) was the most important factor in determining English proficiency level, and it did not 

interact with other variables. Sagasta Errasti (2003) compared two groups of Basque/Spanish bilinguals 

learning English as a foreign language and found higher scores in English overall production and written 

fluency for the Basque-maintenance students when compared to Basque-immersion students. Likewise, 

greater use of Basque (the minority language) outside of school correlated with higher English scores. 

Overall, participants with the most balanced bilingualism had the highest English scores in all measures.  

 In contrast, Wagner, Spratt, and Ezzaki (1989) found no bilingual advantage in L3 acquisition, 

but in a very different social context. In this study, bilingual children spoke Berber at home, used Arabic 

for religious purposes, and were beginning to learn French at school whereas monolinguals used Arabic at 

home and were learning another majority language, French, at school. Not only were the bilinguals not 

biliterate in this study, but their L1 was highly marginalized in society. As a result, although the study 
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attempted to be longitudinal across 5 years, there was high bilingual attrition as participants were held 

back in school, and therefore it is not a surprise that they did not have an advantage in learning French.  

To summarize, research in bilingual communities shows that when bilingualism is accepted and 

encouraged by society, it is an important factor in reaching high proficiency in an additional language, 

especially when combined with biliteracy. For the people in these communities, being bilingual is a 

natural result of living in their community, so it is not merely that they are better at language learning and 

thus also better at L3 acquisition. While such research in such areas is informative for understanding 

effects of early bilingualism, a subsequent question is whether learning a second language as an adult, 

most likely in a formal setting, can confer similar benefits on learning a third. In this case, it is difficult to 

say whether bilingualism is the cause of the success of L3 learning or merely an effect of the learner 

having high aptitude for learning languages, but if results in laboratory studies parallel those from 

bilingual communities, the former remains a plausible explanation. Several studies in the Latin Project 

(Stafford, 2005; Lado, 2008; Lin, 2009) have investigated bilingual advantages in laboratory studies. 

Stafford (2005) investigated L3 Latin learning of Spanish/English bilinguals divided into four 

groups based on proficiency criteria: (1) simultaneous bilinguals, (2) pre-adolescent sequential bilinguals, 

(3) post-adolescent sequential bilinguals, (4) developing sequential bilinguals. All participants received a 

pre-practice grammatical explanation and explicit feedback with task-essential practice. Groups (2) and 

(4) scored highest on immediate and delayed posttests, likely because these participants had acquired their 

L2 largely in formal settings, suggesting that they were accustomed to explicit language instruction. 

However, overall group differences were not significant for level of bilingualism or age of onset, 

suggesting that level of bilingualism may not play a role in explicit learning conditions. Instead, L1 

working memory capacity was the main predictor for L3 development. 

Lado (2008) investigated L3 Latin learning of English/Spanish bilinguals grouped by their L2 

proficiency: basic, intermediate, advanced, and near-native. She also had two learning conditions: ± 

explicit feedback (differences in conditions will be reported later). When analyzing the general effect of 

Level of Bilingualism on L3 development, Lado found an advantage for the Near-Native group on both 
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immediate and delayed posttests of aural interpretation, written production, and GJT. For written 

production, the significant difference was found between Intermediate levels and above compared to 

Basic. In general, the analyses of old v. new items found an advantage for the Near-Native group over the 

others, especially at the delayed posttests. Lado concludes that Near-Native proficiency level is necessary 

for achieving an advantage in the most demanding tests and for retention. This has implications for 

interactions with learning conditions, since less explicit conditions are said to be more demanding. 

Lin’s (2009) participants were Mandarin/English bilinguals learning Latin and showed a 

significant difference between Intermediate v. Basic L2 groups on the GJT only. This finding also points 

to the importance of task demands on assessments, but the difference in findings between Lado (2008) 

and Lin (2009) indicates a need for further study. In both studies, analyses of Level of Bilingualism and 

Condition interactions are informative and are reviewed in a section below. The main effects show that 

bilingualism affects non-primary language learning although without data as to the means of the effect. 

Studies by Kempe, Brooks, and colleagues also speak to the extent to which the advantage of 

previous linguistic experience is due to form-specific transfer or generalized knowledge: In Kempe, 

Brooks, and Kharkurin (2010) adults with no prior knowledge of Russian were trained to categorize 

Russian nouns according to their grammatical gender. Experience with non-transparent gender-marking 

languages was not related to any learning outcomes, but experience with transparent gender-marking 

languages (e.g., high similarity in form to Russian) predicted performance on novel transparently marked 

items. The effect of previous experience with grammatical gender was replicated in Brocks and Kempe 

(2012); more interestingly for the current work, this later study also found that it was overall prior 

linguistic experience (the number of foreign languages reported) that predicted gains in metalinguistic 

awareness and production of trained case items. Since case in Latin is similar to case in Russian, this 

suggests that it will also be influenced by the global effect of previous language experience in the current 

work. 

Bartolotti and Marian (2012) investigated how bilinguals and monolinguals dealt with 

interlingual interference when learning novel (artificial) lexical items. Monolingual participants were 
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English speakers (n =12) and bilinguals were English/Spanish speakers who had grown up in dual-

language households (n =12). Stimuli were drawings of two-syllable English words that were not 

cognates with Spanish. The 24 drawings were also given names in the artificial language Colbertian, 

which follows both English and Spanish phonotactic rules. The first syllable of each Colbertian word was 

phonologically similar to the English name of one of the other pictures. Participants were trained on 

recognition and production of the Colbertian words, given the appropriate picture, until they reached 

criterion (90% accuracy). Then their interlingual interference was measured via eye-tracking and mouse-

tracking in trials where participants heard a Colbertian word, saw two pictures next to each other and an 

X below them on the screen, and had to choose the picture that corresponded to the word (or the X if the 

picture was not given). In some conditions the non-target picture was of the phonologically similar 

English word. Analyses from the eye-tracking data showed that monolinguals fixated on English 

distractors more often than bilinguals did and that within monolinguals, there were more looks to 

distractors than controls, whereas bilinguals did not show such a difference. Mouse-tracking analyses 

showed that the presence of a distractor influenced vertical motion in bilinguals, but horizontal motion in 

monolinguals. The authors’ interpretation is that bilinguals also experienced competition from the 

distractors, but compensated by increasing the activation of the target, an interpretation in line with those 

of Colzato et al. (2008) and Bialystok et al. (2012), that part of the bilingual advantage in executive 

control is due to goal maintenance. There were no language group differences in accuracy or RTs, likely 

due to the high criterion that all participants were trained to. This study shows that bilingual advantages in 

control can affect how subsequent novel lexical items are processed. In combination with the Latin 

Project studies, with their focus on the cues used in interpreting morphosyntax, it seems likely that 

bilingualism has a facilitative effect on the process and results of novel language learning, and likely that 

this effect is due to enhanced attentional control, but very few studies to date have measured syntactic 

language learning and attentional control with the same participants.  

Bilingualism and Aging 
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Although no SLA studies have directly investigated interactions between bilingualism and aging 

in non-primary language learning, Stafford et al. (2010) reported on Early and Late Spanish/English 

bilinguals learning Latin as an L3 with a pre-practice grammar explanation and explicit feedback. The 

only language group difference was in the written production posttest, in which Late Bilinguals 

outperformed Early, again likely due to the fact that late bilinguals learned their L2 in a foreign language 

classroom. Age at the time of the study had an effect on the delayed posttest for written production: 

younger adults had higher accuracy scores than older, likely due to natural decline of attentional control 

and memory with aging, paired with the memory and control demands of the task. Therefore, even if age 

is not a factor in immediate posttest scores of adults, it may play a role in retention and that role may vary 

with task demands. Similarly, Kempe et al. (2010) found that adding Age to the multiple regression 

analysis removed the significance of executive functioning (as measured by Cattell’s Culture-Fair 

Nonverbal Intelligence) and prior experience with transparent gender-marking languages as predictors in 

the categorization of grammatical gender in Russian, suggesting that those effects were artifacts of the 

aging process. However, participants in both studies only ranged from young to middle adulthood (40s-

50s), so further studies need to extend to older adults. 

Aging and Language Learning 

Cognitive psychology has identified various effects of aging on cognition (e.g., Park, 2000) and 

on interactions between aging and learning conditions (e.g., Howard & Howard, in press). Despite the fact 

that both of these areas of research have implications for non-primary language learning, little SLA 

research has targeted older adults. Classic studies on the effects of Age of Onset (AoO) and a possible 

Critical Period do not tend to address the question of older age. For example, in Johnson and Newport’s 

(1989) study, AoO ranged only from age 3 to 39. However, the topic of older age is of scientific interest, 

since in the view of language as a dynamic process, there is no endstate: all linguistic processes are open 

to and affected by changes in the input (possibly due to changes in life setting, or frequency of use, in the 

case of bilinguals) and changes in linguistic processing (due to declining cognitive resources) throughout 

the lifespan –  to a limited extent in the L1, and likely to larger extents in L2 and beyond (de Bot & 
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Makoni, 2005). Any linguistic changes are necessarily also interactions with the effects of aging on 

cognition.  

In her (2012) book, Andrew reports on sociolinguistic and sociocultural aspects of seven EFL 

learners in Mexico: 2 older men, 4 middle-aged women, and 1 young adult man, all of whom are at the 

same language school. She finds that the role of age is socially constructed as well as by years of age and 

cognitive functioning: for example, “Berta” considers herself to be middle-aged even though she’s 59 – 

closer in age to the “older men” than the other middle-aged women, but is still actively employed, which 

to her makes the difference. Both of the older men in the case study reported beliefs that it is best to learn 

a foreign language as a child, before cognitive decline begins, although both also report having 

advantages as older adult students: for Héctor, they are the experiences and resources that come from 69 

years of life, and available time for practice since he is retired, while Felix reported that he had an 

advantage of his classmates in enthusiasm. These two older adult learners also were put into awkward 

positions when classroom activities were clearly aimed at younger students, such as completing the 

sentence “My mother/father drives me crazy when….” However, this book does not look at the extent to 

which any of these factors – emotional, social, or cognitive – has an effect on the students’ English-

language learning outcomes.  

Service and Craik (1993) investigated the role of aging in vocabulary learning where items were 

+/- frequent imagery ratings and +/- phonological familiarity. +Phonological familiarity items were 

English pseudowords, while –phonological familiarity items were Finnish words. Young participants (n 

=20) were between the age of 20 and 40 (mean = 25.2). Older participants (n =20) were above the age of 

60 (mean age = 72.3). Stimuli were presented aurally, each preceded by the English “translation” and the 

participant repeated the “new word” (whether it was an English pseudoword or a Finnish word) after each 

stimulus. Each stimuli list was repeated four times. The fourth repetition was treated as an immediate 

posttest, and showed main effects of age, frequency of imagery, and phonological familiarity: younger 

participants had better recall, more frequent items were recalled better, and English-sounding words were 

recalled better. Age did not interact with imagery frequency, but it did interact with phonological 
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familiarity: the facilitative effect of English-sounding words was greater in younger than older adults. For 

younger participants, score on a simple paired-associate memory test accounted for 33% of the variance 

in vocabulary learning; for the older adults, it accounted for 58% of the variation. For older participants 

but not younger, score on a phonological memory test (repeating back Finnish words) also contributed to 

the variance in vocabulary learning. When combined with the paired-associate test, these two factors 

accounted for 72% of the variance. The age differences in overall learning might be related to strategy use 

and success: both groups reported attempting to link the new words with known English words, but older 

adults reported frustration in such attempts. It could be that their search for semantic associations takes 

longer than that of younger adults, and so they had to rely more on remembering the phonological form, 

which would explain why phonological memory was a significant contributor to vocabulary learning 

scores for older but not younger adults.  

Van der Hoeven and de Bot (2012) investigated lexical learning of both new and previously 

learned items by three age groups: young adults (n = 15, mean age = 22.4), middle-aged adults (n = 15, 

mean age = 50.3), and older adults (n = 15, mean age = 70.6). All participants spoke Dutch as their L1 

and had learned French in the past. The test consisted of translating French words into Dutch; old items 

were high-frequency words from L2 classrooms and new items were pseudowords, to ensure that no one 

had previous exposure to them. After the pretest, participants studied flashcards of 20 real words that they 

had not translated correctly and 20 pseudowords and took an immediate posttest. Two weeks later, they 

took a delayed posttest and a backwards digit span test as a measure of WMC. There were no significant 

effects for Time (immediate v. delayed posttest) for new or old words. There were no effects for Age in 

accuracy of translating old words, but for new words, younger adults outperformed the two other age 

groups. Nevertheless, older adults had highest “savings” score (score for old minus new words), 

suggesting that the advantage in relearning old words is greatest in this age group, likely because this 

group started with the greatest French vocabulary size as measured by the pretest. Scores for old and new 

words were positively correlated with WMC in all age groups, but savings scores did not correlate with 

WMC in any group. Therefore, although younger adults had an advantage in learning new lexical items, 
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older adults had an advantage for relearning previously known items. Part of the explanation for this 

result may be that while all age groups used mnemonic strategies when studying the flashcards, middle-

aged and older adults often did not remember their associations at the delayed posttest, whereas younger 

adults did. Thus, the difference may be due more to declines in declarative memory than in semantic 

(lexical) memory. Clearly, the decline in WMC due to aging cannot be the sole explanatory factor, since 

WMC was not associated with savings, which is where older adults had the advantage. 

Also in the area of lexical learning, Whiting, Chenery and Copland (2012) taught younger (n =11, 

mean age = 22.09) and older adults (n = 17, mean age = 63.35) new names to familiar and unfamiliar 

objects in an explicit condition. In Experiment 1, critical items were 25 objects with high original name 

frequency in English and 25 with low original name frequency. Each critical item was randomly assigned 

a nonword name that followed English phonotactics and orthography conventions. Participants completed 

five 1-hour learning sessions with each session occurring on a consecutive day. During the learning 

sessions, stimuli (critical items and fillers) were presented on the computer screen with their nonword 

names for 5 s each. Each session ended with recall and recognition tasks of critical items only. In the 

recall test, participants saw the drawing of the item without its label and typed in the nonword name. In 

the recognition task, participants saw the drawing of an item and a nonword name, and had to decide 

whether the name was correct or incorrect. After completing all 5 learning sessions, the first testing 

session took place one week later and the second, one month later. Analyses of the recall data showed a 

learning effect with accuracy improving in each session, and no age effects in learning sessions or 

posttests, nor was there a difference between high and low original name frequencies. Analyses of the 

recognition data largely followed the same patterns. RT in the recognition tasks decreased over the 

learning sessions and there were no age effects. However, at both the 1-week and 1-month delayed 

posttests, younger adults responded significantly more quickly than older adults. Experiment 2 increased 

task demands by making all items unfamiliar objects: thus, participants had to form semantic form-

meaning connections, whereas in Experiment 1 they could have made nonword-English word 

connections. Experiment 2 used the same participants and procedure, except the drawings were presented 
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with a description (e.g., “tool for catching small animals”) as well as the nonword name, and description 

recognition was also tested. Results showed the same patterns in Experiment 1, with the exception that 

younger adults’ RTs began to be significantly different from older adults’ during the learning sessions in 

Experiment 2. In addition, there were age effects in the description recognition task: younger adults were 

significantly more accurate than older adults. The authors conclude that the mechanisms for learning 

vocabulary may be similar between younger and older adults, and are spared with aging. That young 

adults had an advantage in the description recognition task, but not the nonword recognition task, of 

Experiment 2 suggests that they may use semantic strategies for learning new words, whereas older adults 

may rely more on phonological short-term memory. 

Moving on to morphosyntactic learning, Lenet et al. (2011) investigated age effects within the 

Latin Project. They used ±explicit feedback conditions to compare young adults (n = 20, aged 18-21) and 

older adults (n = 20, aged 66 to 81) and found that older participants who had no prior exposure to Latin 

(n = 11) did not score significantly differently than equally naïve younger learners on immediate or 

delayed posttests; interactions with learning condition are reported in a section below. This study’s 

sample was small, especially once adults with previous Latin experience were removed from analyses. In 

addition, the four test scores (written interpretation, aural interpretation, written production, and GJT) 

were analyzed separately within age groups but combined into one composite score to facilitate age 

comparisons, which may have hidden age effects on individual tests. Visual examination of the composite 

scores shows that at the immediate posttest, the older less explicit group’s composite score was in fact 

higher than the younger less explicit group’s composite score, but it is not reported whether this 

difference was significant. Finally, the delay between immediate and delayed posttest sessions was only 

one week for older adults, so retention is very short-term in this study. 

Mackey and Sachs (2012) investigated the role of WMC on older adults’ ability to benefit from 

negotiation and feedback addressing question formation in English in a classroom-like setting. 

Participants were nine adults aged 60-89 and were Spanish speakers who had emigrated from Latin 

America (mean length of residence in the US: 17 years). In the study, participants interacted one-on-one 
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with a young adult native speaker of English who had been trained in giving feedback in the form of 

recasts. There were three days of treatment sessions, the last of which ended with the first posttest. A 

week later, participants completed the first delayed posttest and four more weeks later, a further delayed 

posttest. Treatment consisted of communicative tasks such as spot-the-difference, picture-drawing, and 

picture-sequence tasks. Four of the nine participants showed improvement in their question formation at 

the immediate posttest, and two of them maintained this development on at least one of the delayed 

posttests. No IDs correlated with immediate development other than L1 listening span: the four 

participants who improved had the highest listening span scores and the two who showed retention had 

the highest listening span scores overall. The listening span measure used paralleled Daneman and 

Carpenter’s (1980) task in requiring judgments of plausibility and grammaticality for each item, in 

addition to storage. This may have made task demands too high for many of the participants. 

Nevertheless, the results suggests that differential WMC can play a role in language learning outcomes 

for older adults, as it does for younger adults.  

From the limited research to date, it seems that older adults are able to learn non-primary 

languages, especially lexical items. However, a variety of cognitive factors (such as executive control and 

WMC) and societal factors (such as level of education) can affect their learning. These factors then also 

have potential implications for differential learning outcomes in different conditions, since conditions and 

tasks vary in their demands on control. Also, other IDs such as bilingualism may moderate the effects of 

aging on various aspects of condition, including non-primary language learning. Finally, very few studies 

have looked at the learning of syntactic patterns. 

Explicitness of Instructional Conditions 

While learning conditions in psychology are often characterized as implicit by instructing 

participants to memorize (as in artificial grammar learning, AGL) or to simply respond to cues (as in the 

ASRT) and as explicit by instructing participants to find the rules or by instructing them on the rules, 

explicit conditions in SLA are usually defined by rule instruction prior to practice and inclusion of form-

focused feedback during a task. Manipulation of input to make it more frequent or more salient for 
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example has also been used. SLA studies are also more complex than many psychology studies, since 

participants are not only learning patterns, but also how to map meaning to them. As such, research on 

differential effects of learning conditions on outcomes has a long and meaningful history in SLA that is 

not yet over. The explicit treatment focused on in this section is provision of a pre-practice grammar 

explanation, since it is one of the earliest operationalizations of “explicit” condition from cognitive 

psychology (Reber et al. 1980) and yet continues to be contentious in SLA. As such, this section will 

focus on studies that use the same operationalization of explicit instructional condition. 

Meta-analyses of conditions. Norris and Ortega’s (2000) meta-analysis on type of instruction in 

SLA found that explicit treatments in general resulted in higher posttest scores than implicit treatments, 

with fairly narrow confidence intervals. However, their categories of “implicit” and “explicit” treatments 

were necessarily heterogeneous due to the lack of consistency of operationalization of these terms in the 

field, thus leading to a high standard deviation of effect sizes, showing wide variation across studies. 

Explicit treatments, for example, ranged from those that provided grammatical explanations, 

metalinguistic feedback, and/or encouraged participants to search for the rules themselves. While the 

majority of studies in the meta-analysis used tightly controlled constructed response as an outcome 

measure (65%), other outcome measures included metalinguistic judgment, selected response, and free 

constructed response. As a result, type of outcome measure resulted in up to 0.91 standard deviations of 

variation in effect size.  

Spada and Tomita’s (2010) meta-analysis of ESL and EFL studies used the same 

operationalizations of implicit and explicit treatments and also found significant learning in both 

conditions across studies, and the effect size was much larger for explicit than implicit. This pattern held 

for both simple and complex target forms, showing no interaction between complexity of form and 

pedagogical treatment, at least for the operationalization of complexity used here (number of 

transformations needed to reach target form). Explicit conditions generally resulted in larger effect sizes 

across types of outcome measures. However, the confidence intervals of both conditions’ interactions 
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with type of outcome measure overlap, thus limiting these results. Since implicit treatments also resulted 

in significant gains, the authors’ conclusion is that explicit instruction can be beneficial, but may not be 

necessary, for language learning. 

Empirical studies. Findings of early studies have created some guidelines for later research. Ellis 

(1993) found that only the group given rules with exemplars was able to generalize to new exemplars at 

testing, because with a complex form, explicit instruction without examples may not be comprehensible 

to learners. However, control groups in this study were at a disadvantage because their practice involved 

memorization of forms with no meaning attached to them. Many other studies reporting positive effects 

for explicit explanations have design problems, such as Robinson (1996, 1997a, 1997b) in which every 

condition also had a secondary task, and Scott (1990) which used classroom instruction without 

controlling for outside exposure. 

Robinson (1995a, 1995b, 1996) used a 4 x 2 design in which the 4 conditions (implicit, 

incidental, rule-search and instructed) served as between-subjects factors and the 2 levels of complexity 

(simple v. complex rule) were within-subjects factors. Outcome measures were speed and accuracy in a 

post-test GJT and the targeted structures were subject-verb agreement in structures that require inversion 

(complex) or no inversion (simple). Participants also completed the short form of the MLAT as a measure 

of aptitude and a debriefing questionnaire as a measure of awareness. Participants (n = 104) were 

intermediate ESL students in Hawaii. In the implicit condition, participants saw 40 exemplars and were 

instructed to remember them. Memory questions were included after each item, asking for specifics such 

as whether two words had appeared next to each other in the item. The incidental question was similar, 

but the intervening questions were comprehension-based. In both incidental and implicit conditions, 

participants received yes/no feedback to those questions. In the rule-search condition, participants saw the 

40 sentences and were asked to find the rules. Intervening questions asked if they had, in fact, found the 

rules yet. Finally, in the instructed condition, participants read through rule explanations that they could 

refer back to during training. In addition, during training they were asked metalinguistic questions in 
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between items, such as whether the verb and subject had been in agreement. They also received yes/no 

feedback to their answers. Clearly, there were many differences between conditions beyond the level of 

instruction participants received. Every condition had a secondary task, but the complexity of that task 

varied by condition. The testing phase, a GJT, was the same in all conditions. Results showed that the 

instructed condition was significantly more accurate on the post-test for both rules than the other 

conditions. RT in the post-test was lowest for the rule-search group and lower for simple than complex 

items compared to simple ones, across most groups. Only in the implicit condition was there no RT 

difference for hard v. complex rules. In the debriefing questionnaire, of those participants who reported at 

least partial knowledge of a rule, in the instructed condition, they tended to report the simple rule, 

whereas in the other conditions, they tended to report the complex rule. This study seems to report some 

advantages for explicit conditions, but is not conclusive due to the variety of factors that differed between 

conditions and the mixed results (more implicit conditions showed benefits in some ways).  

Taking aptitude into account, Robinson (1995b, 1997a) reports that in the same dataset, at least 

one aptitude subtest score correlated with accuracy on the GJT in all conditions except incidental. In 

terms of awareness, participants in the implicit condition who were able to verbalize at least part of a rule 

performed significantly more accurately on the GJT than those who did not verbalize any rules or parts of 

rules. In addition, high scores on aptitude subtests, particularly Grammar Sensitivity, were correlated with 

verbalizations of rules in all conditions except the instructed condition and there were no differences in 

frequency of reported noticing between conditions. Therefore, it seems that when task demands were 

matched with participants’ aptitudes, higher levels of awareness and learning were achieved. This 

analysis suggests that learners’ individual differences (IDs) are crucial for determining their success in a 

given condition; no single condition is going to be superior for all learners. This study did not look at 

retention, so it cannot predict longer-term effects of different conditions on language development.  

Robinson (1997b) used similar operationalizations for three learning conditions (implicit, 

incidental, and instructed) with a different target structure: flexible word order with some ditransitive 

verbs in English. In addition to those three conditions, an enhanced condition was added in which the 
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targeted structure was boxed in the sentence while the follow-up question was focused on comprehension, 

with an aim to create a simultaneous focus on meaning and form in that condition. The testing session 

was again a GJT and a debriefing questionnaire asked about rule search and awareness. All sentences in 

training and testing used nonword verbs to control for previous exposure to English verbs. Training 

consisted of 10 grammatical items that were repeated at different frequencies. Testing consisted of the 

same 10 items repeated, 10 new grammatical items, and 10 ungrammatical items. Analyses included 

accuracy and RT in testing. Looking first at old items, there were no differences in accuracy or RT by 

condition. Within old items, there was no difference in accuracy for more frequently v. less frequently 

appearing items in training. In the instructed condition only a RT effect obtained: participants responded 

more quickly to items they saw more often in treatment; there was no effect in other conditions. For new 

grammatical items, the instructed group was significantly more accurate than all other groups, and there 

were no other significant differences. The instructed group was also significantly faster in responding 

than all other groups, and the enhanced group was significantly slower than the incidental. Finally, for 

new ungrammatical items, the instructed group again outperformed all others on accuracy and the 

enhanced group was significantly more accurate than the implicit. The instructed group was also faster on 

new ungrammatical items than all other groups. However, it is important to note that all groups had 

accuracy above 80% on accepting old grammatical items in the GJT, suggesting that not all differences 

are meaningful. In addition, the varying nature of the secondary tasks between conditions, relatively short 

treatment, test, and relatively simple rule, make it difficult to make firm conclusions based on these 

studies alone.  

DeKeyser’s (1995) study investigated implicit v. explicit conditions learning two types of 

linguistic forms of the artificial language Implexan: Categorical grammar rules were those that were 

entirely predictable, e.g. agreement via morphemes, whereas prototypicality patterns were probabilistic: 

some morphemes, had allomorphs that appeared based on the stem’s orthography. Different allomorphs 

had different probabilities of appearing. He found an advantage for the explicit-deductive group (E-D) in 

learning categorical grammar rules on a written production test (writing the sentence that describes a 
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picture presented on the computer). Although it was not possible at that time to do statistical comparisons 

of prototypicality pattern use since they were percentage scores, the implicit-inductive group (I-I) seemed 

to pattern closer to the prototype. The grammar explanation of the prototypicality pattern included its “full 

complexity” (p. 398), which may have been more information than the E-D group could store in working 

memory to make use of, but having been exposed to it, they might have tried to rely on it, thus hindering 

their performance on that pattern and in general under time constraints. Likewise, many of the I-I 

participants reported looking for rules despite not being told to, perhaps because they knew they were 

participating in an SLA study. These participants therefore increased their task demands, likely inhibiting 

their learning, with the possible exception of acquisition of the prototypicality pattern. During treatment, 

GJT blocks appeared at random times to keep participants focused on mapping form to meaning during 

exposure, but there was no direct participant involvement with exposure items, thus limiting the 

essentialness of practice. This study does not address retention. 

De Graaff’s (1997) study also uses an artificial language, a version of Esperanto called 

eXperanto, to investigate how treatment interacts with complexity of the target structure and learning 

morphology compared to syntax. The Explicit group received grammar explanations following 

comprehension activities and metalinguistic feedback following comprehension and production activities, 

whereas the Implicit group did not receive either of those. The Explicit group outperformed the Implicit 

group at immediate and delayed posttests, for comprehension and production. The difference between the 

two treatments was greatest with complex structures when compared to simple structures. No interaction 

between treatment and syntactic/morphological forms was found. Lastly, all participants performed better 

on the untimed GJT than the timed GJT, thus suggesting that both groups made use of explicit 

knowledge. Two limitations to this study is that all participants had had some previous experience with 

foreign languages, and eXperanto was purposefully designed to be similar to Spanish structure, thus 

potentially giving an advantage to those whose previous experience was with Romance languages. Also, 

during treatment, participants in both conditions repeated items they got wrong, thus changing the amount 

of exposure between individuals and potentially, between conditions.  
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 Using operationalizations of conditions similar to the above studies, Erlam (2003) contrasted 

“inductive instruction” to “deductive instruction” for high school students in intact classes, stating that 

both are types of explicit conditions, but that deductive is more explicit than inductive. The target 

structure in both cases was the morphology and word order of direct object pronouns in French. The 

inductive instruction group (n = 22) received no grammar explanation or metalinguistic information, but 

engaged in input-based activities (e.g., participants were never required to produce the target structure) 

for three days’ classes. The deductive instruction group (n = 21) did have a grammar explanation prior to 

input-based practice. The chart detailing the morphology of the pronouns used in the grammar 

explanation was left on the board throughout the three days’ classes and students were encouraged to use 

it for reference. In both groups, feedback was given and students were encouraged to give the reasoning 

for their answers to activities. In the inductive group, reasoning was meaning-based, whereas in the 

deductive group, it tended to be more rule-based. A control group (n =26) had three days’ lessons on 

partitive articles, an unrelated structure. All participants completed pretests prior to the experimental 

treatments, “immediate” posttests one week following the treatment, and delayed posttests six weeks 

following treatment. Tests included oral narration of a picture sequence (coded by frequency and 

accuracy of direct object pronouns), written production (replacing an underlined direct object with the 

appropriate pronoun), listening comprehension (picking the option out of 4 sentences read aloud that 

describes the picture shown on the overhead) and reading comprehension (picking the correct 

interpretation for a direct object pronoun out of 4 options). All tests were timed to encourage students to 

rely on implicit knowledge, but researchers noted that there was frequent pausing in oral narrations and 

inability to finish the other tests, which suggests that learners were not yet able to rely on implicit 

knowledge of this new form. The listening and reading comprehension tests had quite low reliability, as 

measured by Cronbach’s alpha. Results showed an advantage for the Deductive over the Inductive group 

in listening comprehension at immediate post and written production at immediate and delayed posts. 

There were no significant effects or interactions on the reading comprehension and oral narration tests. 

However, variability in the Deductive group’s scores was greater than in the Inductive group’s scores, and 
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the magnitude of this effect increased over time. This suggests that deductive instruction did not equally 

help all participants in that group, likely due to variation in IDs. Overall results must be interpreted with 

caution, since the timing of tests turned out to be problematic and several tests’ reliabilities were low. 

Moreover, while most of the tests were at least somewhat meaning-based, the written production was 

entirely a question of form, which naturally would give an advantage to the Deductive group. 

The Processing Instruction (PI) strand has built on the above research to investigate the relative 

contributions of explicit instruction, structured input, and a combination of the two on language learning. 

In PI, explicit instruction includes grammatical information and instruction on how input needs to be 

processed to be interpreted correctly and warnings about how learners tend to mis-process and 

misinterpret input. Structured input manipulates input to increase the chances of making key processing 

cues more salient using position within the sentence and increasing frequency, for example. Furthermore, 

manipulated input is presented through practice that is task-essential; that is, correct cue processing is 

necessary for correct assignment of meaning. From there, learners can build form-meaning mappings and 

the target structure may eventually be integrated into interlanguage (VanPatten, 2004; Wong, 2004a).  

Of PI studies, and in contrast to much earlier research, VanPatten and Oikkenon (1996), Benati 

(2004), Farley (2004), Sanz (2004), and Wong (2004b) all found no advantage to explicit instruction 

without structured practice (EI only). VanPatten and Oikkenon’s (1996) and Benati’s (2004) outcome 

measures were written interpretation and production at the sentence-level. Farley (2004) was similar 

except his interpretation task was aural. However, all of these studies except Benati’s severely reduced 

the time on task for EI groups by not giving them any practice. (Although Benati at least gave them equal 

time by having two class sessions of grammar teaching.) In addition, the above studies except Sanz’s used 

printed EI on handouts that participants kept throughout the treatment, thus losing control over how much 

each participant referred back to that information in the PI groups. Finally, Farley did find that the PI 

group (EI plus SI) scored significantly better than structured input alone (SI only); however SI only was 

still sufficient for significant improvement on posttests. Sanz had two PI groups that differed in the 

explicitness of feedback with computerized treatment and assessments. The outcome measures were 
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written interpretation, controlled written production, and open-ended written production (video retelling). 

No significant group differences were found on any of the outcome measures. 

As for retention, Benati (2004) included a delayed posttest four weeks after the immediate 

posttest and found that all groups showed statistically similar scores on the delayed posttest as they had 

on the immediate for both interpretation and production. Farley (2004) also included a delayed posttest 

but does not specify its timeframe or report posthoc analyses that could compare the two posttests in each 

treatment. Thus, it is difficult to generalize on the long-term results of these studies and in fact, similarly 

designed studies show less retention in explicit conditions than in implicit (e.g., Lado et al., accepted). 

Sanz and Morgan-Short (2004) investigated ± explicit explanation and ± explicit feedback 

conditions in a computerized study with Spanish object pronoun clitics as the target form. Explicit 

information was developed along PI guidelines and all groups had practice with structured input. All 

groups improved in interpretation (selecting the picture that corresponded to the sentence presented 

aurally) and production (written sentence completion and written video retelling), and there were no 

significant differences between groups on any measure, suggesting that the common factor between them, 

the structured practice, was the cause for their L2 development. No delayed posttests were administered. 

ANOVAs showed higher mean scores across groups for the sentence completion than the free production 

tasks. 

In contrast to most PI research, Fernández (2008) found significant effects for EI when combined 

with aural SI (including yes/no feedback) for the Spanish subjunctive, but not for Spanish clitics and their 

word order, as compared to an SI-only group for each targeted structure. The significant effects found for 

the subjunctive EI group were: proportion of participants who reached criterion, number of trials required 

to reach criterion, RT to each item, and accuracy of responses after reaching criterion. Fernández set 

criterion at 4 correct responses in a row: 3 target items and one distractor. These results suggest that EI 

may be more useful with some L2 structures than others, and that part of its effect may be in the rate of 

initial L2 development. The difference between the two targeted structures may be due to the limited 

number of items (30) in each treatment: perhaps significant effects would be found between groups for 
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word order with clitics given more time/more input. As Fernández explains, practice with word order 

clitics required processing of the whole sentence to decide whether it agrees with the picture presented, 

whereas with the subjunctive participants could focus on just the main clause and subsequent verb, thus 

perhaps speeding their processing, especially when given EI. However, the crucial deviation from other 

studies in outcome measures cannot be overlooked as an explanatory factor for the different findings. This 

is not to argue against Fernández’s measures but rather to argue for using RT to measure rate of learning 

alongside accuracy measures, with both immediate and delayed posttests.  

Using the same measures, Henry et al. (2009) investigated whether EI+SI would aid in learning 

German accusative case markings compared to participants who only had SI. They found comparable 

results to the subjunctive: significantly more +EI participants reached criterion than -EI, and the mean 

trials to criterion were lower for +EI participants than -EI. Since accusative case is only overtly marked in 

masculine definite articles in German, this was a relatively easy structure compared to the variation in 

number, gender, and word order in the object pronouns in Spanish (Experiment 1 of Fernández, 2008) and 

the variation of gender and number in the Latin Project studies. Possibly, simple EI is more useful to 

participants than complex EI because it is less demanding of cognitive capacity. 

Subsequently, VanPatten, Collopy, Price, Borst, and Qualin (2013) replicated Fernández (2008) 

and Henry et al. (2009) to see whether the conflicting results were in fact due to differences in target 

structure or if one study’s results were false findings. They also added a study of Russian L2 learners 

(target: agent assignment for masculine and feminine singular nouns) and French L2 learners (target: 

agent assignment in causative faire sentences). Note that while the features of the targets varied between 

languages, all depended on learners changing processing strategies from interpreting the first noun as the 

agent to the target-like processing. In each experiment, EI+SI groups were contrasted with SI only and 

learning was operationalized in trials-to-criterion and in pre-post gains. Finally, all participants also took 

the Grammatical Sensitivity subtest of the MLAT. The German and French experiments were the only 

ones that showed group differences: for both, the group that received EI reached criterion earlier than its 

counterpart. However, in neither case was there a group difference in pre-post analyses, suggesting that 
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the benefit of EI was limited to when processing began to follow targetlike patterns but not final learning 

outcome, i.e., the SI-only group caught up. Arguably, the German and French EI sections were the easiest 

and most “portable” (p. 522) for learners to rely on during treatment, as the former consisted of just the 

form of the masculine definite article and the latter of just the presence of the preposition à in a sentence 

with two verbs, In contrast, the Russian EI included information on four case endings (arguably less 

salient than an article that is orthographically a separate word) and the Spanish EI involved mapping new 

functions to forms already known, since most of the direct object clitics are similar in form to definite 

articles. The authors also reported that in general, the measure of Grammatical Sensitivity did not 

correlate with any results, suggesting that is an ID that is not at play here, possibly since PI relies on 

learning processing strategies, not on learning rules. 

In the Latin Project, which borrows some treatment characteristics from PI, Stafford, Bowden, 

and Sanz (2011) investigated ±pre-practice grammar explanation (±GE) and ±EF conditions with 

Spanish/English bilingual adults. They found significant immediate gains for participants in explicit 

groups, but no specific role for +GE on individual assessments. +GE groups showed superior cue usage at 

immediate posttests, but it was not maintained. In general, at delayed posttests, explicit groups showed 

regression to the mean whereas less explicit groups showed retention, demonstrating that task-essential 

practice with some form of feedback is sufficient for learning. In Lado et al.’s ( forthcoming) study of 

second-year Spanish students in ±EF conditions in the Latin Project, similar results obtained: the +EF 

group showed an advantage in accuracy at immediate but not delayed posttests. Additionally, the +EF 

group showed a RT advantage on the two interpretation tasks that was maintained over time.  

Outside of PI-based research, in their study of Spanish contrary-to-fact hypothetical sentences, 

Rosa and Leow (2004) examined six experimental conditions, the two most relevant to this discussion 

being IFE (implicit feedback) and EPIFE (explicit explanation, implicit feedback). Outcome measures 

were a recognition test (multiple choice to complete a sentence) and a controlled written production test 

(fill-in-the-blank). EPIFE scored significantly higher than IFE on both old and new items in the 

production posttest, although all experimental groups outperformed control. Interestingly, in the 
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production of new items, IFE and EP (+GE, -F) did not differ. In addition, EPIFE was the only 

experimental group that did show decay on the delayed posttest. However, as noted by Sanz and Morgan-

Short (2004), given the abstract nature of the target structure, practice may not have been truly task-

essential. The IFE group may not have comprehended the treatment sentences accurately or paid attention 

to tense to distinguish contrary-to-fact from realistic hypotheticals, and thus would not be able to 

discriminate between the three options for each item. Additionally, treatment only consisted of 18 critical 

items, which may not have been enough to facilitate learning in a less explicit condition. Lastly, 

assessments were scored more for form than meaning, whereas interpretation tasks such as those used by 

Sanz and Morgan-Short (2004) and the Latin Project (Sanz, Stafford, & Bowden) require form-meaning 

mapping. 

In cognitive neurolinguistics, Morgan-Short et al. (2010) looked at two levels of proficiency in an 

artificial language (Brocanto2) regarding two types of gender agreement (article and adjective), and two 

training conditions (±grammar explanation, both with task-essential practice and yes/no feedback). 

Behaviorally, both training groups improved from low to high proficiency and at each assessment point 

groups did not score significantly differently from each other. Neurally, at low proficiency, neither group 

showed native-like event-related potential (ERP) responses to either type of agreement violation.  At high 

proficiency levels, both training conditions showed native-like brain patterns, namely P600s in response 

to noun-article agreement violations, although the implicit participants’ responses were more native-like 

by including a LAN prior to the P600. Using the same procedure and participants, Morgan-Short et al. 

(2012a) looked at behavioral and ERP responses to a syntactic word order violation. In this case, there 

were also no behavioral differences between groups. ERPs showed native-like responses (anterior 

negativity followed by a P600) in the implicit training group only, and only at high proficiency. Explicitly 

trained participants at high proficiency only showed the P600. These results suggest again that the 

common factor between groups, the task-essential practice, is what drove language learning behavior. 

Morgan-Short et al. (2012b) continued the latter study by looking at longer-term retention. Three 

to six months after the initial posttest, participants returned to the lab where they reviewed vocabulary and 
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then had 8 practice modules prior to assessment (similar to the last day of the first study). No behavioral 

differences were found for Time or Group, but ERP results showed more native-like processing in both 

groups: the anterior negativity appeared earlier, was more robust, and was more broadly distributed. 

Therefore, provision of explicit information may delay the creation of implicit knowledge, but with time 

and offline consolidation of knowledge, such a state can still be reached. Thus, it seems that two learners 

in different conditions can reach a similar processing state with time. 

 In sum, learners’ engagement with practice, amount of practice, and type of outcome measure 

have bearings on outcomes of research. So far, explicit information seems to have an effect when practice 

is less task-essential and practice and/or outcome measures are more focused on form than meaning. In 

contrast, when practice is highly task-essential there are no added benefits for explicit information (e.g., 

Sanz & Morgan-Short, 2004; VanPatten & Oikkenon, 1996). Lastly, learning in more implicit conditions 

may be slower and require a greater amount of exposure than in explicit conditions (Ellis, 1993). Studies 

that include delayed posttests often show behavioral differences between instructional conditions favoring 

implicit conditions at delayed post-tests (Morgan-Short et al., 2012a; Lado et al., accepted) but not in 

neural activations (Morgan-Short et al., 2012). Even so, instructional conditions are not the only 

determiner in SLA: learners bring IDs to the conditions. Two IDs related to cognitive capacity, and 

therefore with implications for effects of learning conditions, are aging and bilingualism. 

Bilingualism and Conditions 

As established in Chapter 1, instructional conditions differ in the demands they make on learners 

in terms of attention and other cognitive resources. Theory suggests that bilinguals’ advantage in 

attentional control will give them an advantage in implicit learning conditions that is not present in 

explicit conditions. So far, studies in AGL and the Latin Project support this position. 

Nation & McLaughlin (1986) investigated the differences between “novice” and “expert” 

language learners in their AGL study, and operationalized the novice/expert divide in terms of previous 

language learning experience: monolinguals (n = 14), bilinguals (n = 14), and multilinguals (n = 14). By 

using an AGL task, the researchers were able to avoid possible transfer effects from previous languages 
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studied. All participants participated in both implicit and explicit training, on different grammars, with a 

break of about ten days between the sessions. The implicit session always preceded the explicit session, 

while the order of grammars was counterbalanced between participants. In the implicit session, half of the 

participants were exposed to randomly ordered strings and the other half to strings ordered according to 

their string type. The explicit session was also random or ordered exposure, and participants were told 

that there were rules and were advised to learn them. In the testing phase of each session, participants 

decided whether randomly presented strings were grammatical. Overall, participants who received 

structured input scored higher on posttests than those who did not, both in implicit and explicit 

conditions. In the implicit condition, multilinguals performed significantly better than monolinguals or 

bilinguals did, but prior experience did not play a role in performance in the explicit condition. 

Interestingly, monolingual and bilingual performance increased from session 1 (implicit) to session 2 

(explicit), but multilingual performance did not change, perhaps due to a ceiling effect.  

 Nayak, Hansen, Krueger, and McLaughlin (1990) investigated a similar phenomenon but added a 

level of meaning to their miniature linguistic system by providing referents to their stimuli in the form of 

abstract symbols. In this study, there were only two subject groups (monolinguals, n = 24 and 

multilinguals, n = 24, operationalized as proficiency in two or more languages) and each participant was 

assigned to only one learning condition (memorization or rule discovery). In both conditions, participants 

were stopped at three points in the training and asked to give directions to a naïve subject performing the 

same task as a measure of their awareness and strategy use. Each participant also completed a vocabulary 

test (whether a “word” was matched with the appropriate symbol/referent) and a syntax test (whether a 

“sentence” was acceptable). Participants in the memorization group performed significantly better than 

the rule-search group on the vocabulary test, and there were no differences between levels of prior 

experience. In the syntax test, violations involving simpler rules (items that only dealt with linear 

violations) were identified significantly more often than those involving complex rules (interactions 

between classes of words). Multilinguals performed significantly more accurately than monolinguals in 

the explicit condition only, a finding that goes against that of Nation and McLaughlin (1986). The authors 
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argue that the differing result may be due to differences in methodology between the two studies: Nation 

and McLaughlin did not instruct their implicit group to memorize anything, whereas the current study did, 

and Nation and McLaughlin did not provide referents or a sentence-like AGL, as the current study did.  

The hypothesis of higher levels of attainment by bilinguals in less explicit conditions is partially 

supported by data from recent Latin Project studies. The Latin Project (Sanz, Bowden, & Stafford) aims 

to investigate the interactions between internal and external variables in learning assignment of Latin 

thematic roles through computerized treatment that includes vocabulary lessons and task-essential 

practice and testing phases. Stafford (2005) investigating the learning of Latin by Spanish/English 

bilinguals divided into four groups based on proficiency criteria: (1) simultaneous bilinguals, (2) pre-

adolescent sequential bilinguals, (3) post-adolescent sequential bilinguals, (4) developing sequential 

bilinguals. All participants received treatment that included pre-practice grammatical explanation and 

explicit feedback. The highest levels of learning and retention (on the immediate and delayed post-tests, 

respectively) were found for groups (2) and (4), but overall group differences were not significant for 

Level of Bilingualism or Age of Onset. A similar lack of Level of Bilingualism interaction with Cue 

preference was found in Stafford, Sanz, and Bowden (2010), in their further analyses of this data. The 

results of both of these analyses, when taken in conjunction with the below studies, suggest that the 

highly explicit condition equalized potential differences between more and less proficient bilinguals. 

 Lado (2008) and Lin (2009, 2011) investigated the relationship between Level of Bilingualism 

and Condition in the Latin Project. Their conditions were operationalized by the provision of explicit 

feedback (feedback containing metalinguistic information) as opposed to yes/no feedback. Lado’s 

participants were English/Spanish participants at low, intermediate, advanced, or near-native L2 

proficiency. In the +EF group, significant differences in accuracy were found only between participants at 

the lowest L2 proficiency level and the other three participant groups, perhaps because the more advanced 

L2 groups had more experience with grammar explanations as a result of their foreign language study. In 

the -EF condition, the reverse pattern was found: the Near-Native group scored significantly higher than 

all other groups, suggesting that balanced or nearly balanced bilingualism facilitated non-primary 
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language learning in less explicit instructional conditions, possibly because of attentional demands in 

those conditions. This pattern was maintained when trained items (those seen in practice that could be 

answered from memory) and untrained items (those never seen in practice, thus testing learning of the 

new cue) were analyzed separately. That the untrained items showed the same pattern of results suggests 

that the most balanced bilinguals were better able to re-allocate attention to the novel but most reliable 

cue (case morphology) than less proficient groups were, despite the fact that neither group had experience 

with case-marking languages. Moreover, the significance of this pattern was stronger in outcome 

measures that relied more on control, such as written production. Although differences between 

proficiency levels were generally not significant in the +EF condition, scores varied widely enough that it 

does not seem likely that ceiling effects played a role. In contrast to accuracy, reaction times generally did 

not show significant differences between level of bilingualism or condition, thus not supporting the 

hypothesis that bilingualism would increase the efficiency of language learning through automatization.  

 Lin (2009, 2011) used the same experimental design as Lado (2008) but with a population of 

Mandarin/English bilinguals divided into three L2 proficiency groups: low, intermediate, and high. In the 

+EF condition, she did not find a difference between language proficiency groups. However, results did 

show a significant advantage for bilinguals at the Intermediate or High proficiency in the -EF condition 

on the trained items in the grammaticality judgment test. Although the results are not as robust as in 

Lado’s dissertation, the overall pattern of bilingual advantages appearing in less explicit conditions is 

maintained in this study.  

 The above reviewed studies suggest that learning across participants is more uniform in more 

explicit conditions and that bilingual advantages appear stronger in less explicit conditions, but it is clear 

that more direct research of this question is needed before conclusions can be reached. The hypothesis 

that these generalizations will hold true in further studies is supported by the theory that bilingual 

advantages in attentional control help them to focus on the most informative cues when dealing with 

novel language input, an action that distinguishes them in implicit conditions but can be approximated by 

monolinguals in more explicit conditions. While these studies do not show conclusive evidence that the 
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bilingual advantage is in control of attention rather than metalinguistic awareness, since the most reliable 

cue for assignment of thematic role, noun case morphology, is novel to all learners in the studies, it seems 

unlikely that bilingual participants would have an advantage in identifying that cue, but having identified 

it, they would have an advantage in inhibiting access to their L1 cue (word order) to instead use the novel 

cue. In addition, while both Lado (2008) and Lin (2009, 2011) refer to Bialystok’s (2001) control and 

analysis framework to explain their results, neither has within-subjects data of attentional control and 

non-primary language learning that would relate the theory and outcome more closely.  

Aging and Conditions 

Although all of the cognitive effects on aging outlined above (sensory function, processing speed, 

WMC, and inhibitory control) have potential effects for learning in general, implicit and explicit learning 

conditions exert different cognitive demands on learners. Specifically, implicit conditions seem to be less 

demanding of explicit memory, therefore providing older participants with an advantage that leads to 

higher learning when compared to older adults in explicit conditions. 

 Howard and Howard (in press) find dissociable age effects in implicit learning in two tasks: 

learning sequences of events (operationalized as learning on the ASRT) and learning spatial contexts 

(operationalized as learning on the spatial context cueing task, SCCT). In studies of extreme age groups, 

their lab and others find no age difference on the SCCT but some age differences on the ASRT. This 

section looks in detail at studies that have found age effects in implicit learning, those that have not, and 

those that have compared implicit and instructed conditions.  

Age effects in implicit learning. Several studies show that while both older and younger adults 

show learning with the ASRT and Triplet Learning Task (TLT), the younger groups outperform the older 

groups on both tasks (Howard & Howard, 1997; Howard et al. 2004a; Howard et al., 2004b; Bennett et 

al., 2007; Howard et al., 2008). In Howard and Howard (1997), three age groups (young adults, young-

old adults, aged 65-74, and old-old adults, aged 76-80) completed six sessions of the ASRT. In 

experiment 1, both younger and older adults (n = 6 of each) decreased their RT to pattern trials compared 

to random trials across sessions, showing an effect for trial type. Accuracy was at ceiling in session 1, and 
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stayed constant for pattern trials whereas it decreased for random trials. However, the magnitude of 

learning differed by age: younger adults showed a greater trial type effect overall and they also showed a 

greater increase in the effect across sessions. Lastly, younger adults showed significant learning of higher-

order structure, whereas older adults did not. In experiment 2a, similar results were found when young 

adults were compared to young-old and old-old adults: trial-type effects were greater for younger adults 

than for either older group, and only young adults showed higher-order learning. In this experiment, 

participants were also asked to produce frequently seen sequences as part of their debriefing. The young 

adults produced significantly more sequences that they had seen than either of the older groups. When 

younger adults were pushed to reach 100% accuracy in Experiment 2b, there were still age differences in 

trial type effects measured by RT when compared to the highly accurate old-old group of Experiment 2a, 

but no longer effects for accuracy by trial type. Thus, pattern learning is not determined by accuracy. 

Explanations for the age differences in magnitude of learning may be that the intervening random events 

have a greater disruptive effect on older adults’ learning than they do for younger adults. 

Howard, Howard, Japikse, DeYanni, Thompson, and Somberg (2004) extended the research by 

investigating the factors of level of structure (lag-2 v. lag-3) and extending practice to 10 sessions. Also, 

the n in this study increased to 24 of each age group. The results from lag-2 structures paralleled those of 

Howard & Howard (1997), even at the final sessions, thus showing age effects even with more practice. 

For lag-3 structures, while young adults showed learning in terms of trial type effects in RT and accuracy 

that increased with time (although much smaller effects than found with lag-2), older adults showed 

learning in both trial effects but there was no change across sessions. The young adults first showed a 

significant trial type effect in Epoch 1, whereas the older adults did not until Epoch 4. Age differences 

were apparent beginning in Epoch 2. In the conclusion, authors suggest that older adults’ very limited lag-

3 learning has important implications for real-life sensitivities ranging from learning to use new computer 

software to learning foreign languages – the latter being crucial for the current study.  

In a study also investigating the extent to which the sequence structure affects learning, Dennis, 

Howard, and Howard (2006) used an auditory version of the SRT with verbal stimuli. Since the stimulus-
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to-response mapping changed on every trial with this task, researchers disentangled perceptual sequence 

learning from motor sequence learning. The three experiments of this paper each used a different 

sequence structure with an extreme age groups design each time: (1) a first-order deterministic sequence, 

(2) a second-order deterministic sequence, and (3) a probabilistic lag-2 sequence (that is, the ASRT). In 

the first two experiments, both age groups showed learning in terms of RT and younger adults showed 

evidence of declarative knowledge but older adults did not. In the third experiment, older adults did not 

show learning, younger adults did, and neither group showed evidence of explicit knowledge. These 

results suggest that the motor response component of the traditional ASRT supports implicit learning in 

older age. 

In addition, age differences favoring younger age have also been found “younger” and “older” 

middle-aged adults (Feeney, Howard, & Howard, 2002), although there is also a large amount of 

individual variation at all adult ages. Interestingly, Janacsek, Fiser, and Nemeth’s (2012) developmental 

study using participants from age 4 to age 85 found that children ages 4-12 showed the greatest learning 

of high-frequency triplets in terms of RT in the ASRT, whereas adults aged 45 and older showed the 

greatest learning of high-frequency triplets in terms of accuracy; older adults showed less learning in both 

measures than young adults. 

Lack of age effects in implicit learning. Howard, Howard, Dennis, Yankovitch, and Vaidya 

(2004) found that both older (n = 36) and younger adults (n = 36) performed equivalently on the SCCT. 

In this task, participants saw arrays of letters. In each array, there was one “T” and multiple “L”s; the 

participants had to find the “T” and respond according to which direction it was facing. Twelve arrays 

were new in each block and each block contained one array repeated from practice. In Experiment 1, 

older adults responded more slowly than younger overall, but in both groups there was a significant effect 

for Epoch (showing reduced RT over time), for Condition (showing a difference in RT between repeated 

and new arrays), and a significant interaction for Epoch x Condition (showing a context cuing effect). The 

three-way interaction of Epoch x Condition x Age did not approach significance; therefore, older and 

younger adults showed similar context cuing effects. Although 43% of the participants reported that some 
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arrays were repeated, neither age group had significant results in a recognition task, suggesting that these 

participants differed from the rest in terms of strategy, but not necessarily in explicit or declarative 

knowledge. Experiment 2 increased the task difficulty by making the L’s look more like T’s, so that 

young adult RTs would be more similar to the older adult RTs in Experiment 1. Overall RTs were slower, 

as desired, but the contextual cuing effect was not greater than it was with the older adults in Experiment 

1, which shows that the age effects were not due to overall differences in RT. In Experiment 3, half of the 

participant pool from Experiment 1 was invited to come back for another study. They completed the 

ASRT and results showed a greater triplet-type effect in younger than older adults, as expected. Thus, 

within the same sample, sequence learning and spatial context learning were dissociated. 

Possible explanations for the dissociation between the ASRT and SCCT come from the task 

features: in the SCCT, all the necessary stimuli to learn the pattern are presented in single trials, whereas 

in the ASRT such information is presented over a series of trials. In addition, the ASRT involves learning 

of probabilities whereas the predictors in the SCCT are deterministic and always point to the same 

outcomes. That is, the patterns in the ASRT are higher-order, whereas they are first-order in the SCCT. 

Therefore, the two tasks, while both implicit, are different in structure and seem to tap different neural 

networks. Howard and Howard (in press) present evidence from imaging studies that the networks in 

question are the striatum for sequence learning and medial temporal lobe (MTL) structures for spatial 

context learning, which is a change from the traditional view that the latter is always associated with 

explicit learning in accordance with recent developments psychology theory (e.g., Henke, 2010). These 

two structures decline differentially with age, thus explaining the differential age effects by task. 

Additionally, higher-order sequence learning is likely to be more relevant to morphosyntactic language 

learning than spatial context learning is. 

The question of task features was also investigated in Turcotte, Gagnon, and Porier’s (2005) by 

comparing supra-span tasks with verbal and visuo-spatial stimuli. Younger adults (n = 30, age 19-29) and 

older adults (n = 30, age 64-85) completed Experiment 1, in which sequences consisted of either words or 

non-words. Each individual’s WM span was measured and sequences were created to be longer than their 
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span. Stimuli were presented in written form and recalled orally, with one sequence repeated during 

training. For word (familiar) stimuli, there were no age differences: all participants had equivalent recall 

and all recalled the repeated sequence better than the random sequences. For nonword (unfamiliar) 

stimuli, younger adults had more accurate recall than older adults, but the difference in accuracy between 

repeated and random sequences was equivalent between age groups. Therefore, it does not seem that 

recall in either age group is dependent on prior familiarity. In Experiment 2, similar participants took part 

in a visuo-spatial supra-span task in which squares appeared on the computer screen in random sequences, 

with one sequence repeating throughout the task. Younger adults recalled the repeated sequence 

significantly more accurately than they did the random sequences, but there was no such difference in 

older adults’ performance; thus, age had an effect on learning. The less apparent age differences in verbal 

tasks, even with unfamiliar words, suggest that language learning may not be as impaired as other 

learning mechanisms, although patterns of words in this study is of course not equivalent to meaningful 

syntax. In addition, in this study the nature of the stimuli is confounded with the nature of the response; 

that is, in Experiment 1 participants viewed verbal stimuli and responded orally, whereas in Experiment 2 

participants viewed spatial stimuli and responded with movements. It may be that motor skill learning is 

more degraded than verbal skill learning in older adults. Lastly, due to the high number of participants 

who reported awareness, it is not possible to disentangle the roles of implicit and explicit knowledge in 

these tasks. 

Schmitter-Edgecombe and Nissley (2002) also found no age differences in a visuo-spatial task. 

Younger (n = 72, age 18-28) and older (n = 72, age 59-83) participants scanned matrices to spot the target 

“6.” In the constant covariation condition, the location target “6” was constant in each of the four 

matrices. In the changed covariation condition, the location of the “6” changed in the fourth block. In the 

no variation condition, the “6” occurred in random locations in each trial. Learning was measured by 

disruption effects in the changed variation as compared to overall performance in the constant covariation 

condition. Significant disruption effects were obtained for younger and older adults in the changed 

condition, whereas RT steadily decreased across all blocks for those in the constant condition. A measure 
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of implicit knowledge (matrices without a 6 presented so quickly that participants had to respond 

automatically) showed no significant differences by group. Results on the questionnaire investigating 

explicit knowledge showed that although some younger and older participants reported suspicions that 

there was a pattern, only one younger adult and two older adults were able to verbalize the pattern. 

Another question is the extent to which sequence learning in different tasks is truly implicit. 

Weiermann & Meier (2012) investigated incidental sequence learning across the lifespan, and found that 

although sequence learning was equivalent across age groups, for children and older adults, sequence 

learning was only present when participants showed high levels of explicit knowledge. In paradigm task-

switching version of the ASRT, participants view stimuli one at a time and respond according to one of a 

number of tasks (classify stimulus as bird/mammal, kitchen utensil/musical instrument, tree/flower) 

according to the type of stimulus (animal, instrument, or plant). The order of tasks followed a pattern 

unknown to participants, and learning was measured as the increase in RT when the pattern was removed. 

All three age groups had accuracy scores at ceiling. RTs of younger adults were significantly faster than 

those of older adults and children, who did not differ from each other. When comparing performance in 

the last block before the pattern changed to the block in which the pattern changed, all participants 

showed equivalent amounts of disruption (slower RTs with the change). Therefore, this study presents 

evidence of equivalent incidental sequence learning across the lifespan. To investigate the relationship 

between explicit knowledge and sequence learning, the authors compared the disruption score (change in 

RT when pattern was removed) with zero for high-explicit (reported knowledge of at least one 6-item 

sequence) and low-explicit participants. High-explicit participants’ disruption scores were significantly 

above zero in each age group, whereas for low-explicit participants, disruption scores were significantly 

above zero only in young adults. Therefore, for children and older adults it seems that sequence learning 

was closely related to explicit knowledge, whereas for young adults only sequence learning existed in 

some cases without much explicit knowledge, suggesting age effects for implicit learning of sequences.     

At the same time, one study points to age effects being limited to behavior, rather than neural, 

activity. Daselaar, Rombouts, Veltman, Raaijmakers, and Jonker (2003) used a second-order SRT (i.e.., 
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the ASRT) with fMRI imaging with two samples: men aged 30-35 (n = 22) and men aged 63-71 (n = 40). 

In the behavioral data, both age groups reached the same level of learning, but it took the older adults 

more time to get there. Crucially, fMRI results did show different brain areas activated for patterned v. 

random trials. Therefore, the behavioral change in older adults in session two does not seem to come from 

a change in brain networks used; likewise, aging does not seem to change which brain networks are used 

to complete the task. The authors conclude that the “modest” behavioral effects (p. 1018) in this and 

previous studies are not coming from changes in brain use due to aging and therefore, procedural memory 

is largely maintained in older age, especially when compared to both behavioral and neural age effects in 

declarative memory tasks. However, this study’s “younger” group was not as young as is typically used 

(age 18-25), so it may be that a more extreme groups comparison would yield different results. Bennet et 

al. (2011) found similar results with diffusion tensor imaging: both age groups showed sequence learning 

in the ASRT, age differences in behavior appeared with time, and both caudate-DLPFC and 

hippocampus-DLPFC tracts were associated with sequence learning for both age groups. In addition, age 

group differences in caudate-DLPFC tract integrity mediated late-stage sequence learning.   

Indeed, Rieckmann, Fischer, and Bäckman (2010) found equivalent sequence learning in younger 

and older adults on the SRT (deterministic second-order sequence) while they did find differences in 

neural activations. For younger adults, higher levels of learning over time were associated with increased 

activation in striatum and decreased activation in the MTL. For older adults, higher levels of learning over 

time were associated with increased activations in both the striatum and MTL. Thus, it seems that older 

adults are able to use the MTL to compensate for the natural decay of the striatum due to aging, at least 

when the sequence is relatively simple; in turn, this may also help explain why age effects are found with 

more complex structures: the MTL is less well equipped to compensate in those cases (Rieckmann & 

Bäckman, 2009). 

In addition, Simon, Vaidya, Howard, & Howard (2011) found that over time, the neural 

activations in the TLT do differ by age. This task also uses higher-order probabilistic patterns and while 

both age groups showed learning, the younger adults outperformed the older adults with time. Again, both 
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age groups showed activation of the hippocampus early in training, but with time, the younger adults 

switched to the caudate while the older adults continued to show activation of the hippocampus. This 

difference is hypothesized to explain the behavioral difference: the hippocampus is relatively spared in 

aging, so early performance is comparable between the ages, but the hippocampus is not well suited to the 

associative learning necessary to show continued improvement in the task, whereas the caudate is.  

In conclusion, Howard and Howard’s (in press) suggestion to look at neural imaging is the 

necessary next step to dissociate various types of implicit learning and clarify how age plays a role in 

learning. For example, it may be that probabilistic sequences such as the ASRT, TLT, and morphosyntax, 

rely on the MTL as well as on striatal systems, thus creating age effects if these two areas are in 

competition for implicit and explicit learning in older adults, whereas they can work in parallel in younger 

adults (Rieckmann & Bäckman, 2009).  

Interactions between instruction and aging. Although the extent to which implicit learning 

mechanisms are maintained in old age is unclear, when comparing implicit to explicit conditions in 

comparisons of age, instruction has not been shown to help older adults’ learning, and in fact often 

diminishes it. Howard and Howard (2001) used the ASRT with young adults (n =12) and older adults (n = 

24), dividing each age group into incidental and intentional conditions. In the intentional condition, 

participants were told there that every other target followed a pattern and that discovering it might 

improve their reaction times, but that their main task was still to respond as quickly and as accurately as 

possible. Participants in the incidental condition were merely told that researchers were interested in 

seeing how reaction time improves with practice. Both age groups showed sequence learning. Overall, 

older adults’ learning increased less across sessions than younger adults’, and crucially, the older 

intentional group showed less of a trial type effect than the older incidental group, whereas there were no 

differences in instructional conditions for younger adults. Likewise, the session in which older 

participants first reached significant learning (as measured by either RT or accuracy) was later in the 

instructional condition than in the intentional, whereas there was no significant difference in session 

showing the first significant learning of younger adults. The negative effect of older adults’ trying to find 



53 

 

the rule may be explained by the fact that 2/3 of the younger adults in the intentional condition reported 

partial or full explicit knowledge of the pattern, whereas none of the older intentional participants did. 

Therefore, it may be that the task of trying to find the pattern overloaded the older adults’ cognitive 

capacities and limited their learning of the pattern as well as developing awareness of the pattern. Finally, 

since intentional participants were not ever tested on the sequence without having the rule-search task, it 

may be that they did learn the implicit pattern but the rule-search consistently inhibited their performance 

in responding to it.  

Gagnon, Bédard, and Turcotte (2005) also used incidental and intentional conditions with two age 

groups, young adults (18-30, n = 45) and older adults (65-80, n = 47), but with a supra-span learning task 

in which participants viewed sequences of blocks appearing on a computer screen and then had to recall 

the order of the blocks by pointing to the different areas of the screen. The length of sequences was two 

items more than a participant's individual span score on a prior span test. Participants in the intentional 

condition were told found that a pattern would be repeated during the supra-span task and saw an asterisk 

on the screen during pattern trials. Incidental participants were only told that they would recall sequences. 

While younger adults outperformed older adults in both conditions, younger intentional participants 

outperformed younger incidental participants on patterned sequences only. Within the older participants 

there was no difference in instructional condition and across condition, accurate responses to pattern trials 

when compared to random trials only approached significance. Of the participants who reported 

awareness in the debriefing interview, the young aware participants had higher recall than the older aware 

participants. Statistics confirmed that young adults’ explicit knowledge was significantly correlated with 

learning in Block 6, whereas no such correlations were significant for older adults’ explicit knowledge. It 

is difficult to say whether the disadvantage for older adults is due to declines in implicit or explicit 

learning, since they show less learning across the board as well as less accurate explicit recall. 

In addition, in their meta-analysis of studies investigating associative v. item learning in younger 

and older adults, Old and Naveh-Benjamin (2008) found that younger adults scored higher than older 

adults in both types of memory tasks, with a larger age effect in associative than item memory. The 
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contrast was most clearly seen under intentional rather than incidental learning conditions, demonstrating 

the greater decline with aging in explicit memory compared to implicit. Also, the difference in learning 

conditions was equalized in older adults when the test was free recall rather than recognition. 

Gaillard, Destrebecqz, Michiels, and Cleeremans (2009) used the SRT with more (30 blocks) or 

less practice (15 blocks) and two types of post tasks: in the inclusion task, participants were asked to 

recreate the sequence they had been exposed to. In the exclusion task, participants were asked to create a 

sequence that was not similar to what they had been exposed to. All participants also participated in a 

recognition task similar to a GJT: they saw a sequence and rated their confidence in judging whether it 

had been part of the experimental sequence. Participants were young adults (age 18-29), middle-aged 

adults (39-51) and older adults (59-90). In the short training condition, participants of all ages showed 

reduced RTs with practice, and RTs were slower with increased age, but there was no interaction between 

the two effects. In the long training condition, the same pattern was obtained and there was a Block x Age 

interaction, but it was carried by slower performance in older adults in blocks following breaks, so it is 

not a meaningful interaction. As for the post-tasks, participants of all ages performed better on the 

inclusion than the exclusion task. In the recognition task, older participants accepted more new items as 

familiar from training than younger and middle-aged adult groups; however, all age groups successfully 

distinguished between old and new items on average. Interestingly, for young adults, performance on the 

SRT and the post-tasks were highly correlated. For older adults in the long training condition, 

performance was marginally correlated, and there were no significant correlations for any other groups. 

This suggests that there are different skills or cognitive resources involved in the different tasks for older 

adults in deterministic sequence learning. 

Song, Marks, Howard and Howard (2009) showed that procedural learning can take place in 

healthy older adults even when explicit information is given for some events. The researchers modified 

the ASRT to provide cues in some blocks to prompt explicit learning while still maintaining some blocks 

cue-less to measure procedural learning. In Cued blocks, Pattern trials were grey while Random trials 

were black. In Probe blocks, all trials were black. Half the participants constituted the Intentional group 
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and were told that the Cued blocks followed a pattern, and after every block they were asked to report or 

guess at the pattern. The other half were Incidental and were told that Cued blocks were to help 

distinguish between trials. Neither group was given information about the Probe blocks. In the Incidental 

group, participants who reported the pattern (generally between block 1 and 16, averaging at block 5 was 

termed Intentional-with-Knowledge while the remaining 8 participants were Intentional-Without-

Knowledge. Analyses of Probe blocks showed no group differences in RT; therefore, procedural learning 

in Probe blocks was not affected by explicit instructions on Cued blocks or knowledge of patterns in Cued 

blocks. For accuracy, there were no group differences on Cued or Probe blocks. To conclude, explicit 

instructions on Cued blocks did affect performance on Cued blocks (in terms of RT but not accuracy), but 

played no role in RT or accuracy on Probe blocks, that is, on procedural learning.  

 Approaching a linguistic study, Midford and Kirsner (2005) compared grammaticality judgments 

of complex versus simple artificial grammars following learning in two conditions: with explanations or 

without, and by two extreme age groups. In conditions with rule explanations, participants were presented 

with the diagram of the AG, worked through progressively more difficult examples of grammatical 

strings, and then produced three examples of their own. They received no additional practice or exposure. 

In conditions without rule explanations, participants were told to learn and remember what they saw, 

which was 27 items presented on the computer screen, after which they were told that the strings were 

generated by a grammar. At testing all participants judged whether strings were grammatical or not. 

Results showed that older adults (age 58-74) had consistently slower RTs than the corresponding younger 

adults (age 17-28) in the same condition. For accuracy, the [+complex, -rules] group was the only 

condition in which there were no age effects and both age groups performed above chance. The greatest 

age difference occurred in the [-complex, +rules] condition in which younger outperformed older adults. 

In both age groups, accuracy in the [+complex, +rules] condition was not statistically greater than chance. 

These results suggest that older adults’ implicit systems are well maintained for complex learning 

language-like information, whereas they have difficulty making use of complex explicit information 

provided to them. Young adults show the same difficulty when the rules are complex. These findings are 
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somewhat surprising that even in the implicit condition participants were instructed to “learn and 

remember” what they saw during the study phase, which one might expect to activate stereotype threats 

for older adults. 

 Lenet et al. (2011) is the only study to date to investigate the interaction of aging and learning 

condition on a (miniature) natural language: thematic role assignment in Latin, as part of the Latin 

Project. Conditions were operationalized by including metalinguistic feedback (Explicit) v. yes/no 

feedback (Less Explicit). All groups also received task-essential practice. Learning was measured by four 

post-tests: written interpretation, aural interpretation, written production, and GJT. No overall age deficits 

were found in learning. However, within the older adult group, older adults in the Less Explicit condition 

outperformed those in the Explicit condition on the GJT (thought to be a less explicit test) and this was 

maintained when participants with previous Latin experience (n = 9) were removed from analyses. In 

addition, only the Less Explicit condition showed improvement with time on written production. Older 

participants also reported that the timing of feedback in general frustrated them, which may have 

negatively impacted their performance even more. When test scores were combined, only the Less 

Explicit group showed learning over time. In contrast, the composite learning score of younger adults 

showed superior learning in the Explicit condition when compared to the Less Explicit. 

 To summarize, the variation in the above studies points to both variation in types of implicit 

learning and to varying age effects. It is relatively clear that older adults tend to perform better in implicit 

conditions than explicit conditions for the same task. Although Lenet et al. (2011) had a very small 

sample size, it and Midford and Kirsner (2005) provide important evidence that adult language learning 

may parallel patterns in those psychology studies that show poorer performance by older adults in more 

explicit learning conditions compared to less explicit ones, and the opposite for younger adults. This 

interaction can be explained by the cognitive effects of aging, such as limited WMC and slower 

processing speed that make it harder for older participants to capitalize on explicit information, as well as 

the stereotype threat that can be activated if older adults are told that they will need to remember items. 

However, research in this area is still in preliminary stages and can benefit from more investigations of 
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natural languages and variation on type of explicit treatment. For instance, since the timing of the explicit 

feedback was a stressor for older adults, self-paced explicit information can be investigated. 

Mediating and Moderating Factors: Attentional Control, Aptitude, and Implicit Motor Sequence 

Learning 

Attentional control. As laid out in Chapter 1, bilinguals’ cognitive control has been shown to be 

superior to monolinguals’, with some significant differences in cognitive or attentional control and some 

significant differences in overall RT on the same task, pointing to an advantage in goal maintenance. This 

section reviews empirical studies that present these results. Then, I consider studies that have linked 

attentional control with L2 processing and L3 vocabulary learning. To date, no studies have investigated 

interactions between attentional control and L3 acquisition of morphosyntax functions. 

Bilingual advantages in attentional control. Looking at the extent of bilingual effects on 

attentional control, then, a variety of tasks have been used. Bialystok, Craik, Klein, and Viswanathan 

(2004) found bilingual advantages in the Simon task, in which participants respond to a colored cue 

present on one side or the other of a computer screen by pressing the button that corresponds to the color 

of the cue. In congruent trials, the button is aligned with the cue; in incongruent trials, it is on the opposite 

side. The additional reaction time needed to respond to incongruent trials is the Simon effect. In this 

study, bilinguals showed smaller Simon effects than monolinguals and the bilingual advantage was 

greatest amongst older participants. In Experiment 2 of the study, researchers included a control condition 

in which the cue appeared in the center of the screen and two conditions with four colors of cues, to 

increase working memory demands to determine if WM needed to keep current task instructions in mind 

was the source of the bilingual advantage. Crucially, bilinguals and monolinguals performed equivalently 

in the control condition, but in all other conditions bilinguals responded more quickly than monolinguals. 

Gold, Kim, Johnson, Kryscio, and Smith (2013) also found a bilingual advantage for older adults 

on a color-shape task-switching task: older adult bilinguals showed less of a switching cost in RT than 

older adult monolinguals did. Bilingualism did not play a role on switching cost for younger adults. 

Moreover, fMRI analyses showed that increased activation in the left DLPFC, left VLPFC, and ACC in 
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older adults was linked to higher switch costs in behavior. Monolingual older adults showed increased 

activation in these areas whereas bilingual older adults and all younger adults did not. Therefore, it seems 

that neural activations in older adult bilinguals are more efficient than they are in older monolinguals, 

thereby effecting cognitive control performance.      

Bialystok, Craik, and Ryan (2006) used the anti-saccade task to isolate parts of attentional control 

into response suppression, inhibitory control, and task switching. In this task, participants focus their gaze 

on a central fixation point as cues appear one after the other on either side of the screen. In Experiment 1, 

participants were instructed to direct their gaze away from the cue (incongruent condition) or toward the 

cue (congruent condition). No bilingual differences were obtained. In Experiment 2, directions were 

changed to require greater processing of the input: participants responded to cues by pressing buttons 

according to the condition type. In this experiment, bilinguals performed faster than monolinguals in 

conditions requiring response suppression, inhibitory control, and task switching. The bilingual advantage 

increased with age. There were no accuracy effects for bilingualism or age. These results agree with those 

found using the Simon task in Bialystok et al. (2004), but add the evidence that some level of processing 

demand is necessary for bilingual advantages to appear in all three areas of executive control investigated.  

Costa et al. (2008) also aimed to pinpoint the bilingual cognitive advantage, this time looking at 

three aspects of the attentional network (alerting, orienting, and executive control) with the ANT. They 

found bilingual advantages in speed for alerting and executive control, but not orienting. The magnitude 

of the advantage in executive control lessened with practice, but the magnitude of the alerting effect 

remained constant. These findings are important especially because their sample was all under the age of 

30, a population at the prime of their cognitive abilities, which levels performance in control in some 

studies (e.g., Bialystok, Martin & Viswanathan, 2005).  

Hernández et al. (2010) found similar results to those of Costa et al. (2008) in a similar 

population, this time using a numerical Stroop task, which has the advantage of not including linguistic 

material as the original Stroop task does, nor do responses depend on spatial conflicts (as they do in the 

ANT and Simon tasks), thus expanding the research. The numerical Stroop task included a neutral control 
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condition in addition to congruent and incongruent trials. In each condition, participants had to respond 

based on the number of items they saw on the computer screen. In the neutral condition, the items 

presented were letters. In the congruent condition, the items were numerical digits that matched the total 

number (e.g., 1, 22, 333) whereas in the incongruent condition, the digits did not match the total number 

of items presented (e.g., 2, 33, 111). As in Bialystok et al. (2004), bilinguals and monolinguals responded 

equivalently to the control condition but bilinguals responded more quickly to both congruent and 

incongruent trials.  

Colzato et al. (2008) investigated monolingual v. bilingual performance on a variety of inhibitory 

tasks to narrow down the type of inhibition that is enhanced in bilinguals. Their bilingual participants 

were Dutch/English bilinguals, and the monolinguals were Spanish speakers living in a monolingual part 

of Spain. They used a “Stop Signal” task in Experiment 1: participants were trained to respond to the 

direction a green arrow was pointing, but had to refrain from responding when the arrow was red. This 

task clearly falls into the category of response suppression, as outlined by Bialystok, et al. (2012), and not 

surprisingly, did not show bilingual differences. Experiment 2 used a spatial cuing task with varying 

lengths of stimulus onset asynchrony (SOA) to see if bilinguals and monolinguals were differentially 

affected by longer periods of time disrupting the flow of cue and target. Bilinguals and monolinguals 

showed decreasing RT with increasing SOA and overall, the presence of a cue became a cost rather than a 

benefit at the longest SOA (1000 ms); there were no significant effects for language group. In Experiment 

3, an Attentional Blink test presented two masked or nearly masked targets in between distracters. If 

participants identify the first target, they generally do not identify the second if the lag between the two is 

small because cognitive mechanisms are still processing the first, thus producing the “attentional blink.” 

A significant group effect was found at Lag 3: in trials with three intervening distracters between targets, 

bilinguals correctly reported the second target less often than monolinguals did. The authors’ 

interpretation is that bilinguals increased activation of the target, thus making the processing of the first 

target so strong that they did not see the second target. Relating this advantage in goal maintenance back 

to the source of language group differences, the authors propose that “learning to keep two or more 
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languages separate leads to a general improvement in selecting goal-relevant information from 

competing, goal-irrelevant information” (p. 310), a difference that could convey bilingual advantages to a 

variety of learning tasks.  

Zied et al. (2004) expanded the empirical questions to include the role of L2 proficiency. 

Balanced French/Arabic bilinguals, French-dominant bilinguals, and Arabic-dominant bilinguals of both 

young adult and older adult ages completed a version of the Stroop task. There were four types of trials: 

word reading, color naming, incongruent intralingual interference (participants answered in the same 

language the words were written in) and incongruent interlingual interference (participants answered in 

French when the words were written in Arabic and vice versa). Within both age groups, in interlingual 

interference conditions, sequential bilinguals were slower when they had to speak in their less dominant 

language, whereas balanced bilinguals performed equally in both languages. In addition, older less 

balanced bilinguals had more errors from their more dominant language intruding in conditions where 

they were to speak in their less dominant language. Therefore, level of L2 proficiency plays a role in 

degree of enhanced inhibition. 

Likewise, Salvatierra & Rosselli (2010) looked at the effect of degree of bilingualism and 

attentional control, but with bilinguals of similar languages: Spanish and English, and two age groups. 

They used a simple Simon task (as described above) as well as a complex Simon task (four colors of 

squares, two of which corresponded to pressing the left key and two of which corresponded to pressing 

the right key). Younger participants were 26 years old on average, while older participants were 64 on 

average. Within each age group of bilinguals, approximately half the participants were balanced 

bilinguals and approximately half were unbalanced. All RTs were converted to z-scores to account for the 

natural slowing due to aging. Results showed no bilingual advantage or disadvantage in Simon effect for 

young adults, but they did show an advantage for bilinguals in the older group. Further analyses showed 

that monolinguals differed from both balanced and unbalanced bilinguals in the older group only. There 

were no significant differences in performance between the two bilingual groups at any age. This research 
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extends findings from Bialystok et al. (2004) because in this study, bilinguals spoke typologically similar 

languages, had relatively less formal education, and relatively late Age of Onset of L2.  

In addition, Luk et al. (2011) showed that age of onset of active bilingualism (AoO) plays a role 

in determining effects in a flanker task: bilinguals who had an AoO before the age of 10 showed a lower 

flanker effect than bilinguals with an AoO after the age of 10 and monolinguals, who did not differ from 

each other. All three participant groups were in their 20s at the time of testing, so AoO is necessarily 

confounded with length of time spent actively bilingual and with L2 proficiency: late bilinguals scored 

lower on the Peabody Picture Vocabulary Test than early bilinguals or monolinguals. Since the majority 

of bilingual participants were immigrants to Canada, it seems likely that they differed from monolinguals 

on aspects beyond language. (21% of the monolinguals were born outside of Canada in English-speaking 

countries, but that immigration cannot be said to be the same experience as emigrating from China, for 

example.)  

Tao, Marzecová, Taft, Asanowicz, and Wodniecka (2011) also investigated the relative effects of 

early and late bilingualism on attentional control, using the lateral ANT (LANT) so that they could also 

consider lateralization of early and late bilinguals, and found some effects regardless of AoO. All 

participants were young adults; all bilinguals were Chinese/English bilinguals and all monolinguals spoke 

only English. Early bilinguals, on average, reported first being able to communicate in the L2 at age 4. 

For late bilinguals, this age was 12. There were no were no significant group differences on the alerting or 

orienting effect. For the executive network, early and late bilinguals showed significantly less conflict 

effect than the monolinguals and they were significantly faster overall. However, for accuracy in the 

executive network, only late bilinguals showed significantly less conflict effect than monolinguals. The 

authors conclude that the overall RT advantage for the early bilinguals may be due to “monitoring 

processes” or a state of vigilance. Finally, early age of acquisition of an L2 does not seem to be necessary 

for advantages in executive control (low conflict costs) as both early and late bilinguals showed 

significantly reduced costs in that network, although early bilingualism may be necessary for developing 
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the advantage in monitoring processes that leads to an overall RT advantage in these tasks. Again, early 

bilinguals also reported lower proficiency levels and use of their L1 than late bilinguals did. 

Prior (2012) differentiated between attentional control and monitoring abilities of monolingual 

(English, n = 30) and bilingual (Hebrew/English, n = 30) young adults matched on nonverbal IQ. In this 

Lag-2 visual repetition task, there were three types of task: color, shape, and size judgments. There were 

trials in which participants switch back to the first type of task after only one intermediate different task 

(e.g., an ABA pattern) and trials in which participants go through two different intermediate tasks before 

returning to the original one (e.g., an ABCA pattern), in which case the inhibition of A has decayed by the 

time the participant returns to it. In the former type of trial, responses when returning to task “A” are 

slower and less accurate than those when returning to task “A” in the latter type of trial. The rate at which 

participants adjusted to the lower task demands of this block was the measure of monitoring. Bilinguals 

had a greater lag-2 repetition cost than monolinguals, suggesting that they had stronger inhibition of task 

“A” that made it difficult for them to return to it right away. However, all participants gained speed 

equally in the “fadeout block,” suggesting no differences in monitoring levels between language groups. 

In addition to lending support to the inhibitory control model of the bilingual advantage, this study adds 

to the field by demonstrating an effect for bilinguals when it is not, in fact, an advantage: it constitutes 

slower RTs and less accuracy in the return to task “A” of ABA trial types.   

Finger, Billig and Scholl (2011) compared bilingual and monolingual performance on tasks of 

executive control in an area where though the entire sample is literate in the L1, none of the participants 

(or indeed, the villagers at large) often come into contact with print language. Their participants were 

Portuguese-Hunsrückisch bilinguals and Portuguese monolinguals in rural Brazil, and the tasks were an 

inhibitory control version of the Simon task, a working memory version of the Simon task, and the 

traditional Stroop task (a measure of verbal attentional control). Participants were 60 to 71 years of age. 

In the inhibitory control Simon task, bilingual participants were more accurate in incongruent trials but 

not significantly faster. Likewise, the Simon effect was smaller in bilinguals than monolinguals, but not 

significantly so. Language groups also performed similarly on the working memory Simon task. In the 
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Stroop task, bilinguals were slightly slower and less accurate than monolinguals, although not 

significantly so. The researchers comment that participants’ low levels of education may have in fact 

helped them on the Stroop task because the printed word may not have been as great a distraction for 

them. Participants’ low contact with written language may also explain the non-significant results of the 

inhibitory Simon task, as biliteracy has been shown to be the key in bilingual advantages (Sanz, 2000; 

2007). Lack of significant difference in WM scores, although in contrast to those of the WM-heavy 

Simon task in Bialystok et al. (2004), agrees with research such as Stafford (2011) and to the distinction 

between analysis and control. 

Stafford (2011) also sought to pinpoint the bilingual cognitive advantage by comparing 

performance on verbal cognitive tasks (WM listening span) to nonverbal tasks (Simon task). Her sample 

was a group of Spanish-English bilinguals who ranged in age from 18 to 61 and took WM span tasks in 

Spanish and English, as well as the Simon task (with instructions given in whichever language the 

participant preferred). Holding Age at Testing and processing speed constant in her analyses, there was no 

significant correlation between any measure of language experience and scores on the Simon task. For 

Spanish WM span, there was a significant negative correlation with Length of Residence. In addition, 

Length of Residence, Age of Onset, and English (L2) proficiency level all correlated significantly and 

positively in the judgments made of [+sense, -grammatical] sentences in the English WM span task. An 

ANOVA was run on two participant groups: those with very high L2 proficiency and those with very low 

L2 proficiency, and the only significant group effect was for judgments of [+sense, -grammatical] English 

WM span items. These results stand in contrast to those found in the studies described above, perhaps 

because the color-space Simon task has greater task demands than an arrows Simon task or the ANT. In 

addition, that the significant effects found in the WM tasks are differentiated by the language of the task 

suggests that the effects have more to do with language proficiency than with cognitive capacity, and thus 

argues against the use of linguistic stimuli in future research 

 Summarizing, then, although results are varied, they also follow patterns. Studies using the 

relatively simple tasks such as the traditional Simon task often do not show bilingual effects in young 
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adults (Bialystok et al., 2004; Salvatierra & Roselli, 2011) but those using the ANT or LANT do (Costa et 

al., 2010; Tao et al., 2011). Likewise, a simple flanker task may only show advantages for early bilinguals 

(Luk et al., 2011) but the LANT shows a wider variety of effects, including cases in which early and late 

bilinguals are not distinguished (Tao et al., 2011). Not surprisingly, level of education and literacy is 

important for a bilingual effect to emerge (Finger et al., 2011).  

Age and attentional control.When considering the possibility of age effects in attentional control, 

it is necessary to recall that older adults will have slower RTs overall than young adults, and increasing 

task difficulty may increase older adult slowness either additively or multiplicatively (Verhaeghen & 

Cerella, 2002). Therefore, RTs are generally transformed via z-scores, natural logarithms, or ratio scores, 

to verify if age effects exist beyond effects of processing speed. Tasks such as the Stroop task, Simon 

task, and ANT have been used to investigate age effects in attentional control. However, the Stroop task 

seems to be one most varied in its results, perhaps because of the additional verbal component to the task 

(Verhaeghen & Cerella, 2002), so it will not be discussed here. 

 Van der Lubbe and Verlege (2002) took ERP measures while younger (n = 11, age 25.2 ±2.8 

years) and older participants (n =11, age 61.2 ±8.8 years) completed a Simon task that used letters (A and 

B) rather than colored squares as cues. They transformed RTs using natural logarithms and found an 

overall RT effects for congruency condition and an overall RT effect for age. Moreover, the Simon effect 

was larger for older than younger adults. ERP results showed no congruency effects, but did show age 

effects: N1 and P3 peaked earlier for younger participants than they did for older participants, suggesting 

that attentional control differs neurally in the two age groups.  

 Zhou et al. (2011) used the ANT in three groups of participants (N =90): young (age 19-38), 

middle-aged (age 40-59), and old (age 61-80). These researchers used ratio scores (mean RT in the 

condition/participant’s mean RT across conditions) to transform RT data. Results showed significantly 

greater magnitude for alerting and conflict effects in older than younger adults, but not the orienting 

network. Younger and middle-aged adults did not differ significantly in any network. Mahoney et al. 
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(2012) further substantiated a role for age in conflict resolution by showing that adults over the age of 80 

had a greater conflict effect score on the ANT than those in their 70s. 

In contrast, Jennings et al. (2007) compared young adults (n =60, age 18-21) to healthy older 

adults (n = 63, age 61-87) and found no age effects for executive control when RTs were transformed into 

z-scores, whereas alerting effects were smaller in older adults both before and after z-score transformation 

and, as in Zhou et al. (2011), no age effects were found for the orienting network before or after 

transformation. However, Jennings et al. presented the alerting cue for just 100 ms, rather than 500 as in 

Fernández-Duque and Black (2006), which may not have given older adults enough time to benefit from 

it. 

In Fernández-Duque and Black’s (2006) study comparing young adults, healthy older adults, and 

older adults with Alzheimer’s Disease, they manipulated the ANT so that the alerting cue appeared for 

500 ms, instead of 100 ms as in the previously reviewed studies. Not surprisingly, as a result they found 

that healthy older adults had enhanced alerting compared to younger adults under these conditions. In 

addition, they used ratio scores but theirs were based on median, rather than mean, RT. Healthy older 

adults also showed less of a congruency effect than younger adults, possibly due to their slower RTs, 

which could give them more time to resolve the conflict before responding. There were no age differences 

for the orienting effect. Between healthy older adults and Alzheimer’s patients, significant differences 

were found only for executive control.   

 Summarizing, studies using the traditional ANT suggest that there are age effects in the alerting 

network but not in the orienting network (e.g., Zhou et al., 2011; Jennings et al., 2007). While effects on 

executive control are not clear in the ANT, Simon task results show such effects (e.g., van der Lubbe & 

Verlege, 2002). This is a similar pattern to what is found in bilingualism research: bilingual effects have 

been found in executive control and alerting networks, but not orienting (e.g., Costa et al., 2008). These 

parallel trends suggest that the orienting network is less affected by changes in cognition such as those 

caused by aging or bilingualism, and that there is potential for age x bilingualism interactions in the 

current work. 
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Effects of attentional control on language processing and learning. Increased executive 

function should impact other cognitive processes bilinguals undertake, but only a few studies to date have 

begun to investigate this. Linck, Hoshino, and Kroll (2008) analyzed the roles of WM, the Simon effect, 

and L2 processing in groups of monolingual and bilingual participants. In Experiment 1, participants were 

English-Spanish bilinguals, at intermediate proficiency, with varying amounts of time spent abroad in the 

L2, and an English monolingual control group. Bilinguals had significantly higher reading span scores 

and significantly lower Simon effects than monolinguals, even when WM was entered as a covariate in 

the Simon effect comparisons. Interestingly, classroom learners with no experience abroad had 

significantly lower Simon effects than those learners three months into a semester abroad in the L2. Self-

rated proficiency had no relationship with Simon effects, and likewise Simon effects did not predict 

cognate facilitation in high constrained or low constrained L2 sentences (although WM did). In 

Experiment 2, participants were bilinguals of higher proficiency levels, both Spanish-English and 

Japanese-English. Some were tested in Spain/Japan and some in the US, but the language context did not 

have a significant effect on Simon effects. All had started learning their L2, English, around the age of 9 

or 10. There was no relationship between L2 picture naming accuracy and Simon effect, but Simon 

effects were found to significantly predict the magnitude of cognate facilitation in the picture-naming 

task, whereas WM was not a reliable predictor in this case. These two experiments show that even late L2 

learners can show enhanced executive functioning, although the role of self-selection is unclear: it may be 

that those individuals with higher executive functioning choose to study L2’s to a higher level. However, 

that the effect is found even at the intermediate level, a level often required for university graduation, 

suggests that self-selection may not be of issue here. In addition, classroom learners might have enhanced 

IC since they have fewer external cues directing them to select one language over another. If learners 

abroad are fully immersed, they will be using their L2 continually and rarely switching into the L1, thus 

not exercising their control as frequently as expected. Another possible explanation is that IC may play a 

bigger role in language processing tasks at the very beginning of the time abroad, but after three months 

into the immersion, learners have adapted and settled into L2 mode. Testing them in their L1 at that point 
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may then show variation based on IDs in IC. Lastly, the comparison of the two studies, although with 

different populations, suggests that IC may play a greater role in language production than comprehension 

in the L2.      

Bartolotti, Marian, Schroeder and Shook (2011) differentiated between the roles of bilingualism 

and attentional control in learning novel word boundaries, such as would happen in an L3. They found no 

bilingual advantage in attentional control, likely due to the task they used (Simon task, see also Bialystok 

et al., 2004). Novel words were formed according to Morse code and presented to participants aurally in a 

low-interference condition (first exposure to Morse code) and in a high-interference condition (two 

conflicting cues that could be used to determine word boundaries, one of which had been present in the 

low-interference condition). In each condition, there was a testing phase following the exposure phase in 

which participants heard two Morse code words and reported which was more familiar. In the low-

interference condition, bilinguals performed statistically above chance at testing while monolinguals did 

not. Results remained the same when bilingual/monolingual grouping was considered in terms of L2 

proficiency, L2 age of acquisition, and L2 frequency of use, although only L2 proficiency was correlated 

with learning. In the high-interference condition, the strong attentional control group performed 

statistically above chance at testing, while the low attentional control group did not. When considered in 

terms of bilingualism, neither group performed above chance. Hence, this study seems to indicate that the 

bilingual advantage may not be due entirely to attentional control. The authors suggest that bilinguals may 

have an enhanced “implicit learning mechanism” as a consequence of their additional language 

acquisition experience (p. 6). It is not clear that bilinguals were not able to shift attention between cues – 

in fact, they may have shown no preference for one cue over the other precisely because they were 

integrating both into the developing system. In contrast, the high attentional control group inhibited the 

transitional probability cue and relied on pause length to determine word boundaries. As the researchers 

conclude, it is likely that bilingualism and attentional control work in tandem in natural non-primary 

language learning 
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Linck and Weiss (2011) investigated the extent to which WMC and inhibitory control would 

independently predict gains in proficiency in a classroom context. Participants were first-semester 

German students and third-semester Spanish students who completed an L2 proficiency measure 

(grammar and vocabulary multiple-choice and fill-in-the-blank questions, taken twice with approximately 

six weeks between the two testing times), the Attention/Motivation Test Battery (Gardner, 2004), a WM 

operation span task, and the Simon task, as well as reporting their GPA and SAT scores. After controlling 

for GPA and SAT score, WM but not inhibitory control predicted gains in L2 proficiency. WM also 

played a larger role in those with higher L2 proficiency, suggesting that the combination of two TLs and 

two proficiency levels in this study may be problematic. The authors suggest that the low proficiency of 

the participants did not require inhibition of the L1 and that a more intensive setting, such as immersion, 

would yield different results. The lack of a role for inhibitory control in this study may because, unlike the 

current work, it did not investigate a specific target structure that differs from the L1, thus requiring 

inhibition of attention to L1 and L1 cues. However, Torres (2013) also found no role for inhibitory 

control in the morphosyntactic learning of L2 and heritage learners of Spanish in a task-essential study of 

the subjunctive mood, perhaps because both it and Linck and Weiss (2011) did not use language tasks that 

involved time pressure, thus lowering demands on participants. 

In contrast, Brooks, Kempe and Sionov (2006) and Kempe et al. (2010) used Daneman and 

Carpenter’s reading span to measure verbal WM and Cattell’s Culture-Fair Nonverbal Intelligence Test to 

measure executive functioning, to see these two factors’ roles in the learning of Russian case morphology 

(Brooks et al.) and grammatical gender (Kempe et al.). In both studies, WM predicted performance on 

trained items whereas intelligence test scores predicted generalization to new items. These studies support 

the theory that control over the allocation of attention partly determines pattern detection and application 

of patterns to new instances. However, neither study included exemplars that involve juggling multiple 

cues as in the Latin Project: for example, in the case study, word order did not vary and verbs were not 

included. In summary, there is currently conflicting results on the role of executive or attentional control 
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in non-primary language learning that the current work may expand on by including a bilingual older 

adult population, since that is where studies most regularly find a difference in control.  

Language-learning aptitude. Although laypeople generally agree that some people are “better 

language learners” than others, linguists have had a difficult time agreeing on an operationalization of 

language-learning aptitude and on whether such a construct exists outside of other IDs such as WMC and 

attentional control. An early effort was made by Carroll and Sapon (1959) in the creation of the MLAT: 

they administered a variety of tests to students in foreign language classrooms at the beginning and end of 

the semester and used factor analysis and correlations with in-class performance to isolate 5 factors in 

language-learning aptitude: (1) phonetic coding ability, (2) associative memory, (3) inductive language 

learning ability, and (4) grammatical sensitivity. The five subtests of the MLAT were then designed 

around these four factors. Robinson’s (2005) definition of language-learning aptitude can still be seen as a 

reference to constructs such as these factors. He states that aptitude is “strengths individual learners 

have…in the cognitive abilities information processing draws on during L2 learning and performance in 

various contexts and at different stages” (p. 46).   

 However, recent aptitude researchers have been critical of the MLAT, perhaps due to the changes 

both in the scientific field of SLA and in classroom practices of language instruction since the 1950s. 

Aptitude became associated with the idea that individuals’ learning was preordained and not influenced 

by the amount of individual effort or the context of learning. However, just because aptitude correlates 

with outcomes does not mean it determines them; certainly is not the sole determining factor: aptitude 

researchers insist that it is related to speed of learning, not whether or not an individual is capable of 

learning a foreign language (Skehan, 2002). Moreover, in classrooms themselves, teachers and textbook 

authors have been more concerned with general approaches rather than with identifying differences 

between their students. As a result, all learners tend to be treated as if they are all the same, when they are 

not. 

 In reaction, Robinson (2002a, 2002b) has raised the importance of aptitude-treatment interactions 

(ATIs) to optimize learning conditions for learners with varying strengths and weaknesses. Crucially for 
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this approach to SLA and aptitude, when and how aptitude plays a role in learning depends on the nature 

of the tasks and the processes that it draws on. Therefore, aptitude for focus-on-form instruction, for 

example, may be more reliant on language analysis skills than aptitude in an incidental instructional 

condition. To investigate which factors play a role in incidental language learning, Robinson (2002b) 

exposed experienced language learners (Japanese ESL students) to Samoan vocabulary items and three 

types of Samoan sentences: ergative, locative, and integrated. After each sentence in training, participants 

answered a comprehension question and received yes/no feedback on their answer. They then completed 

written and aural GJTs as well as a production task (in which they put words in order to make sentences) 

immediately following training, one week later, and six months later. In addition, all participants 

completed an explicit learning task (picking the letter to correctly continue a sequence), an implicit 

learning task (Reber-style artificial grammar), the Wechsler Adult Intelligence Scale as a measure of IQ, 

the Language Aptitude Battery for Japanese (including phonemic coding, grammatical sensitivity, and 

paired-associates memory) and a WM reading span task. Results showed no correlation between 

incidental learning and awareness, aptitude, or intelligence; only WM correlated with aural GJT and 

sentence production at immediate, 1-week, and 6-month delayed posttests. Likewise, incidental learning 

scores were not correlated with either implicit or explicit learning scores. Explicit learning was correlated 

with IQ and aptitude, but implicit learning was not. This study suggests that incidental learning is largely 

dependent on WM capacity, and aptitude may only be related to explicit learning tasks. It also confirms 

the need for continued research on which conditions are optimal for which learners.    

 As mentioned earlier in this chapter, Robinson (1995b, 1997a) reports that within his dissertation, 

which used five instructional conditions and the MLAT, at least one aptitude subtest score correlated with 

accuracy on the GJT in all conditions except incidental. In addition, high scores on aptitude subtests, 

particularly Words in Sentences (Part IV), were correlated with verbalizations of rules in all conditions 

except the instructed condition. Therefore, it seems that when task demands where matched with 

participants’ aptitudes, higher levels of both awareness and learning of the target form were achieved. 

Similarly, de Graaff’s (1997) study of eXperanto learning included Dutch versions of the Short Form of 
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the MLAT. The composite score of these three subtests generally correlated significantly and positively 

with immediate and delayed posttests of timed GJT, fill in the blank, and correcting written errors in both 

implicit and explicit conditions. Surprisingly, a chi-squared test showed no group differences in 

correlations aptitude score and language scores, suggesting that both conditions were equally influenced 

by their individual aptitudes. However, the distribution of participants with previous knowledge of 

Romance languages between the two conditions is not known, and this could have affected both aptitude 

and linguistic scores, as well as the relationship between the two.   

More recently, Erlam (2005) investigated interactions between language-learning outcomes in 

three classroom conditions (deductive instruction, inductive instruction, and structured input instruction) 

and three subcomponents of aptitude (language analytic ability, phonemic coding ability and working 

memory). Participants were 60 high school students learning French in New Zealand. Language analytic 

ability was measured by Part IV (“Words and Sentences”) of the MLAT, phonemic coding by the Sound 

Discrimination part of the PLAB, and working memory by a written recall test of multisyllabic English 

words. In the deductive instruction group, participants received basic grammar instruction followed by 

form-focused activities. In the inductive instruction group, there was no explanation preceding the 

activities, which were consciousness-raising in nature (R. Ellis, 1995). Finally, the structured input 

instruction group resembled PI: students received a grammatical explanation and then several input-based 

activities that were consciousness-raising in nature. All groups received explicit negative feedback. None 

of the three aptitude scores differed by instructional condition. Groups varied in which IDs were 

correlated with which language tests: the deductive instructed group showed very few significant 

correlations; in the inductive instructed group, 10% of correlations were significant and all were with the 

MLAT-IV; in the structured input instruction group, 13% of the correlations were significant and they 

pertained to the MLAT-IV and gain scores on the written production posttests. Erlam concludes that 

structured input instruction is most open to the influence of IDs, whereas deductive instruction levels the 

playing field between learners of various aptitudes. Sanz, Lin, Lado, and Bowden (under second review) 

also found that IDs (in this case, in WM) were more closely associated with learning outcomes in less 
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explicit than in explicit conditions of the Latin Project (in their case, the explicit information was 

presented as part of feedback rather than before commencing practice).  

On the other hand, VanPatten et al. (2013), reviewed in more detail in the section on Explicit 

Instruction, by and large found no significant correlations between gains on a PI treatment and MLAT-IV 

(Grammatical Sensitivity), regardless of condition (±EI) in learners of Spanish, German, Russian, and 

French. The one significant correlation that they found was between the +EI group and the trials-to-

criterion measure of learning in German. The authors rejected this finding as “anomalous” (p. 523) since 

learners who have been provided explicit grammatical information should not have to depend on 

grammatical sensitivity to learn, and in the experiments in which there was an effect for Treatment, 

Grammatical Sensitivity did not play a role. The authors attribute the overall lack of correlations between 

this measure of aptitude and learning in either condition is that in both conditions, PI aims to alter a 

learner’s processing rather than to teach them L2 rules, and it is rule learning that has been correlated 

with aptitude in the past. However, since they do not report data on how participants made their choices 

during practice (e.g., from online verbalizations), and especially since PI EI still essentially explains the 

rule (albeit in terms different from most textbooks), this explanation may not be the most valid. 

Therefore, the question of whether aptitude as measured by MLAT subtests is related to learning in 

different types of conditions remains open.  

Finally, Granena (2012) considered the roles of implicit and explicit aptitude on L2 tasks thought 

to tap more and less explicit processing in Spanish native speakers (control group) and Mandarin/Spanish 

bilinguals (experimental groups). She measured explicit aptitude with three subtests of the LLAMA 

aptitude test (Meara, 2005) – Vocabulary Learning, Sound-Symbol Correspondence, and Grammatical 

Interference, similar to the MLAT Short Form – combined into a composite score. For the L2 tasks that 

were untimed, thus thought to promote the use of explicit processing, results showed an effect of explicit 

aptitude that was equivalent for early and late-onset bilinguals: high aptitude participants outperformed 

low aptitude. For the timed L2 tasks, thought to promote implicit processing, explicit aptitude generally 

did not play a role, although it was significantly correlated to early-onset bilinguals’ performance on the 
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timed auditory GJT for non-agreement, but not agreement, structures. So, Granena’s findings point 

toward explicit aptitude being more relevant in explicit tasks, but recall that she did not investigate 

learning in explicit v. implicit instructional conditions. Regardless of treatment, all of the Latin Project 

assessments could be considered explicit since they do not impose time limits.      

Aptitude and previous experience. One of the ongoing debates regarding aptitude is whether it is 

a stable construct across an individual’s lifespan (as Carroll theorized, 1981) or open to change. One of 

the likely sources of change would be extensive experience with language learning – that is, bilingualism. 

McLaughlin (1990) argued that novices become experts through experience, and even that learners can be 

taught to have greater aptitude. While his and others’ work show that bilingualism does seem to improve 

the language learning process, it is not yet clear if, and how, the change might be seen in tests of aptitude. 

Eisenstein (1980) considered early bilinguals who did not necessarily continue to use their non-

English language as adults, as well as polylinguals, those who had limited exposure to three or more 

languages. While the “limited exposure” may mean that these participants are not as bilingual as they 

could be, the author argued that this is an advantage, as it means that the additional language exposure has 

occurred in their lives due to circumstances (e.g., extended family, religious ceremonies, their 

neighborhood) rather than any language aptitude they started out with. Participants were all college 

students who were matched on socioeconomic status (SES) and age. Differences in IQ were assumed to 

be irrelevant. Fifty-seven participants had had no second language exposure before age 10 and thus 

constituted the monolingual group; 36 had had exposure to at least one second language before age 10 

and were deemed bilinguals. Within the bilingual group, 19 had had formal instruction in at least one 

language other than English and 10 were polylinguals (with 9 of the polylinguals having had formal 

instruction). Bilinguals scored significantly higher than monolinguals on the MLAT Short Form (Parts 3-

5) and self-rated language aptitude, but neither high school nor college grades in a foreign language were 

significantly different between groups. In addition, polylinguals’ college grades were significantly higher 

than those of “simple” bilinguals. The lack of bilingual effects in language learning outcomes here may 

be due to the intrinsic variability in grades due to instructor, institution, etc.    
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As mentioned earlier in this chapter, Thomas (1988) compared English monolingual college 

students learning French (n = 16) to Spanish/English bilingual college students (n = 10) learning French 

and found that bilinguals scored significantly higher than monolinguals on French grammar, but not 

vocabulary, tests. However, she found no differences between monolinguals and bilinguals on the MLAT 

overall; she did not report subtest scores. The small size of the sample must be noted, as well as the fact 

that again, most of the bilinguals were heritage speakers of Spanish who did not use it actively as adults; 

only two of the bilinguals had received formal schooling in Spanish. Therefore, while they did have 

earlier experience with two languages, they were not currently dominating two at the time of the study. 

Lado (2008), as part of the Latin Project, found that aptitude as measured by the MLAT total 

score explained a large amount of the Level of Bilingualism effects she found on Latin outcome 

measures. Near-native bilinguals scored statistically higher than Basic-level L2 learners on the MLAT, as 

well as higher than Intermediate and Advanced-level L2 learners, who did not differ from each other. 

Since the study was not longitudinal and dealt with participants who have chosen to pursue and continue 

their study of Spanish, it is not possible to pinpoint the cause of the difference: the improved aptitude 

scores could be a result of extensive language experience, or it could be that the higher-level L2 

proficiency students self-selected into these levels because they have higher aptitude. However, since the 

intermediate level is still within the college-mandated foreign language requirement, the latter explanation 

seems unlikely.  

Natelson (1976) investigated relationships between individual parts of the MLAT and foreign 

language learning outcomes for students at government training centers, taking into account levels of 

previous language learning experience either of the TL or other non-English languages. Similarly to Lado 

(2008) she found that overall, students with prior language learning experience outperformed those 

without any such experience on all 5 sections of the MLAT. As for predicting outcomes, it was most 

difficult to make predictions for students with middling amounts of previous experience. For those with 

little or no experience, the best predictors were entering score in the language to be studied, hours in 

training, and MLAT Part II. For those with extensive previous experience, the best predictors were 
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MLAT Part I, entering score in that language, and hours in training, in that order. Thus, previous language 

experience seems to change which parts of the MLAT have the most predictive value, perhaps because 

Part II is purely L2 phoneme-L2 grapheme mapping, whereas Part I is meaning-based: the test-takers are 

learning new names for numbers.  

Aptitude and age.Most studies of language-learning aptitude use “traditional” learners (high 

school or college students), so it is unknown at this point if language-learning aptitude changes with 

cognitive aging. To the extent that aptitude and age have been considered, studies have largely focused on 

the Critical Period Hypothesis and whether learning an L2 as a young child (as opposed to an adolescent 

or young adult) changes the relationship between aptitude and L2 performance. In fact, Carroll (1973) 

supposed that those adults with high language aptitude had “for some reason lost little of the language 

acquisition ability with which they were naturally endowed” (p. 6), as all children in normal 

circumstances acquire their L1 effortlessly and completely.  

 An early study to investigate this issue was Harley and Hart (1997), which compared the 

relationships between two subcomponents of aptitude (memory and language analysis) with a variety of 

L2 outcome measures in two samples: those students who started a dual-immersion program in English 

(L1) and French (L2) in grade 1 and those who started a similar program in grade 7. All participants were 

tested in grade 11, so the early-immersion students necessarily had had more exposure to French than the 

late-immersion did. Memory scores on the MLAT-V and Wechsler Memory Scale did not differ by 

group, but the late-immersion group scored significantly higher than the early-immersion group on the 

Language Analysis subcomponent of the Pimsleur Language Aptitude Battery (PLAB). On the L2 

measures, Early-immersion scored better on vocabulary recognition and sentence repetition, while late-

immersion scored better on written production. Importantly, for the early-immersion group, almost all 

significant correlations were between memory scores and L2 outcomes, while for late immersion, almost 

all significant correlations were between language analysis and L2 outcomes. This suggests that aptitude 

depends in part on AoO of language learning and may be influenced by amount of experience with the 

language. To confirm that their results were related to age of initiating immersion and not other factors, 
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Harley and Hart (2002) replicated this study with a group of English speakers studying French in an 

instructed setting who participated in a 3-month immersion as 10
th
 or 11

th
 graders. Results again showed 

correlations between language analysis, but not memory, and L2 outcomes post-immersion.

 DeKeyser (2000) modified Johnson and Newport’s (1989) GJT of advanced English 

morphosyntax and administered it to 57 Hungarian NSs living in the greater Pittsburgh area who had 

immigrated to the US at a variety of ages. Age at Testing ranged from 16 to 81 (M = 55). Participants also 

completed the Hungarian version of the MLAT-IV: Words in Sentences as a measure of grammatical 

sensitivity. The average score on the MLAT-IV was a mere 4.7 out of 20 possible points. Those 

participants who had a score of 6 or more points, approximately one-third of the total group, constituted 

the high-aptitude group. For that group, the correlation between AoA and GJT was not significant, 

whereas for the low-aptitude group, the correlation was significant and negative. Aptitude scores did not 

correlated with AoA; for those who arrived before the age of 16, aptitude did not correlate with GJT 

score, but for those who arrived after the age of 16, the correlation was significant and positive. These 

results also suggests that the role of aptitude depends on the age of initial immersion (child or adult) and 

that high analytical ability was necessary for those who arrived in the US later to match early arrivals’ 

GJT scores. However, since the study did not administer other measures of aptitude, it is impossible to 

say that those components would not be involved at various stages as well. However, that aptitude scores 

were so low, and thus so close together, makes the grouping of individuals according to aptitude 

questionable. It may be that aptitude tests in situations where participants might not be actively and 

extensively using the target language are less valid measures. 

 Abrahamsson and Hyltenstam (2009) continued this line of research by focusing on speakers at 

near-native L2 proficiency. Their participants were forty-two L1 Spanish, L2 Swedish speakers who were 

judged as nativelike by at least 6 out of 10 NS Swedish judges. These participants had lived in Sweden 

12-42 years (M = 25) and were between 25 and 50 years of age at testing (M = 33); 31 had arrived in 

Sweden before the age of 12, while 11 had arrived between the ages of 13 and 23. Participants completed 

extensive L2 testing as well as a Swedish version of the Swansea Language Aptitude Test (LAT). The 
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LAT is loosely based on the MLAT; its five subparts are (1) phonetic memory, (2) lexical-morphological 

analytical skills, (3) grammatical inferencing skills (4) aural memory for unfamiliar sound sequences and 

(5) the ability to form sound-symbol associations. The total score was used in analyses. Control NSs and 

early-arrival L2 speakers did not differ on aptitude, but late arrivals’ aptitude scores were significantly 

higher than early arrivals’. The late learners’ GJT scores did not correlate with their aptitude scores, but 

of course they were only 11 in number and had less variation in aptitude. Contrary to DeKeyser’s (2000) 

results, late learners’ GJT scores did correlate with their aptitude scores, likely because the current GJT 

involved much more complex structures and thus was a more demanding task. Therefore, it seems likely 

that aptitude can play a role for child learners in terms of complex morphosyntax. The researchers also 

note that their two highest achievers on the GJT were surprisingly the two participants with the latest 

AoAs, but that both had devoted their youth and professional lives to language-related studies, thus 

reintroducing the question of directionality in aptitude studies.   

 In summary, it seems that age and aptitude may be related in some ways, but it remains to be seen 

how the question of older age and subsequent changes in cognition fits in. In addition, differences in 

scores between younger and older adults may reflect differences in aptitude or other differences between 

the populations. For instance, due to changes in curricula, older adults are much more likely to have had 

grammar lessons in their L1 than today’s young adults, and this may have a facilitative effect for older 

adults on MLAT-4, a measure of grammatical sensitivity. Of the other parts of the short form of the 

MLAT, Part 5 is essentially a declarative memory task, so it may show age deficits in older adults if the 2 

minutes’ allotted practice is not sufficient (Fisk & Rogers, 1991). MLAT-3, a measure of grapheme-

phoneme coding ability that also requires L1 vocabulary recognition, may be least susceptible to age 

effects, since semantic memory and phonological familiarity do not seem to decrease with age (Craik, 

2000; Service & Craik, 1993).   

 Implicit motor-sequence learning.Romano’s (2009) doctoral thesis investigated the 

relationships between bilingualism and aging on executive control (Simon task) and motor-sequence 

implicit learning (Alternating Serial Response Time Task, ASRTT). Her participant groups were young 
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adult monolinguals (n = 22), young adult bilinguals (n = 20), older adult bilinguals (n = 19), and older 

adult monolinguals (n = 21). Her criteria for bilinguals were that they spoke both Spanish and English 

regularly, could switch between the languages at will, and had spoken both since childhood. However, 

she does not report the order of acquisition of the two languages or immigrant status, both of which could 

also play a role in results. On the Simon task, older adults were more accurate, but slower, than younger 

adults. Language group had no significant effect for RT or accuracy. Overall, incongruent trials had 

slower and less accurate responses, showing the Simon effect in general. In the younger adult group only, 

the Simon effect was significantly reduced in bilinguals compared to monolinguals. The ASRT also 

showed slower RTs for older adults compared to younger, but greater skill learning for older adults over 

time. There was no effect for language group in either age group’s ASRT performance. In addition, there 

was no significant correlation between Simon effect and ASRT trial-type learning effects for either age 

group or language group, suggesting that executive control and procedural learning are not related. 

However, this study’s results must be viewed in light of the criteria used for recruiting bilinguals and the 

lack of effects in the Simon task, which goes against much of the literature (see above section).  

Kaufman, DeYoung, Gray, Jiménez, Brown, and Mackintosh (2010) investigated the effects of 

learners’ individual differences in working memory, processing speed, explicit associative learning, on 

performance on the ASRT. They used an innovative coding scheme in which each participant was 

awarded one point per block that showed a trial-type effect (e.g., learning). In this scheme, the more 

points a participant had, the higher their procedural learning was, without relying on exact differences in 

RT. Of most interest to the current work, participants’ GCSE scores in foreign languages (French and 

German) correlated positively with ASRT scores independently of general psychometric intelligence, 

GCSE math score, and GCSE English score (which was participants’ L1). These results suggest that 

higher achievement in a foreign language is related to procedural learning ability as measured on a motor 

sequence task.  

Three studies to date have investigated the relationship between implicit or procedural learning 

on the process of non-primary language learning. Carpenter’s (2008) dissertation investigated whether 
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measures of declarative and procedural memory predicted performance in the artificial language 

Brocanto2 at low and high proficiency for both implicit and explicit conditions. For the explicit condition, 

both declarative memory measures were significant predictors at both low and high proficiency. For the 

implicit condition at low proficiency, declarative memory marginally predicted GJT scores while 

procedural memory was not a significant predictor. For the implicit condition at high proficiency, some 

declarative measures were significant predictors, while procedural memory predicted performance on 

rule-based structures only. The latter result was carried by participants who scored above the median on 

the procedural memory measure, suggesting that IDs play a role in dependence on procedural memory in 

implicit conditions. Morgan-Short et al. (forthcoming) partially replicated this study, changing one 

measure of procedural memory (Tower of London instead of low-frequency artificial grammar learning) 

and extending the amount of practice before the second testing time. They obtained positive correlations 

between performance at testing time 2 (but not time 1) in Brocanto2 and procedural memory in an 

implicit condition. They also obtained positive correlations with declarative memory, but not procedural, 

at Time 1 only. However, this study did not include an explicit condition for comparison purposes.  

Brill (2001) investigated similar questions, also using Brocanto2, but using multiple measures of 

procedural memory (Weather Prediction Task [WPT] and the ASRTT) while controlling for declarative 

memory (MLAT, Part 5), and a smaller number of practice modules (20) before each GJT. She found 

evidence for linguistic learning (improved performance on GJT2 compared to GJT1) and learning in each 

of the procedural tasks. In the implicit group only, faster responses on the ASRT correlated with higher 

accuracy on the GJT2. The WPT did not show this same pattern. The explicit group’s GJT scores did not 

correlate significantly with any procedural memory task. Brill calculated z-scores for the ASRT and WPT 

and averaged the two to create a composite procedural learning score for each participant. She then split 

the participants into high and low procedural memory groups via a median split of the composite scores. 

ANOVA and post-hoc analyses showed that the high procedural group had higher GJT2 scores in the 

implicit condition; there were no differences between high and low procedural groups in the explicit 

condition. Likewise, composite procedural scores predicted performance on the GJT2 for the implicit 
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group but not the explicit group. Brill concluded that combining individuals with high procedural memory 

and implicit learning conditions creates optimal conditions for non-primary language learning. 

Lastly, Granena (2012), mentioned above in the section on aptitude, considered the roles of 

explicit and implicit aptitude in performance on L2 measures thought to favor explicit and implicit 

processing. Implicit aptitude was a composite of performances on two tasks: LLAMA D (Sound 

Recognition) and the ASRT. For the more explicit L2 tasks, she found that composite implicit aptitude 

played a role only in the early-onset bilinguals’ performance. For the more automatic (implicit) tasks, 

implicit aptitude played a role in performance on GJT agreement structures for both early and late-onset 

bilinguals. The difference between structures is explained by the fact that agreement structures (e.g., 

number, gender) are learned at a very early age in native speakers, likely by implicit processes, but non-

agreement structures, such as the subjunctive, are not acquired by native speakers until later childhood, 

likely by more explicit processes. It is interesting to note that for early-onset bilinguals, she found 

relationships between implicit aptitude and L2 performance on both explicit and implicit tasks.  

Although Carpenter (2008), Morgan-Short et al. (under review) and Brill (2001) all show 

evidence for procedural memory playing a role in implicit L2 learning tasks, they are all potentially 

limited by their use of an artificial, rather than natural, language and the fact that Brocanto2 is presented 

entirely aurally, whereas most adult language learning includes both aural and written stimuli. Therefore, 

if correlations between implicit motor-sequence learning and language development in either learning 

conditions are found in the current study, such correlations will shed further light on the relationship 

between implicit non-linguistic learning and learning a non-primary language in two conditions.  In 

addition, the current study extends their research to L3 acquisition and older adult populations and lastly,  

can see whether late bilinguals show a relationship between implicit aptitude (ASRT) and L3 performance 

on the four (explicit) assessments of the Latin Project, thus extending Granena’s (2012) finding for 

implicit aptitude on L2 ultimate attainment. 

The Present Study 
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 The present study builds on previous research on instructional conditions, bilingualism, and aging 

to investigate interactions among the three variables on ab initio non-primary language learning. The 

target structure is the thematic role assignment in Latin, which is L2 for monolinguals and L3 for 

bilinguals. Latin assessment will be conducted through four tests: written interpretation, aural 

interpretation, grammaticality judgment, and controlled written production. These four tests allow for a 

broad view into language development, variation in learning style (whether the participant is a visual or 

aural learner), and comparability with previous Latin Project studies (e.g., Stafford, 2005; Lado, 2008; 

Lenet et al., 2011). In addition, the mediating variables of attentional control, language-learning aptitude, 

and non-linguistic implicit learning will be considered as potential aids to explaining any effects or 

interactions, or lack thereof, between the independent variables. Specifically, the proposed study aims to: 

(1) replicate the bilingual advantage found in Lado (2008) by comparing young adult bilingual and 

monolingual learners; (2) replicate the overall lack of age effects reported by Lenet et al. (2011) and 

ascertain the existence of an interaction between age and treatment (visually shown in Lenet et al., 2011, 

but not reported to be significant); and (3) look for interactions between bilingualism and aging in 

learning a new language. In addition, instead of investigating the role of metalinguistic information in 

feedback as in Lado (2008) and Lenet et al. (2011), this study operationalizes instructional conditions as 

metalinguistic information given prior to task-essential practice. This operationalization of conditions is 

common in psychology research investigating aging and condition interactions but has not yet been fully 

extended to SLA investigations of those interactions or of bilingualism and condition interactions. In 

addition, it is common in language teaching practice to require students to read explanations as homework 

before coming into class to practice, or to start class by lecturing on grammatical structure, making 

findings relevant for pedagogy. 

Research questions. Building on the foundations of previous research on bilingualism and aging, 

but addressing gaps in that research, the current work proposes the following research questions and 

hypotheses: 
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Main effects.  

1. Is there an advantage for younger adults learning a non-primary language when compared to 

older adults? 

Hypothesis 1. Older and younger adults will not differ significantly on accuracy at immediate posttest, as 

in Lenet et al. (2011). However, since retention has been linked to implicit memory (Lado, Sanz, Bowden, 

& Stafford, accepted), older adults may show greater retention than younger, due to their reliance on 

implicit memory over explicit (Howard, 2001). Older learners will have slower RTs than younger 

learners, but this is not a meaningful difference in this case (Park, 2000). 

2. Is there an advantage for bilinguals learning a non-primary language when compared to 

monolinguals? 

Hypothesis 2. Bilinguals will outperform monolinguals on posttests in general, as Lado (2008) found that 

participants with the highest level of previous language experience generally scored higher than the other 

groups and the contrast was most frequently significant when compared to the group with the lowest level 

of previous language experience. This hypothesis is also supported by studies of L3 acquisition in 

bilingual biliterate communities in Canada and Spain (Swain et al., 1990; Cenoz & Valencia, 1994; Sanz, 

2000). There will be no effect for RT (Lado, 2008). 

3. Will a more explicit learning condition result in enhanced language development? 

Hypothesis 3. This study uses task-essential practice, in that practice requires processing the targeted 

structure for successful completion. Studies such as Wong (2004), Sanz and Morgan-Short (2004), and 

Morgan-Short et al. (2010) have identified task-essential practice as the crucial element for non-primary 

language development. Therefore, the more explicit group will not have an overall advantage for accuracy 

in this study, but may have an immediate advantage on some posttests that will not be maintained at 

delayed posttests (Stafford et al., 2011). In addition, the less explicit group will show greater retention at 

delayed posttests than the explicit group (Lado et al., accepted). It is unclear what to expect for RT: 
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Fernández’ (2008) explicit group was faster on interpretation tasks while Lado et al.’s (accepted) -EF 

group was faster on the GJT, although possibly at the cost of accuracy. 

Interactions. 

4. What are the effects of age within each learning condition? Will younger adults outperform older 

adults in both conditions?  

Hypothesis 4. Accuracy scores within the older adult group will be higher in the less explicit group than 

in the explicit group at immediate and delayed posttests because less explicit conditions make fewer 

demands on older adults’ reduced control (Lenet et al., 2011) and are associated with implicit learning, 

which is often maintained with age (Howard, 2001). The difference will be greatest at delayed posttests 

since less explicit conditions are associated with greater retention (Lado et al., accepted). In contrast, 

within young adults, the explicit group will have higher accuracy scores than the less explicit group at 

immediate posttests but not at delayed posttests (Lenet et al., 2011). Moreover, when comparing the two 

ages in the explicit group, young adults will have an advantage in accuracy over older adults at both 

posttests (Lenet et al., 2011; Stafford et al., 2010). There will be no age differences within the less explicit 

group at immediate posttests. Neither SLA nor cognitive psychology research currently suggests clear age 

effects in retention of implicit learning, so both age groups in the less explicit condition will show high 

levels of retention. There will be no interaction with RT since older adults have slower processing speed 

overall (Park, 2000) and Midford and Kirsner (2005) found that condition, not age, determined change in 

RT.  

5. What is the interaction between bilingualism and learning conditions when adults learn a non-

primary language? Is there a positive effect for bilingualism in the less explicit condition that is 

not present in the more explicit condition? 

Hypothesis 5. Based on SLA theory that attaches importance to attention in non-primary language 

learning (e.g., Schmidt, 2001; Leow, 2002), and that less explicit conditions are more demanding for 
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attentional control (Sanz & Lado, 2008), and bilinguals have enhanced control (Bialystok, 1999), the 

bilingual advantage in accuracy will be more evident in less explicit conditions than in explicit conditions. 

As in Lado (2008), there will be no RT interaction. 

6. What is the interaction between aging and bilingualism when adults learn a non-primary 

language? Is there a positive effect for older adult bilinguals when compared to younger adult 

bilinguals? 

Hypothesis 6. Since there is some research showing an attentional control advantage in older but not 

younger adult bilinguals (e.g., Bialystok et al., 2006), the bilingual advantage in non-primary language 

learning will be stronger in the older group than in the younger. There may be a small effect in younger 

adult bilinguals since some research shows advantages in young adults, both in attentional control and in 

language learning (Costa et al., 2008; Lado, 2008; Lin, 2009). There will not be an RT interaction since 

older adults’ RTs will be slower overall (Park, 2000) and bilingualism is not hypothesized to change RT 

(Lado, 2008). 

7. What is the interaction between age, bilingualism, and learning conditions when adults learn a 

non-primary language? Does the effect of bilingualism in older adults vary by condition? Does 

the effect of bilingualism in younger adults vary by condition?  

In both age groups, bilinguals will outperform monolinguals in the less explicit condition only. Within the 

less explicit condition, older bilinguals may outperform all other groups since both age and bilingualism 

are associated with advantages in such conditions (Lenet et al., 2011; Lado, 2008; Lin, 2009) and the 

bilingual advantage is more apparent with increased age (Bialystok et al., 2006). Bilingualism is not 

expected to aid older or younger adults in the explicit condition since such conditions make fewer 

demands on attentional control (Sanz & Lado, 2008). For young adults, explicit information levels the 

playing field (Stafford et al., 2011) while for older adults, it is not advantageous (Lenet et al., 2011), 

therefore within the explicit group young monolinguals and bilinguals will not score significantly 

differently from each other but will outperform older monolinguals and bilinguals. Lastly, older adults 
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will all have slower RTs than younger (Park, 2000) although the degree of differences may vary with 

instructional condition (Fernández, 2008; Lado, 2008). 

Mediating and moderating factors. 

8. How do (a) attentional control, (b) language-learning aptitude, and (c) non-linguistic implicit 

learning relate to answers to RQ 1-7?  

Hypothesis 8a. Bilinguals will show greater attentional control than monolinguals, especially for the 

alerting and executive control networks (Costa et al., 2008), although this difference may be clearer in 

older adults than younger adults (Bialystok et al., 2006). Moreover, attentional control will mediate 

bilingual advantages on posttests in the less explicit condition, since that condition seems to call on 

greater control of attention (Sanz & Lado, 2008). At the same time, older adults will generally show 

poorer attentional control than young adults (Zhou et al., 2011; Jennings et al., 2007), which may mediate 

age-related differences in RT. Finally, attentional control is hypothesized to play a greater role in less 

explicit conditions (e.g., Sanz & Lado, 2008), so it will moderate gains in the –G, but not +G condition.  

Hypothesis 8b. Due to their previous experience with non-primary language learning bilinguals will have 

higher aptitude scores than = monolinguals, as was the case in Lado (2008), so aptitude is hypothesized to 

mediate bilingual advantages in additional language learning. Although empirical research has not 

investigated aging with the MLAT, it may have a different interaction with each subtest. For example, 

older adults are not hypothesized to have disadvantages in Parts 3 or 4, since semantic memory in the L1 

is not lost with age (Craik, 2000; Service & Craik, 1993) and many older adults had explicit grammar 

instruction in English as part of their schooling. However, older adults may be disadvantaged in Part 5, 

since it has a time limit and is a measure of explicit memory (Fisk & Rogers, 1991). Therefore, older 

adults’ scores on MLAT3 and MLAT4 may mediate their language-learning outcomes. Finally, aptitude 

will moderate language learning in both conditions, as in Robinson (1997). 

Hypothesis 8c. Non-linguistic trial type effects on the ASRT are expected to be higher for young adults as 

compared to older adults (e.g., Howard et al., 2004). Nevertheless, since older adults are hypothesized to 
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rely on implicit learning mechanisms than young adults, ASRT scores will mediate older adults’ language 

learning. It is not clear what the role of bilingualism will be: Romano (2009) found no bilingual 

differences in ASRT performance, but Bartolotti et al. (2011) propose that bilinguals have developed 

greater implicit learning ability. Finally, ASRT scores will moderate scores on posttests in the less 

explicit condition for both age groups, because evidence suggests that implicit knowledge may result 

from learning in less explicit conditions, as in Lado et al. (accepted): learners in the less explicit condition 

showed faster RTs and greater retention at posttests than those in the explicit condition, both of which are 

characteristics of implicit knowledge (DeKeyser, 2003).  
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Chapter 3: Methodology 

Participants 

This study drew on four pools of participants: bilingual college students (aged 18-27), 

monolingual college students, bilingual older adults (aged sixty and above) and monolingual older adults. 

Bilingual and monolingual college students were recruited at Georgetown University and through alumni 

networks: monolinguals from beginning Spanish classes (early in the semester, so they will have 

extremely limited experience with a foreign language) and bilinguals from announcements on campus 

bulletin boards and listservs, as well as first-semester Portuguese for Spanish Speakers classes. 

Monolingual and bilingual older adults were recruited in the Washington, DC metropolitan area from 

institutes of lifelong learning, international multilingual organizations’ retiree organizations, and Spanish-

language book clubs. For the purposes of this study, bilinguals are defined as L1 English/L2 Spanish 

speakers who are biliterate (Sanz, 2007) and use both languages on a daily basis, thus daily exercising 

their attentional control. For the purposes of uniformity, all bilinguals were classroom learners of Spanish 

(age of onset older than 10). Older bilinguals had not studied a third or fourth language for more than two 

college semesters or four high school semesters in the two years before the study. Younger bilinguals had 

not studied a foreign language for more than one college semester or two high school semesters in the two 

years before the study. The same restrictions on study of additional languages apply for monolinguals, 

who were all native English speakers. No younger participants had experience with Latin or any case-

marking language (e.g., Turkish or German). In order to recruit a sufficient number of older adults, it was 

necessary to include some who had experience with case-marking languages. Any such exposure was 

limited to decades ago; pretest scores still fit the requirement below. Participants were assigned to an 

instructional condition or treatment (±G) according to the order they began the study. All participants 

were compensated, either with extra credit in a beginning-level language class, with a gift card to an on-

campus coffeeshop, or with a gift card to Amazon.com. 

One hundred and thirty-one native speakers of English participated in the study. However, only 

data from participants who scored 67% or less on the written interpretation pretest, the most 



88 

 

straightforward of the assessments, were included in analyses. This seemingly high cut-off is necessary 

based on previous studies and because one-third of the items on tests are presented in subject-verb-object 

(SVO) word order, the hypothesized universal default for language learners (VanPatten, 2004). 

Participants are likely to answer those items correctly without having or needing knowledge of verb or 

case morphology. This removed data from eleven participants in the study; additional participants were 

excluded from analyses for not fitting into the above operationalizations of monolingual or bilingual (n = 

13), for technical errors yielding a loss of most of their data (n = 3), or because they dropped out of the 

study due to scheduling conflicts (n = 10). The remaining 94 participants’ biographical information is 

summarized in Table 1 and Table 2 below.   

All participants self-rated their overall health as 4 or 5, on a 5-point Likert scale. One-way 

ANOVAs on the descriptors presented in Table X were run to see if there were differences by age, 

language group, and/or treatment; only those comparisons that were significant are reported here. Years 

of education differed significantly by age: F(1, 86) = 116.88, p < .001, ƞp
2 
= .58, observed power = 1.00, 

by language group: F(1, 86) = 16.90, p < .001, ƞp
2 
= .16, observed power = .98, and the interaction 

between age and language group approached significance: F(1, 86) = 3.51, p = .06, ƞp
2 
= .04, observed 

power = .46. Older adults reported more years of education than younger adults, and bilinguals reported 

more years of education than monolinguals, with the difference greater in younger than older adults. 

Similarly, NAART scores were found to differ significantly by Age: F(1, 84) = 51.65, p < .001, ƞp
2 
= .38, 

observed power = 1.00; by Language Group: F(1, 84) = 20.77, p < .001, ƞp
2 
= .20, observed power = .995; 

and by Treatment: F(1, 84) = 5.70, p = .02, ƞp
2 
= .06, observed power = .66. The interaction between Age 

and Language Group was also significant: F(1, 84) = 10.73, p = .002, ƞp
2 
= .11, observed power = .90. 

Older adults had lower (better) scores than young adults and bilinguals had lower (better) scores than 

monolinguals, with the language-group difference carried by the young adults. In addition, participants in 

the +G condition had lower (better) scores than those in the –G condition, and that difference did not 

significantly interact with Age or Language Group.  
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Processing speed (digit-symbol coding score) also differed by Age, as expected: F(1, 84) = 58.67, 

p < .001, ƞp
2 
= .41, observed power = 1.00,, by Language Group: F(1, 84) = 4.69, p = .03, ƞp

2 
= .05, 

observed power = .57, and the Age x Language Group interaction approached significance: F(1, 84) = 

3.28, p = .07, ƞp
2 
= .04, observed power = .43, with the young adults scoring higher than older, bilinguals 

scoring higher than monolinguals, and the young adults carrying the language-group difference. In 

addition, the Age x Treatment interaction also approached significance: F(1, 84) = 3.72, p = .06, ƞp
2 
= .04, 

observed power = .20, such that in young adults, participants in the –G condition had higher scores than 

those in the +G condition, whereas the opposite was true in older adults. 

As a result of the significant group differences described above, background variables were run in 

Pearson’s correlations to determine if any needed to be entered into inferential analyses as covariates. 

Those correlations are presented at the beginning of Chapter 4. 



 

 

Table 1. Participant Characteristics by Age, Language Group, and Treatment. 

 

  

    Age Sex Hand 
dominance 

Years of ed. Years 
of 
Latin 
study 

Years of 
Latin mass 
attendance 

NAART Digit-Symbol 
Coding 

Age 
Group 

Lg. 
Group 

Treatment n Min Max Mean  
(S.D.) 

# 
female  

# Left-
handed 

Min Max Mean 
(S.D.) 

Mean 
(S.D.) 

Mean 
(S.D.) 

n Mean 
(S.D.) 

n Mean 
(S.D.) 

Young Monol. +G 12 18 21 19.25 
(1.14) 

3 0 12 15 13.42 
(1.00) 

0 0 12 18.17 
(5.11) 

11 75.45 
(15.09) 

  -G 16 18 21 18.69  
(.87) 

6 3 12 16 13.19 
(1.05) 

0 0 16 19.88 
(6.37) 

16 85.56 
(16.43) 

 Bil. +G 10 19 27 21.60 
(2.80) 

8 3 13 17 15.10 
(1.20) 

0 0 10 9.60 
(3.47) 

10 88.40 
(16.69) 

  -G 11 20 27 22.45 
(2.02) 

7 1 14 18 15.64 
(1.21) 

0 0 11 13.00 
(3.69) 

11 97.36 
(9.46) 

Older Monol. +G 11 63 74 67.91 
(2.98) 

6 0 16 22 18.36 
(1.91) 

.73 
(.91) 

4.00  
(7.64) 

11 7.00 
(3.22) 

11 67.27 
(15.62) 

  -G 12 61 80 70.00 
(5.22) 

8 2 13 21 17.00 
(2.34) 

.79 
(1.31) 

3.33  
(6.50) 

12 10.42 
(4.23) 

12 57.33 
(14.87) 

 Bil. +G 11 60 82 70.00 
(5.71) 

8 0 16 22 18.45 
(1.86) 

.36 
(.81) 

4.36  
(9.07) 

11 7.00 
(3.92) 

11 60.91 
(11.47) 

  -G 11 61 80 67.55 
(5.37) 

5 3 16 22 18.45 
(2.25) 

.91 
(1.3) 

3.41  
(7.63) 

9 7.89 
(5.44) 

10 65.90 
(16.45) 

9
0
 



 

 

Table 2. Bilinguals’ language characteristics. 

   Age of initial 
Spanish formal 
instruction 

Months spent in a 
Spanish- speaking 
country 

Spanish 
speaking 

Spanish 
writing 

Spanish 
reading 

Spanish 
listening 

L2 % 
use 
home 

L2 % 
use 
work 

Age Treatment n Min Max Mean 
(S.D.) 

Min Max Mean 
(S.D.) 

Mean 
(S.D.) 

Mean 
(S.D.) 

Mean 
(S.D.) 

Mean 
(S.D.) 

Mean 
(S.D.) 

Mean 
(S.D.) 

Younger +G 10 8 14 12.80 
(1.81) 

2.00 39.00 7.80 
(11.06) 

3.20  
(.63) 

3.40  
(.84) 

3.30 
(.95) 

3.40 
(.70) 

3.25 
(4.50) 

10.71 
(13.67) 

 -G 11 10 16 12.55 
(1.81) 

1.50 10.00 5.63 
(2.32) 

3.27 
(9.21) 

3.70  
(.82) 

3.64 
(.81) 

3.64 
(.67) 

8.25 
(8.71) 

17.00 
(12.04) 

Older +G 11 7 62 27.45 
(17.56) 

0 144.00 44.64 
(64.45) 

3.00  
(.89) 

3.09 
(1.04) 

1.33 
(1.53) 

3.09 
(1.04) 

7.91 
(8.65) 

6.55 
(8.85) 

 -G 11 16 60 27.27 
(12.71) 

0 156.00 50.40 
(49.22) 

2.70  
(.95) 

2.90  
(.99) 

2.73 
(1.10) 

2.60 
(.84) 

5.50 
(6.24) 

19.20 
(24.21) 

Note. Participants did not have informal exposure to Spanish before beginning formal instruction. Spanish proficiency self-ratings were on a 
scale of 0-5, with 0 = None, 1 = Poor, 2 = Functional, 3 = Good, 4 = Near-Native, and 5 = Like a Native Speaker. 

  

 

9
1
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One-way ANOVAs (Age x Treatment) were run on bilinguals’ language use. Older bilinguals had 

started to learn their second language, Spanish, at a significantly later age than young bilinguals: F(1, 43) 

= 18.96, p < .001, ƞp
2 
= .33, observed power = .99, but had spent significantly more time in a Spanish-

speaking country: F(1, 38) = 10.28, p = .003, ƞp
2 
= .21, observed power = .88. Self-rated writing, reading, 

and listening (but not speaking) skill in Spanish differed significantly or marginally significantly by age: 

for writing, F(1, 37) = 3.60, p = .07, ƞp
2 
= .09, observed power = .46; for reading, F(1, 38) = 11.14, p = 

.002, ƞp
2 
= .23, observed power = .90; for listening, F(1, 38) = 6.86, p = .01, ƞp

2 
= .15, observed power = 

.72. Young bilinguals rated their proficiency higher than older bilinguals did in each case. However, the 

percentage of time participants reported using Spanish at home and at work (which included school for 

young adults and volunteering for older adults) did not vary by age or by treatment. 

Target Structure 

The targeted structure of the Latin Project, assignment of thematic role to the agent and patient in a 

sentence, is a novel form for participants but is easy for naïve learners to process because no irregular 

nouns appear in treatment or testing and each case ending maps onto only one function. In Latin, three 

cues are available for learners to use in assigning these roles: word order, case agreement, and noun-verb 

agreement. Crucially, in Latin only case agreement is a consistently reliable cue and it is also the only 

novel cue novel for English and Spanish speakers. SVO word order, the universal default for interpreting 

transitive sentences (VanPatten, 2004) and strongest cue in English, is not always used in treatment or 

testing, so participants cannot rely on it. Verb agreement morphology, a strong cue in Spanish, is only 

informative when one noun is plural and the other is singular, so it is also not a consistently reliable cue in 

treatment and testing, either. Therefore, learners have to inhibit their previous cue dependencies, as well 

as universal tendencies, to optimize performance in treatment and testing (Lado, 2008). The design also 

controls for availability of each cue so analyses can distinguish three types of sentences: CASE items in 

which the only reliable cue is case morphology, SVO items in which word order and, half the time, verb 

agreement, are reliable cues competing with case, and AGR items in which SVO order is not present but 



 

93 

 

verb agreement is a competing cue with case. Table 3 gives the distribution of these three sentence types 

in testing, as well as an example of each one (Stafford, 2005). 

 

 Although Spanish marks direct objects in sentences with [+definite, +human] sentences, the 

surface form of this marking is wholly dissimilar to Latin case morphology: while Latin marks agents and 

patients through noun suffixes that vary according to gender and number, in the limited cases in Spanish 

that mark thematic roles, agents are unmarked and patients are marked by the invariant preposition “a.” 

The legacy of Latin’s rich case-marking morphology exists in modern Spanish only in pronominal forms 

(Sanz, 2000). (1a) below presents a sentence from the Latin treatment and (1b) is its Spanish translation; 

(2a) and (2b) are similar but include Latin-Spanish cognates. Clearly, a participant who is untrained in 

linguistics will not consider case-marking morphology and the preposition “a” to be similar in either case; 

in fact, for an L2 speaker of Spanish the “a” has very little saliency or communicative value (Sanz, 2000); 

moreover, morphosyntax is the domain that sees the least transfer (MacWhinney, 2005); thus, the historic 

bond between Latin and Spanish will not give bilinguals an advantage. In addition, knowledge of 

vocabulary is controlled for all participants through the quiz that immediately follows the vocabulary 

Table 3. Distribution of word order in Latin Project tests (Stafford, 2005). 
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lesson, and by short quizzes before each assessment, to minimize the effect of any cognates on vocabulary 

learning and retention and any age differences in vocabulary acquisition. 

(1a) Parvuli tignarios  spectant. 

 Child+MASC+PL+AG carpenter+MASC+PL+P

AT 

 watch+PL 

 The children watch the carpenters.  

(1b) Los niños miran a los carpinteros. 

 The+MASC+PL     child+MASC+P

L   

watch+PL    +PAT   the+MASC+P

L 

carpenter+MASC+P

L 

(2a) Deae  feminam   salutant. 

 God+FEM+PL+

AG 

 woman+FEM+SG+PAT   greet+PL 

 The goddesses greet the woman.     

(2b) Las diosas saludan  a  la mujer. 

 The+FEM+PL god+FEM+PL greet+PL +PAT   the+FEM+SG woman+FEM+SG 

            

Experimental Design 

This study followed a 3x2x2x2 (Time x Bilingualism x Aging x Condition) repeated-measures 

ANOVA design. As noted in Chapter 1, the Latin Project is an empirical tool that that has been used in 

several dissertations (Stafford, 2005; Lado, 2008; Lin, 2009) and published SLA studies  (e.g., Sanz, Lin, 

Lado, Stafford, & Bowden, 2009; Stafford et al., 2010; Stafford et al., 2012; Lenet et al., 2011; Lado et 

al., forthcoming) and allows the researcher to choose the explicitness of the instructional condition but 

keeps practice task-essential.  The targeted structure was assignment of thematic roles (agent and patient) 

to nouns in a Latin sentence. This study will systematically varied provision of a pre-practice grammatical 

explanation, while keeping the feedback consistently less explicit (that is, learners were told if their 

answer was correct or incorrect but not the grammatical reasons why).  Finally, three moderating 

variables (attentional control, language-learning aptitude, and non-linguistic implicit learning) were 

considered as potential mediating factors between the independent variables.  

Materials. 

Language background questionnaire. This questionnaire was adapted from Stafford (2005) primarily to 

collect data on participants’ previous language experience. Its questions asked participants to report the 

language(s) they grew up speaking, language(s) they have studied in school, and current use of any and 
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all language(s) at work and at home, passively and actively, orally/aurally and in printed form. Answers 

to these questions classified participants into the Monolingual and Bilingual groups of the study, or 

disqualified them. Demographic variables such as age, highest level of education achieved, frequency of 

computer use, and self-reported health ranking, were used to test for comparability between the 

participant groups (except for age between Younger and Older Adults). 

  Latin vocabulary lesson and quiz. To control for lexical knowledge in treatment and testing, all 

participants began the Latin Project with vocabulary training via the computer program. They saw photos 

matched with written and aural input for each noun in each of its forms (singular, plural, nominative, 

accusative) and the infinitive of each verb. The quiz that followed required participants to score 100% 

before they proceeded; if they scored between 60% and 100%, they repeated the items they missed until 

they reach 100%. If they score less than 60%, the entire vocabulary lesson repeated and then the quiz 

proceeded as above.  

Latin grammar lesson. The explicit group received this self-paced lesson that explained 

nominative and accusative cases in simple terms, presented each of the noun endings, included interactive 

examples, and addressed both helpful and unhelpful processing strategies that learners may use. Thus, it 

aimed to direct learners’ attention to the targeted structure and to the cue that would help them process it 

accurately through provision of explicit, metalinguistic information. New to this study, following the 

grammar lesson, participants completed a one-page paper quiz to quantify what they took in from the 

lesson. The three parts of the quiz follow the three parts of the lesson: first, picking the correct definition 

for subject and object, then matching each Latin ending with its function (e.g., singular subject, singular 

object, plural subject…), and finally identifying each word in two Latin sentences as subject, object, or 

verb. Thus, this study is able to account for how much of the grammar lesson was captured by each 

participant and whether there were group differences in the amount captured. 
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Latin task-essential practice. Both instructional conditions included 

the same type of practice in interpreting Latin sentences and participants 

received simple right/wrong feedback for each of their answers during 

practice. There were six types of items in practice: (1-2) choosing the photo 

that illustrates a sentence in Latin presented aurally or written, (3-4) 

choosing the English sentence that translates a Latin sentence presented aurally or written, (5) choosing 

the written Latin sentence that describes a given photo, and (6) deciding whether an aurally presented 

Latin sentence accurately describes the given photo. All sentences in both training and testing consisted of 

two human nouns (singular or plural) and one transitive verb to exclude unhelpful potential cues for 

interpretation. Figure 2 is a sample item of type (2). The less explicit group repeated practice to keep 

time-on-task between the groups equivalent. During practice and testing, all participants wear headphones 

to minimize any hearing difficulties or distractions from background noise. 

Latin assessments. The Latin Project’s test battery consists of four tests: (1) written 

interpretation, (2) aural interpretation, (3) written GJT, and (4) controlled written production administered 

at three times: pre-practice (pretest), immediately following practice (posttest), and two weeks following 

practice (delayed posttest). Aural and written interpretation tests were similar in format to the practice 

exercises in that participants picked the photo that depicted the sentence given. However, unlike in 

practice, a third answer option of “I don’t know” was included for each item on these tests so that 

participants were unable to make a 50/50 guess. GJT is a common test of domain-general linguistic 

knowledge in which participants decide whether or not a sentence is grammatical. Written interpretation, 

aural interpretation, and grammaticality judgment tests each consisted of 20 items, 12 of which were 

critical items and 8 distractors. Distractors in these tests are sentences with only one noun and one verb. 

In the immediate and delayed post-tests, 6 of the 12 critical items were sentences that participants saw 

during practice (old items), whereas the other 6 were completely novel (new items). This division allows 

Figure 2. A  written interpretation 

item. Participants view the Latin 

sentence and pick which photo 

illustrates it. Feedback is then 

provided at the bottom of the 

screen. 
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for distinguishing memory of previously seen items (accuracy in old items) from rule understanding 

applied to novel sentences (accuracy in new items).  

Written production tested participants’ ability to extend their training to a skill not yet practiced: 

participants were provided with correct stems and all possible noun and verb endings and combined them 

to describe the picture presented. Certain combinations (e.g., a noun stem with a verb ending, any stem 

with no ending) were prohibited by the computer program, but otherwise, participants were free to 

combine as they wish, including use the same ending more than once in a sentence. The order in which 

stems appear on the screen is randomized. The written production test always consisted of 15 items, 5 of 

which were distractors. Distractors in this test also take the form of one noun and one verb. Again, the 

critical items were divided evenly between old and new exemplars. 

The combination of these four tests gives diverse insight into learners’ developing Latin. The 

production test was always administered last in each session, but otherwise tests were randomly ordered 

and items within tests were randomized, as well. Three versions of each test were counterbalanced 

between participants as pre, immediate post, and delayed posttests. 

Latin debriefing questionnaire.  A debriefing questionnaire following the end of the delayed 

post-test asked for participants’ thoughts and feelings regarding the study, in addition to giving them a 

chance to report any patterns or rules they noticed in the treatment. 

ANT. To build on the empirical evidence that bilingual advantages in attentional control may be 

the root of advantages in non-primary language learning, all participants completed the Attentional 

Network Task, ANT (Fan, McCandliss, Sommer, Raz, & Posner, 2002). The ANT is based on Posner and 

Peterson’s (1990) description of three subcomponents of attention: alerting, orienting, and executive 

attention. Alerting is the network that governs the state of readiness for reception of a stimulus 

presentation. Orienting is the ability to select relevant information from the input. Executive attention 

governs conflict resolution of conflicting possible responses to stimuli. Each network is dissociable in the 

ANT. In addition, each network has been associated with different areas of the both through imaging 
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studies using both the ANT and tasks that tap networks individually (Fan et al., 2002). Throughout the 

task, participants are instructed to by pressing the “z” or “/” key on the keyboard according to the 

direction the central arrow on the screen is facing. The arrow is sometimes flanked by lines, sometimes 

flanked by congruent or incongruent arrows, and an asterisk cue can appear at the top, bottom, or center 

of the screen. Top and bottom asterisks cue the location of the central arrow, whereas the central asterisk 

merely alerts the participant that the arrow will appear shortly. Timing of the cue was not altered for older 

adult participants (unlike Fernández-Duque & Black, 2006, but like Jennings et al., 2007; Zhou et al., 

2011). 

This task is ideal because it has been used in research that has found differences among young 

adults (Costa et al., 2008), suggesting a high degree of sensitivity even among individuals at the height of 

their cognitive capacity. In addition,  the role of the three networks may vary according to participant 

group and/or assessment. Moreover, the ANT does not have any additional draw on WMC, since the 

target is an arrow that encodes the information directing participants to push a certain key (left or right), 

thus limiting the influence of additional IDs. This differs from other measures of attentional control such 

as the Simon task or the Stroop task, in which participants generally must remember the instructions to 

press keys appropriately.  

Simon Task. Since the bilingual advantage in control has at times been elusive and the ANT 

depends to a certain extent on peripheral vision, which can be deteriorated in older adults, this study used 

the Simon task as a secondary measure of attentional control. In the Simon task, participants view blue 

and red squares on the screen and respond by pressing the key on the keyboard assigned to that color. To 

limit the demand on WM, blue and red stickers marked the keys on the keyboard. In a congruent trial, the 

colored square appears on the same side of the screen as the key assigned to it. In an incongruent trial, the 

colored square appears on the opposite side of the screen as the key assigned to it. Participants completed 

4 practice trials before completing 24 experimental trials. This design follows Bialystok et al. (2004). The 

Simon effect is the difference in RT to incongruent compared to congruent trials. 
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MLAT. The Modern Language Aptitude Test (MLAT; Carroll & Sapon, 2002) is a measure of 

aptitude and a powerful predictor of non-incidental, ab initio learning, as in the Latin Project. The MLAT 

Short Form has three parts: Spelling Clues (speeded recognition of misspelled English words and choice 

of closest synonym, implicating sound-symbol associations and English vocabulary), Words in Sentences 

(grammatical structure: picking the word that serves the same function as the highlighted one in a 

sentence) and Paired Associates (lexical learning in written form). Each part is in multiple-choice form. 

The test lasts approximately 40 minutes for younger adults. Scores can be calculated for each subtest and, 

if strongly correlated, combined into a general aptitude score. 

ASRT and card sorting. To investigate the relationship between implicit motor sequence learning 

and language learning in various learner populations, all participants also completed the Alternating Serial 

Reaction Time (ASRT) task (Howard & Howard, 1997, 2001). Each event in this task consists of one of 

four possible locations on a computer screen filling in. The participant responds by pressing the key 

corresponding to that location. Alternating events follow a pattern while events interspersed between 

them are random. Thus, a participant assigned to the pattern 1324 sees and responds to the following 

events: 1r3r2r4r, etc. where “r” represents a random event and 1-4 represent a location on the screen. The 

patterned events consists in multiple sequences of three events – “triplets” – with high-frequency triplets 

appearing three times as often in training than low-frequency triplets. Implicit learning is measured by the 

difference in RT and accuracy when responding to high v. low frequency triplets. Participants completed 

two sessions of the ASRT in a row, with 15 blocks in each session. Following the second session, 

participants were asked standard questions about whether they noticed any patterns in the stimuli (taken 

from Howard & Howard, 2001). Finally, participants were told that there were complex patterns, each 

one consisting of three locations (a “triplet”), and that some patterns occurred more frequently than 

others. They were then given a deck of 64 cards, each one depicting one possible pattern, and asked to 

sort them into two stacks: those patterns that they saw frequently in the task, and those that they saw 
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infrequently. Participants’ replies to the questions and their sorting of the cards are measures of 

awareness.   

NAART.  The North American Adult Reading Test (NAART) was developed as a quick 

measurement of level of education and has been shown to be valid and reliable across the adult lifespan 

(Uttl, 2002). It consists of a list of 50 uncommon English words in which the pronunciation cannot be 

guessed based on orthography. Participants read each item aloud and the researcher marked the number of 

mispronounced words. In Uttl (2002), 135 adults aged 18-9 completed the NAART. Hierarchical linear 

regression analysis showed that age was a moderate linear predictor in NAART score; however, 

education level explained 17.47% of the variance when entered first, and age explained only an additional 

2.2%. Even when age was entered first, it only explained 3.8% of the total variance. Thus, while NAART 

scores seem to be influenced by both age and education, education is the greater predictor and the two 

influences are independent from each other. Cronbach’s alpha showed .93 reliability (.92 for young 

adults, .94 for middle-aged, and .93 for older adults), and correlation with WAIS-R Vocabulary scores 

had a validity coefficient of .75. Item difficulty analyses showed that only one item was biased against 

younger adults. The NAART35 is a shortened version of the test, consisting of only 35 items. These items 

are those with Cohen’s kappa inter-rater reliability scores of “excellent,” none that do not discriminate 

between high and low scorers, and none that are age-biased. Cronbach’s alpha scores for the NAART35 

are exceedingly similar to those for the full form, so this study will utilize the NAART35 as a valid, but 

quick and relatively undemanding, measure of education. 

Digit-Symbol Coding. Part of the WAIS-III Adult Intelligence test, this task was distributed to all 

participants as a measure of processing speed. In the event of large variation in processing speed, scores 

can then be entered as covariates to account for the effect these differences may have had on language 

learning outcomes. In this task, the participants were given shown a paper assigning a symbol to each 

number 1-9. Below, there was a series of 140 numbers paired with empty boxes. Participants had two 

minutes to fill in as many of the empty boxes with the appropriate symbol as they could. Each correct 
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answer is awarded one point in scoring. Joy, Kaplan, and Fein (2004) utilized this test in a large-scale 

study of 950 adults, aged 18 to 89 with varying levels of education. Digit-Symbol Coding was highly 

correlated (.82) with a simple Symbol-Copy task, showing that a large amount of the variance is, as 

expected, due to speed. This is true both for participants under the age of 50 (correlation of .63) as well as 

those over 50 (correlation of .63), although the two correlations were found to be statistically different 

from each other, suggesting that speed plays a greater role for older adults. Finally nearly 50% of the 

variance could be accounted for by age, as expected, and the negative correlation between age and Digit-

Symbol Coding was greater for adults over 50 than those under 50. Years of education also correlated 

with score, but did not interact with the age effect. Across the sample, approximately 15% of the variance 

in Digit-Symbol Coding could be accounted for by WAIS-III memory tests, so speed is not the only 

factor, although of course speed also plays a role in memory tests, especially for older adults. 

Procedure 

A computer application using Flash and ColdFusion programming delivered the Latin Project’s 

instructional treatment and tests. The ANT and Simon task ran on SuperLab; the ASRT on E-Prime. The 

MLAT was on paper. All participants completed three sessions of treatments and testing, each lasting 

about 1.5-2 hours; they began by completing the language background questionnaire online at home. The 

first session then consisted of informed consent paperwork, the ANT, the MLAT (younger adults), Latin 

vocabulary training, and vocabulary quiz. They then complete each of the four Latin pretests and the 

Simon task. Approximately one week later, in the second session, participants complete the Digit-Symbol 

Coding task, review Latin vocabulary and are assigned to one of the two instructional conditions 

(assigned at according to the order participants signed up for the study, although distributing age and 

gender across the two conditions when possible): with or without pre-practice grammar explanation (+/- 

G). As in Stafford et al. (2011), participants in the –G condition repeated practice to keep time on task 

comparable between groups. All participants then completed the four immediate posttests. Due to time 

constraints, older adults complete the MLAT at home between the second and third sessions. Finally, two 

weeks following the second session, participants returned for vocabulary review, the four delayed 
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posttests, a debriefing questionnaire, the NAART and the ASRT and card-sorting task. In this final 

session, order of tasks was counterbalanced to allow for two participants to be in the lab at the same time. 

Table 4 gives the procedure in a chart. 

Table 4. Procedure for all participants. 

 -G +G 

Week 
1 

Informed consent 
Language background questionnaire (at 
home) 
ANT 
MLAT (young adults) 
Latin vocabulary lesson and quiz 
4 Latin pretests 
Simon task 

Informed consent 
Language background questionnaire (at 
home) 
ANT 
MLAT (young adults) 
Latin vocabulary lesson and quiz 
4 Latin pretests 
Simon task 

Week 
2 

Digit-symbol coding task 
Latin vocabulary review 
Latin practice (task-essential, with yes/no 
feedback) 
Second round of Latin practice 
4 Latin posttests 

Digit-symbol coding task 
Latin vocabulary review 
Interactive Latin grammar lesson 
Latin practice (task-essential, with yes/no 
feedback) 
4 Latin posttests 

Week 
4 

MLAT (at home, older adults) MLAT (at home, older adults) 

Latin vocabulary review 
4 Latin delayed post-
tests 
Latin post-
questionnaire 
ASRT (2 sessions, 100 
experimental trials) 
ASRT debriefing 
questionnaire 
ASRT card-sorting task 

NAART 
ASRT  
ASRT debriefing 
questionnaire 
ASRT card-sorting 
task 
Latin vocabulary 
review 
4 Latin delayed 
post-tests 
Latin post-
questionnaire 

Latin vocabulary review 
4 Latin delayed post-
tests 
Latin post-
questionnaire 
ASRT (2 sessions, 100 
experimental trials) 
ASRT debriefing 
questionnaire 
ASRT card-sorting task 

NAART 
ASRT  
ASRT debriefing 
questionnaire 
ASRT card-sorting 
task 
Latin vocabulary 
review 
4 Latin delayed 
post-tests 
Latin post-
questionnaire 

  

Coding 

For the Latin written and aural assessments and GJT, each correct answer was awarded 1 point 

and incorrect answers were awarded 0 points. RTs of correct answers were trimmed to above 300 ms and 

within 2.5 SDs of the mean for that participant in that assessment. For the Latin written production 

assessment, one point was awarded for correct case (in both nouns), one for correct number (in both 

nouns), and one for correct verb conjugation, yielding a total possible 3 points per item. RTs were 
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trimmed following the same guidelines as the other assessments. For the Latin grammar quiz in the 

explicit treatment, one point was given for each correct answer for each critical subquestion (that is, noun 

but not verb endings in #2, see Appendix A), for a total of 12 possible points. The Digit-Symbol Coding 

task and MLAT were also coded with 1 point per correct answer; the NAART with one point per 

incorrect answer. 

 RTs in each condition for each participant on the ANT and Simon task were trimmed according 

to the same guidelines as the Latin assessments. For the ASRT, RTs were trimmed by calculating mean of 

median RT for each triplet-type in each participant. 

Pilot Study 

The purpose of this pilot study was to determine reliability for tests in populations they have not 

yet been used with: namely, older adults and the MLAT, older adults with the Latin Project grammar 

explanations, and Age x Language Group interactions with the Latin Project. In addition, results from the 

pilot study were used to calculate the power needed for the proposed full study. 

Pilot sample. Twenty-nine people participated in the pilot study. All participants in both 

language groups and age groups reported their English proficiency to be 5 on a 1-to-5 scale, that is, like a 

native speaker, for each of the four skills: reading, speaking, listening, and writing. All participants were 

right-handed except for two in the less explicit condition (both were older adults; one was monolingual 

and one bilingual).  

Pilot test reliabilities. There are three versions of each of the four Latin tests. Cronbach’s alpha 

was calculated for each version of each test, as well as for the grammar quiz that participants in the 

explicit condition took immediately following the grammar explanation. In addition, test reliabilities were 

calculated for each section of the MLAT, as well as for the total score. Test reliabilities are reported in 

Table 5 and generally ranged from acceptable to good. Finally, a second coder, familiar with the project, 
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coded 10% of the Latin written production test data. Cronbach’s alpha showed an inter-rater reliability of 

.997 for this data. Reliabilities are reported in Table 5. 

Table 5. Test reliabilities in the pilot study. 

Test N Cronbach’s alpha 

Latin written interpretation, version A 28 .72 

Latin written interpretation, version B 29 .82 

Latin written interpretation, version C 28 .79 

Latin aural interpretation, version A 27 .84 

Latin aural interpretation, version B 28 .67 

Latin aural interpretation, version C 29 .86 

Latin GJT, version A 27 .78 

Latin GJT, version B 28 .56 

Latin  GJT, version C 29 .77 

Latin written production, version A 25 .91 

Latin written production, version B 28 .91 

Latin written production, version C 28 .88 

Latin Grammar Quiz 13 .82 

MLAT, part 3 24 .87 

MLAT, part 4 24 .78 

MLAT, part 5 24 .87 

MLAT, parts 3-5 24 .88 

Power analyses.To predict the sample size needed to have sufficient power in the final study, 

group means and standard deviations on the immediate post-test for written interpretation were entered 

into power analyses using STATA. Results showed that for the main effect of Age to have a power of .80, 

overall sample size needed to be N = 34, for Bilingualism, N = 54, and for Condition, N = 40. To calculate 

the approximate sample size needed to find significant interactions, effect sizes (as partial eta-squared) 

were calculated using the pilot data on the written interpretation immediate post-test. These effect sizes 

were then compared to those of a main effect’s effect size. Effect sizes for main effects were medium 

(approx. = .18), whereas effect sizes for interactions were small (approx. = .03-.05), so sample sizes for 
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interactions to have sufficient power should be approximately twice the size of those needed for main 

effects. For this reason, the proposed study aims to have a participant pool of 80-100, split evenly 

amongst the eight groups.  
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Chapter 4: Results 

This chapter presents the descriptive and inferential statistical analyses performed. All analyses were run 

using the Statistical Package for Social Sciences (SPSS), version 21, and the alpha level was set at .05 

throughout. Prior to conducting analyses, data was coded and sorted in Excel and/or JMP. Analyses 

include test reliability for each of the Latin assessments, the Latin grammar quiz, and the MLAT. 

Descriptive analyses of the dependent variable (accuracy and RT on each of the Latin assessments, Simon 

and ANT effect scores, MLAT scores, ASRT scores) by independent variable (age, language group, and 

treatment) are then presented. Finally, the results to the 8 research questions are presented. In this last 

section, first total accuracy analyses per Latin assessment are presented, followed by separate analyses on 

old and new items respectively. The same procedures were followed for RT analyses. 

Test Reliabilities 

The same analyses of test reliability that were used on the pilot sample were repeated with the full 

sample. Many of the test reliabilities are lower in the full sample than they were in the pilot, but 

Cronbach’s alpha generally remained in the mid-high level. This level is considered acceptable in the 

social sciences and is comparable to other Latin Project studies (Stafford, 2005; Lado, 2008; Lin, 2009). 

Reliabilities are summarized in Table 6. 

Table 6. Test reliability for Latin tests and MLAT, full sample. 

Test N Cronbach’s alpha 

Latin written interpretation, version A 94 .57 

Latin written interpretation, version B 92 .74 

Latin written interpretation, version C 92 .68 

Latin aural interpretation, version A 94 .72 

Latin aural interpretation, version B 91 .65 

Latin aural interpretation, version C 93 .74 

Latin GJT, version A 94 .73 

Latin GJT, version B 91 .65 

Latin  GJT, version C 93 .69 

Latin written production, version A 91 .91 

Latin written production, version B 89 .88 

Latin written production, version C 91 .86 

Latin Grammar Quiz 43 .76 

MLAT, part 3 89 .87 
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MLAT, part 4 89 .85 

MLAT, part 5 89 .88 

 

Descriptive Statistics 

Descriptive statistics for each test are presented by group (Age, Language Group, and Treatment) in 

Appendices A-X. The maximum score for WI, AI, and GJT was 12 items (6 old and 6 new). For 

production, the maximum score was 30 (15 old and 15 new). On each test and in all groups, the trend is 

for accuracy to increase from pre to immediate posttest. From immediate to delayed posttest, there is 

some variation: sometimes group means stay constant while other times, they lower slightly. In the latter 

case, they still remain higher than pretest scores. The GJT showed the smallest magnitude of gains in all 

groups, but the inferential statistics still show learning over time.  

 The cue analyses present accuracy in terms of sentence type: (1) SVO items use subject-verb-

object word order, case is always present and the agreement cue is also informative 50% of the time; (2) 

AGR items are those in which the number of the subject and object differ, so the subject-verb agreement 

is informative in assigning agency, in these items SVO word order is never used but case is always 

present; and (3) CASE items are those in which SVO word order is not present and subject-verb 

agreement is not informative, so the only reliable cue for assigning agency is noun-case morphology. 

Since the number of SVO, AGR, and CASE items is not equal, scores are presented as proportion correct. 

To increase power, the proportion combines critical items from WI and AI. 

Latency descriptives are presented in the same way as are accuracy. It is difficult to report trends 

in RT over time and across groups, as whether RT increased or decreased from pretest depended on the 

assessment and the participant group. Inferential statistics elucidate these differences in the sections to 

come. Trimming RTs within each individual did not exclude any data points. Boxplots (Figure 3 and 

Figure 4) identified participants whose RTs were extreme outliers in the group. Following the boxplots, 

WI latency analyses were limited to participants with a mean RT on the pretest that was less than 25000 

ms, AI latency analyses were limited to participants with a mean RT on the immediate posttest that was 
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less than 22500 ms, and Production latency analyses were limited to participants with a mean RT on the 

immediate posttest that was less than 90000 ms. 

 

Figure 3. Boxplot showing the distributions of mean RTs on input-based assessments by testing time. Extreme outliers are 

marked by an asterisk. 

 

Figure 4. Boxplot showing the distributions of mean RTs on Production by testing time. Extreme outliers are marked by an 

asterisk. 

Potential Covariates 

Since there were some significant differences between groups on background variables, prior to 

conducting inferential analyses, these background variables were entered into bivariate correlations with 

gains scores on the Latin assessments. The gains scores included immediate gains (immediate post – 
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pretest) and delayed gains (delayed post – pretest) for accuracy and latency. The full list of correlations is 

reported in Appendix H. When correlations were found to be significant, inferential analyses were 

repeated with that variable as a covariate. When that covariate significantly interacted with Time in the 

ANOVA, the analysis with the covariate is reported; otherwise, the analysis without the covariate is 

reported. 

Inferential Statistics 

Separate repeated-measures ANOVAs were run for each Latin assessment (WI, AI, GJT, Production) 

with Time as the Within-Subjects factor (Pre, Post, and Delayed) and Age (Young, Older), Language 

Group (Monolingual, Bilingual) and Treatment (+G, -G) as the Between-Subjects factors, first for 

accuracy (total, old, and new) and then for latency (total, old, and new). In addition, a repeated-measures 

ANOVA was run to do the cue analysis with Time (Pre, Post, Delayed) and CueType (SVO, AGR, 

CASE) as within-subjects factors and Age (Young, Older), Language Group (Monolingual, Bilingual) 

and Treatment (+G, -G) as the Between-Subjects factors. The results will be presented in accordance with 

the RQ they answer.  

RQ1. Age and non-primary language development. The first research question asked if, 

regardless of previous language experience and treatment, young adults would have an advantage over 

older adults in terms of accuracy and RT in the development of thematic role assignment in Latin. 

Accuracy totals.The 3x2x2x2 repeated-measures ANOVA on WI showed a significant effect for 

Time, F(2, 166) = 60.38, p < .001, ƞp
2 
= .42, observed power = 1.00. There was no significant interaction 

between Time and Age. The ANOVA was repeated with NAART score as a covariate but the Time x 

NAART interaction was not significant. For the AI scores, the NAART covariate significantly interacted 

with Time so those analyses are reported. The 3x2x2x2 repeated-measures ANOVA returned a significant 

effect for Time, F(2, 160) = 8.53, p < .001, ƞp
2 
= .10, observed power = .96. There was also a significant 

Time x Age interaction, F(2, 160) = 3.48, p = .03, ƞp
2 
= .05, observed power = .64. Visual inspection of 
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Figure 5 shows that younger adults outperformed older at the immediate posttest and this was confirmed 

with a one-way ANOVA with NAART as a covariate: F(2, 87) = 22.87, p < .001, ƞp
2 
= .21, observed 

power = .997 at immediate posttest. At pretest, group differences were marginally significant: F(2, 88) = 

3.59, p = .06, ƞp
2 
= .04, observed power = .47; however, it is clear that young adults still gained more from 

pre to immediate post than older adults did, both in terms of the slope seen in Graph X and in comparing 

the effect sizes of the differences at pre and immediate posttests. Older adults’ accuracy continued to 

increase from immediate to delayed post, while young adults’ accuracy slightly decreased in the same 

timeframe, with the result that age differences were not significant at delayed post: F(2, 88) = 2.73, p = 

.10, ƞp
2 
= .03, observed power = .37.  

 

Figure 5. AI accuracy in young and older adults, combined items. 

For GJT combined accuracy scores, the omnibus ANOVA was run with LatinMass as a covariate, 

which returned significant. Mauchly’s test for sphericity was violated and epsilon was greater than .75, so 

the Huynh-Feldt correction is reported. Again, there was a main effect for Time, F(1.99, 164) = 16.78, p < 

.001, ƞp
2 
= .17, observed power = 1.00. However, there was no significant Time x Age interaction. 

For Production scores, the omnibus ANOVA also returned a significant main effect for Time, 

F(2, 154) = 43.57, p < .001, ƞp
2 
= .36, observed power = 1.00. However, there was no significant Time x 

Age interaction. 



 

111 

 

Recall that participants in the +G condition took a paper-based grammar quiz immediately after 

completing the grammar explanation and before beginning the task-essential practice. A one-way 

ANOVA on grammar quiz scores for these participants found no significant effect for Age, suggesting 

that older and younger adults in the +G condition on the whole were on equal footing immediately upon 

completing the grammar explanation. Results for a Language Group effect and Age x Language Group 

interaction are reported under RQ2 and RQ6, respectively. The ANOVA was repeated with NAART 

score as a covariate, but the covariate returned non-significant. 

 In sum, all assessments showed that participants learned over time and that although mean scores 

dropped slightly from immediate to delayed posttest, they did not return to pretest levels, suggesting 

retention of learning. Moreover, there were generally no differences in age groups across time. The one 

exception is AI, in which younger adults had an advantage at the immediate posttest that did not hold to 

the delayed post, due to the age difference in learning over time: young adults improved their accuracy 

greatly from pre to immediate posttest, but then suffered some loss in accuracy at delayed posttest; 

meanwhile, older adults did not gain as much as immediate posttest but continued to increase their 

accuracy at delayed posttest, thus approximating young adults’ scores two weeks after treatment. 

Accuracy in old items. The 3x3x2x2 repeated-measures ANOVA on WI old item scores revealed 

a significant effect for Time, F(2, 166) = 11.41, p < .001, ƞp
2 
= .12, observed power = .99.  In addition, 

there was a significant Time x Age interaction, F(2, 166) = 3.72, p = .03, ƞp
2 
= .04, observed power = .68. 

Visual inspection of Figure 6 suggests that the significant difference was a slight advantage for older 

adults at the delayed posttest; a follow-up one-way ANOVA with Age as the between-subjects factor on 

delayed posttest scores returned marginally significant: F(1, 92) = 3.14, p = .08, ƞp
2 
= .03, observed power 

= .42. Age differences were not significant at pretest: F(1, 91) = .56, p = .46, ƞp
2 
= .01, observed power = 

.12 or at immediate posttest: F(1, 90) = 1.18, p = .28, ƞp
2 
= .01, observed power = .19. 
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Figure 6. WI accuracy in young and older adults, old items. 

Omnibus ANOVAs for accuracy on old items in AI, GJT, and Production also found significant effects 

for Time: F(2, 162) = 24.64, p < .001, ƞp
2 
= .23, observed power = 1.00 for AI; F(2.00, 161.75) = 9.38, p 

< .001, ƞp
2 
= .10, observed power = .98 for GJT; F(2, 154) = 35.75, p <.001, ƞp

2 
= .32, observed power = 

1.00 for Production, but no significant interactions between Time and Age were obtained. The GJT 

analysis reported is with LatinMass as a covariate and uses the Huynh-Feldt correction as Mauchly’s test 

for sphericity was violated. The AI analysis was repeated with NAART as a covariate, but it was not 

significant. Thus, it seems that younger and older adults were largely equivalent in their ability to 

remember sentences that they had seen in treatment; however, older adults nearly outperformed young 

adults in retention of accuracy on old items on the WI, as their accuracy increased from immediate post to 

delayed, while young adult accuracy decreased in that timeframe. 

Accuracy in new items. For accuracy on WI new items, there was a main effect for Time: F(2, 

166) = 56.33, p < .001, ƞp
2 
= .40, observed power = 1.00, but no significant Time x Age interaction. For 

AI new items with the NAART covariate entered, there was a main effect for Time: F(2, 164) = 16.43, p 

< .001, ƞp
2 
= .17, observed power = 1.00, but no significant Time x Age interaction. For GJT, there was a 

main effect for Time: F(2, 162) = 9.38, p <.001, ƞp
2 
= .10, observed power = .98 but no significant Time x 

Age interaction. The analysis was repeated with the LatinMass covariate, which returned non-significant. 
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Finally, Production also showed a significant effect for Time: F(2, 154) = 23.94, p < .001, ƞp
2 

=.24, observed power = 1.00 and a marginally significant Time x Age interaction: F(2, 154) = 3.01, p = 

.052, ƞp
2 
= .04, observed power = .58. Visual inspection of Figure 7 suggests an advantage for older adults 

over younger at the delayed posttest, as young adult accuracy decreased from immediate to delayed 

posttest but older adult accuracy did not. A series of one-way ANOVAs at each testing time showed that 

there were no age effects at pretest: F(1, 89) = .31, p = .58, ƞp
2 
= .004, observed power = .09 or immediate 

post: F(1, 87) = .001, p = .98, ƞp
2 
= .00, observed power = .05. In contrast, the age difference at delayed 

posttest approached significance: F(1, 90) = 3.58, p = .06, ƞp
2 
= .04, observed power = .47.  

 

Figure 7. Production accuracy in young and older adults, new items. 

In sum, looking at old and new items separately reveals some age differences that were not seen 

in the combined items analyses. For items that were presented during treatment, older adults’ WI 

accuracy increased from immediate to delayed posttest while young adults’ decreased. The same age 

difference in performance over time was noted in accuracy of new items on the Production assessment, 

although in Production, the interaction was only marginally significant.  

Cue analysis.The 3x3x2x2x2 repeated-measures ANOVA returned significant effects for Time: 

F(2, 160) = 65.59, p < .001, ƞp
2 
= .45, observed power = 1.00; CueType: F(2, 160) = 120.20, p < .001, ƞp

2 

= .60, observed power = 1.00,  and Time x CueType: F(4, 320) = 17.25, p < .001, ƞp
2 
= .18, observed 

power = .91. The significant effect of Time shows that in general, accuracy increased from pre to 
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immediate post and from pre to delayed post. The main effect of Cue Type shows that accuracy on SVO 

items, unsurprisingly, was higher than accuracy on AGR or on CASE, at all testing times. The Time x 

CueType interaction shows that SVO accuracy generally remained constant over time, likely due to a 

ceiling effect, whereas AGR and CASE accuracy increased with time.  

 In addition, the Time x Age x Cue Type interaction was significant: F(4, 320) = 4.04, p = .003, 

ƞp
2 
= .05, observed power = .91, with the change over time illustrated in Figure 8. Follow-up ANOVAs 

(Age x CueType) at each testing time revealed no significant Age x Cue Type interaction at pretest or 

immediate posttest: F(1.86, 163.24) = 1.46, p = .24, ƞp
2 
= .02, observed power = .30; F(2, 174) = 1.20, p = 

.30, ƞp
2 
= .01, observed power = .26. In contrast, a significant interaction obtained at delayed posttest: F(2, 

178) = 6.66, p = .002, ƞp
2 
= .07, observed power = .91. Follow-up one-way ANOVAs revealed a 

marginally significant age difference on AGR accuracy at delayed posttest: F(1, 89) = 3.24, p = .08, ƞp
2 
= 

.04, observed power = .43; no significant age difference on CASE accuracy at delayed posttest: F(1, 89) = 

2.67, p = .11, ƞp
2 
= .03, observed power = .37, and a marginally significant age difference in SVO 

accuracy at delayed posttest: F(1, 89) = 3.27, p = .07, ƞp
2 
= .04, observed power = .43. The direction of 

the differences is that young adults outperformed older in AGR items but older adults outperformed 

young in SVO items, as illustrated in Figure 9. Figure 8 illustrates that the dynamic interaction is that 

older adults increased their accuracy on SVO items across time, whereas young adults did not. Young 

adults showed regression to the mean in their accuracy on CASE items from immediate to delayed 

posttest, whereas older adults largely maintained their accuracy on CASE items in the same timeframe.  
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Figure 8. Accuracy across Time by Cue Type, and Age. 

 

Figure 9. Accuracy at delayed posttest by Cue Type and Age. 

Latency of all items. Unlike analyses of accuracy, not all analyses of latency showed significant 

effects of Time, indicating that across participants, there was not always a significant change in RT at 

different testing times. Latency on the WI test (all items) showed a significant effect for Time: F(2, 158) 

= 3.44, p = .03, ƞp
2 
= .04, observed power = .64. The WI analysis was repeated with covariates that were 

significant in correlations, but none were significant in ANOVAs. Latency on Production also showed a 

significant effect of Time: F(2, 154) = 28.55, p < .000, ƞp
2 
= .27, observed power = 1.00. AI and GJT did 
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not show significant effects of Time. For Production, there was a general reduction of RT at each testing 

time. 

 Regardless of whether there was a main effect of Time, all assessments showed a significant main 

effect for Age in latency: F(1, 79) =  45.59, p < .000, ƞp
2 
= .37, observed power = 1.00; F(1, 77) = 43.05, 

p < .000, ƞp
2 
= .36, observed power = 1.00; F(1, 78) = 28.61, p < .000, ƞp

2 
= .27, observed power = 1.00; 

F(1, 77) = 92.72, p < .000, ƞp
2 
= .55, observed power = 1.00 for WI, AI, GJT, and Production, 

respectively. In all cases, younger adults had faster RTs than older adults across testing times, and this 

finding remained when analyses were repeated without outlier individuals. 

 In addition, latency in WI showed a significant interactions between Time and Age: F(2, 158) = 

12.88, p < .001, ƞp
2 
= .14, observed power = 1.00. Visual inspection of Figure 10 shows that in WI, older 

adults’ RT increased at each testing point whereas younger adults’ RT decreased at the immediate post 

and then slightly increased at the delayed post. Follow-up one-way ANOVAs confirmed that the effect 

size of the age difference increased from to immediate post and from immediate to delayed posttest: F(1, 

89) = 14.06, p < .001, ƞp
2 
= .14, observed power = .96 at pre; F(1, 85) = 48.60, p < .001, ƞp

2 
= .36, 

observed power = 1.00 at immediate post; F(1, 88) = 58.66, p < .001, ƞp
2 
= .40, observed power = 1.00. 

The same interaction also approached significance on AI and GJT: for AI (Greenhouse-Geisser 

correction reported), F(2.00, 154.00) = 1.04, p = .055, ƞp
2 
= .04, observed power = .57; for GJT, F(2, 152) 

= 2.43, p = .09, ƞp
2 
= .03, observed power = .48. For AI, the two age groups again change RT in the 

opposite direction from pre to immediate post, although neither group changed RT very much from 

immediate to delayed post (see Figure 11). Follow-up analyses confirmed that the effect size increased 

over time: F(1, 84) = 13.17, p < .001, ƞp
2 
= .14, observed power = .95 at pretest; F(1, 87) = 40.80, p < 

.001, ƞp
2 
= .32, observed power = 1.00 at immediate post; F(1, 86) = 43.77, p < .001, ƞp

2 
= .34, observed 

power = 1.00. For GJT, the young adults show little change in RT over time, whereas the older adults 

again slow down from pre to immediate post, with less change in RT from immediate to delayed post (see 

Figure 12). Follow-up analyses confirmed that the effect size of the age difference increased from pre to 

immediate post but did not appear to change from immediate to delayed posttest: F(1, 85) = 27.18, p < 
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.001, ƞp
2 
= .24, observed power = 1.00 at pre; F(1, 88) = 40.58, p < .001, ƞp

2 
= .32, observed power = 1.00 

at immediate post; F(1, 90) = 38.86, p < .001, ƞp
2 
= .30, observed power = 1.00. 

  
Figure 10. WI latency of young and older adults, combined items. 

  
Figure 11. AI latency of young and older adults, combined items. 

 
Figure 12. GJT latency of young and older adults, combined items. 

 In sum, young adults and older adults’ RTs changed differently over time on all assessments 

except Production. Although the timeframe of the main contrasts between age groups varies by 
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assessment (e.g., pre to immediate posttest or immediate to delayed posttest), when the direction of 

change differs by age group, it is that older adults’ RT increases while young adults’ remains constant or 

decreases. 

Latency of old items. 3x2x2x2 repeated-measures ANOVAs on latency of old items found 

significant effects for Time on the WI and Production assessments: F(2, 156) = 5.59, p = .005, ƞp
2 
= .07, 

observed power = .85; F(1.91, 152) = 7.91, p = .001, ƞp
2 
= .09, observed power = .94 respectively, but not 

for AI or GJT. The WI analysis was repeated with covariates, but they returned non-significant. 

 As with combined items, Age had a significant main effect on latency in all assessments, again 

with young adults responding more quickly than older adults: F(1, 78) = 45.22, p < .001, ƞp
2 
= .37, 

observed power = 1.00 for WI;  F(1, 71) = 37.57, p < .001, ƞp
2 
= .35, observed power = 1.00 for AI; F(1, 

72) = 25.62, p <  .001, ƞp
2 
= .26, observed power = 1.00 for GJT; F(1, 77) = 97.29, p < .001, ƞp

2 
= .56, 

observed power = 1.00 for Production. 

There was a significant interaction for Time and Age on WI only: F(2, 156) = 9.98, p < .001, ƞp
2 

= .11, observed power = .98. Visual inspection of Figure 13 shows that the group difference increased 

mainly from pre to immediate post, confirmed by one-way ANOVAs at each testing time: F(1, 89) = 

16.18, p < .001, ƞp
2 
= .15, observed power = .98 at pre; F(1, 85) = 56.69, p < .001, ƞp

2 
= .40, observed 

power = 1.00 at immediate post; F(1, 87) = 46.93, p < .001, ƞp
2 
= .35, observed power = 1.00. The 

direction of the interaction was that young adults decreased RT from pre to immediate post where older 

adults did not; both groups showed some increases in RT from immediate to delayed post.  
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Figure 13. WI latency of young and older adults, old items. 

Latency of new items. A 3x2x2x2 repeated-measures ANOVA on the latency of new items only 

found a significant main effect for Time on GJT and Production only: F(2, 142) = 3.67, p = .03, ƞp
2 
= .05, 

observed power = .67 and F(1.84, 138.11) = 20.23, p < .001, ƞp
2 
= .21, observed power = 1.00, 

respectively. The Production analysis violated the sphericity assumption, so the Huynh-Feldt correction is 

reported. 

 Again, all analyses showed main effects for Age: for WI, F(1, 77) = 35.36, p < .001, ƞp
2 
= .32, 

observed power = 1.00; for AI, F(1, 74) = 43.16, p < .001, ƞp
2 
= .37, observed power = 1.00; for GJT F(1, 

71) = 59.03, p <  .001, ƞp
2 
= .45, observed power = 1.00; for Production, F(1, 77) = 66.19, p <.001, ƞp

2 
= 

.47, observed power = 1.00. Again, in all cases younger adults had faster RTs than did older adults. 

 Unlike with old items, most assessments returned a significant interaction between Time and Age 

on latency of new items: F(2, 154) = 7.38, p = .001, ƞp
2 
= .09, observed power = .94 for WI; F(2, 142) = 

3.34, p = .04,  ƞp
2 
= .05, observed power = .62 for GJT; F(1.84, 139.74) = 3.58, p = .03, ƞp

2 
= .05, 

observed power = .63 for Production (using the Huynh-Feldt correction). However, the interaction was 

not significant on the AI assessment. Table 7 reports the results of one-way follow-ups at each testing 

time. Figure 14, Figure 15, and Figure 16 illustrate the direction of the change in RT over time by age 

group in WI, GJT, and Production, respectively. 
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Table 7. One-way ANOVAs: Age differences in RT to new items at each testing time. 

 F p ƞp
2  Observed power  

WI pre 7.87 .01 .08 .79 

WI immed  32.48 .000 .28 1.00 

WI delayed  41.20 .000 .32 1.00 

GJT pre 20.62 .000 .20 .99 

GJT immed  38.83 .000 .31 1.00 

GJT delayed  42.44 .000 .33 1.00 

Production pre 42.03 .000 .34 1.00 

Production immed 76.40 .000 .47 1.00 

Production del 58.75 .000 .41 1.00 

Note. Pre = pretest, immed = immediate posttest, del = delayed posttest. 
 

 

 
Figure 14. WI latency of young and older adults, new items. 

 

 
Figure 15. GJT latency of young and older adults, new items. 
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Figure 16. Production latency of young and older adults, new items. 

  

To summarize the age effects found on latency measures, across the board, older adults were 

slower responders than young adults. More interestingly, the direction of change often differed by age 

group, especially seen in analyses of new items only and combined items. Generally speaking, from pre to 

immediate post, older adults slowed down whereas young adults either sped up or did not change their 

response speed. These findings suggest qualitatively different approaches to the Latin assessments in each 

age group. Some of these differences coincide with age differences in accuracy (AI combined items, WI 

old items, Production new items), but many more reflect differences not evident in accuracy analyses.  

RQ2. Bilingualism and non-primary language development The second research question 

asked if, regardless of age and treatment, participants with previous language-learning experience 

(bilinguals) would have an advantage over monolinguals in developing thematic role assignment in Latin. 

Analyses are reported again first for accuracy (totals, old items, and new items) and then for latency 

(totals, old items, and new items). Since the main effects for Time were reported under RQ1, they are not 

repeated here. 

Accuracy totals. Language Group significantly interacted with Time for WI accuracy scores: 

F(2, 166) = 8.07, p = .01, ƞp
2 
= .06, observed power = .88; and for AI scores with the NAART covariate: 

F(2, 164) = 8.34, p < .000, ƞp
2 
= .10, observed power = .96. The interaction was marginally significant for 
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GJT with the LatinMass covariate and the Huynh-Feldt correction: F(1.99, 163.36) = 3.04, p= .051 ƞp
2 
= 

.04, observed power = .58 and for Production: F(2, 152) = 2.59, p = .08, ƞp
2 
= .03, observed power = .51.  

 

Figure 17. WI accuracy of monolinguals and bilinguals, combined items. 

  

Figure 18. AI accuracy of monolinguals and bilinguals, combined items. 
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Figure 19. GJT accuracy of monolinguals and bilinguals, combined items. 

 

Figure 20. Production accuracy of monolinguals and bilinguals, combined items. 

For WI, bilinguals significantly outperformed monolinguals at both immediate and delayed 

posttests, as seen in Figure 17 and via confirmed one-way ANOVAs: F(1, 90) = 11.83, p = .001, ƞp
2 
= .12, 

observed power = .93 for immediate and F(1, 92) = 13.02, p < .001, ƞp
2 
= .12, observed power = .95 for 

delayed post. Language group differences were not significant at pretest: F(1, 91) = .94, p = .33, ƞp
2 
= .01, 

observed power = .94 

For AI, bilinguals marginally outperformed at the immediate posttest and significantly 

outperformed them at the delayed posttest, as seen in Figure 18 and confirmed by one-way ANOVAs 

with the NAART covariate: F(2, 87) = 3.67, p = .059, ƞp
2 
= .04, observed power = .47 for the immediate 
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posttest and F(2, 89) = 25.68, p < .001, ƞp
2 
= .23, observed power = .999 for the delayed posttest. 

Language groups did not differ at pretest: F(1, 88) = .04, p = .85, ƞp
2 
= .00, observed power = .05. 

For GJT, bilinguals significantly outperformed monolinguals at the immediate posttest only: F(1, 

90) = 7.51, p = .01, ƞp
2 
= .08, observed power = .77. At delayed posttest, bilinguals marginally 

outperformed monolinguals: F(1, 92) = 2.79, p = .099, ƞp
2 
= .04, observed power = .38. Language group 

differences were not significant at pretest: F(1, 91) = .001, p = .97, ƞp
2 
= .00, observed power = .05. The 

analyses were repeated with the LatinMass covariate, but the covariate was not significant. Accuracy over 

time is plotted in Figure 19. 

For Production, one-way ANOVAs revealed significant language-group differences at each 

testing time: at pre, F(1, 89) = 8.99, p = .004, , ƞp
2 
= .09, observed power = .84, at immediate post, F(1, 

87) = 17.68, p < .001, , ƞp
2 
= .17, observed power = .99, and at delayed post, F(1, 90) = 19.87, p < .001, 

ƞp
2 
= .18, observed power = .99. In each case, bilinguals scored higher than monolinguals, although as 

seen on Figure 20 and in the effect sizes, the magnitude of the difference was greater on immediate and 

delayed posttests than on the pretest. 

In sum, bilinguals showed at least a trend toward an advantage in accuracy on every Latin 

assessment. This advantage was maintained at the delayed posttest, although in the case of the GJT, the 

effect at delayed posttest was marginal. 

Grammar quiz scores in the +G condition showed a significant effect for Language Group: F(1, 

39) = 11.81, p = .001, ƞp
2
 = .23, observed power = .92 and a significant Age x Language Group 

interaction:  F(1, 39) = 9.67, p = .003, ƞp
2
 = .20, observed power = .86. Together, these show that 

bilinguals outperformed monolinguals on the grammar quiz, but only within young adults; in older adults, 

the two language groups performed equivalently. Thus, this result will be discussed further under RQ6. 

Accuracy in old items. There was no significant interaction between Time and Language Group 

on accuracy of old items in WI or GJT (with or without the LatinMass covariate). For AI, there was a 

significant Time x Language Group interaction: F(2, 160) = 5.13, p = .01, ƞp
2 
= .06, observed power = 
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.82. The analysis was repeated with the NAART covariate, but the covariate was not significant. At 

pretest, there were no differences between language groups: F(1, 90) = .04, p = .84, ƞp
2 
= .00, observed 

power = .06. At immediate posttest, the difference approached significance: F(1, 90) = 3.00, p = .09, ƞp
2 
= 

.03, observed power = .40. At delayed posttest, the difference was significant: F(1, 91) = 22.35, p < .001, 

ƞp
2 
= .20, observed power = .997. As seen in Figure 21, from immediate to delayed post, monolinguals’ 

accuracy decreased while bilinguals’ did not. 

 

Figure 21. AI accuracy of monolinguals and bilinguals, old items. 

 For Production, there was a significant Time x Language Group interaction for accuracy on old 

items: F(2, 154) = 3.33, p = .04, ƞp
2 
= .06, observed power = .62. One-way ANOVAs at each testing time 

show that bilinguals outperformed monolinguals at each testing time: F(1, 89) = 4.84, p = .03, ƞp
2 
= .05, 

observed power = .59 at pre; F(1, 87) = 10.24, p = .002, ƞp
2 
= .11, observed power = .89 at immediate 

post; F(1, 90) = 20.35, p < .001, ƞp
2 
= .18, observed power = .99 at delayed posttest. Importantly, visual 

inspection of Figure 22 and comparison of effect sizes show that the difference between the two groups 

grew at immediate posttest and slightly more at delayed posttest, where bilinguals maintained equivalent 

performance while monolingual performance went down in accuracy. 
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Figure 22. Production accuracy of monolinguals and bilinguals, old items. 

 In sum, it seems that bilinguals particularly have an advantage in retention of memory of items 

seen during treatment. To see how this pattern compares to performance on untrained items, analyses of 

accuracy on new items is presented next.  

Accuracy in new items.  The Time x Language Group interaction for WI accuracy on new items 

was marginally significant: F(2, 166) = 2.51, p = .08, ƞp
2 
= .03, observed power = .50. The same 

interaction was significant for AI with the NAART covariate: F(2, 160) = 5.33, p = .01, ƞp
2 
= .06, 

observed power = .83; and for GJT: F(2, 166) = 3.13, p = .046, ƞp
2 
= .04, observed power = .60. The GJT 

analysis was repeated with the LatinMass covariate, but the covariate was not significant.  

In WI, bilinguals significantly outperformed monolinguals at immediate and delayed posttests 

only: F(1, 90) = 8.18, p = .01, ƞp
2 
= .08, observed power = .81 at immediate post; F(1, 92) = 9.53, p = 

.003, ƞp
2 
= .09, observed power = .86 at delayed post. Language group differences were not significant at 

pretest: F(1, 91) = .51, p = .48, ƞp
2 
= .01, observed power = .11. Accuracy is plotted in  

Figure 23. In AI, bilinguals again significantly outperformed monolinguals at both immediate and 

delayed posttests: F(1, 87) = 6.77, p = .01, ƞp
2 
= .07, observed power = .73 for immediate and F(1, 89) = 

13.93, p < .001, ƞp
2 
= .14, observed power = .96 for delayed. Language group differences were not 

significant at pretest: F(1, 88) = .12, p = .73, ƞp
2 
= .001, observed power = .06. Accuracy is plotted in  

Figure 24. On the GJT, the difference was significant at the immediate posttest: F(1, 90) = 8.75, p 

= .004, ƞp
2 
= .09, observed power = .83. At pretest and delayed posttest, language group differences were 



 

127 

 

not significant: F(1, 91) = .44, p = .51, ƞp
2 
= .01, observed power = .10 and F(1, 92) = .27, p = .61, ƞp

2 
= 

.003, observed power = .08. Accuracy is plotted in Figure 25. 

 

Figure 23. WI accuracy of monolinguals and bilinguals, new items. 

 

Figure 24. AI accuracy of monolinguals and bilinguals, new items. 
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Figure 25. GJT accuracy of monolinguals and bilinguals, new items. 

  

Figure 26. Production of monolinguals and bilinguals, new items. 

 For Production, there was a marginally significant Time x Language Group interaction: F(2, 154) 

= 2.92, p = .057, ƞp
2 
= .04, observed power = .56. One-way ANOVAs revealed that again, bilinguals 

outperformed monolinguals at each testing time: F(1, 89) = 9.76, p = .002, ƞp
2 
= .10, observed power = 

.87 at pre; F(1, 87) = 23.16, p < .001, ƞp
2 
= .21, observed power = .997 at immediate post; F(1, 90) = 

15.35, p < .001, ƞp
2 
= .15, observed power = .97. Again, visual inspection of Figure 26 and comparison of 

effect sizes suggests that the interaction comes from the fact that Bilingual scores increase more from pre 

to immediate post than do Monolinguals’.  

 As with the combined items’ analyses, bilingual advantages were found, either marginally or 

significantly, at both immediate and delayed posttests for accuracy on untrained items in all tests except 

the GJT. In the latter case, the bilingual advantage in accuracy on untrained items was limited to the 
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immediate posttest and bilinguals suffered a loss in accuracy from immediate to delayed posttest on this 

assessment. The situation was similar for trained items, suggesting that both memory (for old items) and 

developing a linguistic system (for new items) played a role in the bilingual advantages in accuracy.   

Cue analysis.The Time x Language Group interaction in the omnibus ANOVA was significant: 

F(2, 160) = 10.76, p < .001, ƞp
2 
= .12, observed power = .99. This parallels the bilingual advantage found 

in WI and AI tests reported above, so no follow-up analyses are reported.  

The Cue Type x Language Group interaction in the omnibus ANOVA was also significant: F(2, 

160) = 6.00, p = .003, ƞp
2 
= .07, observed power = .88. Follow-up one-way ANOVAs on each Cue Type 

(collapsed across Time) showed a Bilingual advantage over Monolinguals for AGR: F(1, 86) = 18.48, p < 

.001, ƞp
2
 = .18, observed power .99; and for SVO: F(1, 86) = 13.82, p < .001, ƞp

2 
= .14, observed power = 

.96; but no significant group difference for CASE: F(1, 86) = 1.44, p = .233,  ƞp
2 
= .02, observed power = 

.22. These differences are plotted in Figure 27. 

 

Figure 27. Accuracy by Cue Type and Language Group (Collapsing across testing times). 

 Summarizing results for accuracy in answer to this research question, bilinguals had several 

advantages over monolinguals. On WI and AI, the bilingual advantage occurred at both immediate and 

delayed posttest of combined and new items. Additionally, the cue analysis showed that bilinguals had 

superior accuracy on AGR and SVO items in these tests, but not CASE. On the GJT, bilinguals had an 

advantage at the immediate posttest (combined items, new items) that was not maintained at delayed post. 
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Finally, on Production, bilinguals had advantages on Production (combined items, old items, new items) 

at each testing time. 

Latency of all items.In analyses of all items, none of the Latin assessments showed a significant 

interaction between Time and Language Group. However, in the GJT latency analysis, there was a 

significant main effect for Language Group: F(1, 76) = 7.62, p = .01, ƞp
2 
= .09, observed power = .78, 

such that bilinguals always responded more slowly than monolinguals.  

Latency of old items.Looking at latency of old items only, none of the Latin assessments showed 

a significant effect for Language Group or a significant interaction between Time and Language Group. 

Latency of new items. Looking at latency of new items only, there was a significant interaction 

between Time and Language Group on AI only: F(2, 152) = 3.79, p = .03, ƞp
2 
= .05, observed power = 

.68. Follow-up analyses at each testing time showed a marginally significant difference at pretest: F(1, 

88) = 3.73, p = .057, ƞp
2 
= .04, observed power = .48; no significant difference at immediate or delayed 

posttest: F(1, 87) = .16, p = .69, ƞp
2 
= .002, observed power = .07; F(1, 90) = .60, p = .44, ƞp

2 
= .01, 

observed power = .12. Thus, the interaction is in the direction of change over time, rather than the 

difference between groups at each testing time. As illustrated in Figure 28, monolinguals increased their 

RT from pre to immediate posttest and then slightly decreased at delayed posttest. In contrast, bilinguals 

decreased their RT from pre to immediate posttest and then increased from immediate to delayed posttest. 
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Figure 28. AI latency of monolinguals and bilinguals, new items. 

In addition, there was a main effect for Language Group on the GJT: F(1, 71) = 9.39, p = .003, 

ƞp
2 
= .86. As with the combined-items main effect, bilinguals always responded more slowly than 

monolinguals on GJT new items. 

To summarize latency results for this question, bilinguals generally did not differ from 

monolinguals in their RTs. However, on the GJT (combined items, new items) there was a main effect for 

Language Group, such that bilinguals responded more slowly at all testing times than monolinguals did. 

Finally, there was an interaction between Language Group and Time on the AI, new items only, which 

showed different patterns in change of RT over time by language group. Thus, it seems that bilingualism 

has a greater effect on determining accuracy than latency measures of language learning. Nevertheless, 

the main effects and interactions for bilingualism on AI and GJT suggest that bilinguals were processing 

qualitatively differently than monolinguals were on these two assessments. 

RQ3. Treatment and non-primary language development RQ 3 asked if, regardless of age and 

previous language experience, having a pre-practice grammar explanation would be beneficial to 

development of thematic role assignment in Latin. Analyses are reported again first for accuracy (totals, 

old items, and new items) and then for latency (totals, old items, and new items). Since the main effects 

for Time were reported under RQ1, they are not repeated here. 
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Accuracy totals. There were significant Time x Treatment interactions for accuracy on total items 

in WI, GJT (with LatinMass covariate), and Production: F(2, 166) = 8.07, p < .001, ƞp
2 
= .09, observed 

power = .96; F(2, 164) = 4.49, p = .01, ƞp
2 
= .05, observed power = .76; F(2, 154) = 16.56, p < .001, ƞp

2 
= 

.18, observed power = 1.00, respectively, but not for AI with or without the NAART covariate.  

For WI, the –G group slightly outperformed +G at pretest: F(1, 91) = 4.07, p = .046, ƞp
2 
= .04, 

observed power = .52; but crucially, the difference was significant in the opposite direction at immediate 

posttest: F(1, 90) = 6.79, p = .01, ƞp
2 
= .07, observed power = .73. There was no significant group 

difference at delayed posttest: F(1, 92) = .70, p = .41, ƞp
2 
= .01, observed power = .13. Accuracy is plotted 

in  

Figure 29. For GJT, the significant difference was limited to a +G advantage at immediate 

posttest: F(1, 89) = 15.00, p < .001, ƞp
2 
= .14, observed power = .97. There was no significant difference 

at pretest: F(1, 88) = .17, p = .68, ƞp
2 
= .002, observed power = .07 or delayed posttest: F(1, 89) = 1.31, p 

= .26, ƞp
2 
= .01. observed power = .21. Accuracy is plotted in Figure 30. For Production, there was a +G 

advantage at both immediate and delayed posttests: F(1, 87) = 20.51, p < .001, ƞp
2 
= .19, observed power 

= .99 for immediate and F(1, 90) = 5.93, p = .02, ƞp
2 
= .06, observed power = .67 for delayed posttest. The 

difference was not significant at pretest: F(1, 89) = .06, p = .81, ƞp
2 
= .001, observed power = .06. 

Accuracy is plotted in Figure 31. 

 

Figure 29. WI accuracy of the +G and -G conditions, combined items. 
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Figure 30. GJT accuracy of the +G and -G conditions, combined items. 

 

 
Figure 31. Production of the +G and -G conditions, combined items. 

 
 In sum, the most evident advantage for a pre-practice grammar explanation is at the immediate 

posttest, but this advantage generally does not hold to the delayed posttest except in the case of skill 

transfer to Production. Interestingly, there was no difference in treatments for the AI assessment. To see 

the extent to which Treatment effects varied by rote memory or generalized learning, old and new items 

are analyzed separately in the following sections. 

Accuracy in old items.  
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Figure 32. WI accuracy of the +G and -G conditions, old items. 

 
Figure 33. AI accuracy of the +G and -G conditions, old items. 

 
Figure 34. GJT accuracy of the +G and -G conditions, old items. 
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Figure 35. Production accuracy of the +G and -G conditions, old items. 

  

For items that were repeated from treatment, there was a significant or approaching significant 

Time x Treatment interaction on all Latin assessments: for WI, F(2, 166) = 3.44, p = .03 ƞp
2 
= .04, 

observed power = .53; for AI, F(2, 162) = 6.21, p = .003, ƞp
2 
=.07, observed power = .89; for GJT (with 

LatinMass covariate and the Huynh-Feldt correction): F(1.97, 144.17) = 2.64, p = .08, ƞp
2 
= .03, observed 

power = .52, for Production, F(2, 154) = 15.43, p < .001, ƞp
2 
= .17, observed power = 1.00,  respectively. 

The AI analysis was repeated with the NAART covariate, but the covariate was not significant.  

For WI, the group difference only approached significant at the immediate post: F(1, 90) = 3.34, 

p = .07, ƞp
2 
= .04, observed power = .44. Group differences were not significant at pretest: F(1, 91) = 1.80, 

p = .18, ƞp
2 
= .02, observed power = .26 or at delayed posttest: F(1, 92) = .04, p = .85, ƞp

2 
= .00, observed 

power = .05. Accuracy is plotted in  

Figure 32. For AI, the +G group significantly outperformed the –G group at immediate post: F(1, 

90) = 9.97, p = .002, ƞp
2 
= .10, observed power = .88. Group differences were not significant at pretest: 

F(1, 90) = 2.42, p = .12, ƞp
2 
= .03, observed power = .34 or at delayed posttest: F(1, 91) = 1.36, p = .25, 

ƞp
2 
= .02, observed power = .21. Accuracy is plotted in  

Figure 33. For GJT, again group differences were significant at immediate posttest: F(1, 90) = 

6.38, p = .01, ƞp
2 
= .07, observed power = .71. Group differences were not significant at pretest: F(1, 90) = 
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.58, p = .45, ƞp
2 
= .01, observed power = .12 or at delayed posttest: F(1, 92) = .04, p = .84, ƞp

2 
= .00, 

observed power = .06. Accuracy is plotted in  

Figure 34. 

For Production, the +G group again outperformed the –G group at immediate posttest: F(1, 87) = 

23.91, p < .001, ƞp
2 
= .22, observed power = .998. Unlike in the other assessments, the +G advantage was 

maintained at the delayed posttest: F(1, 90) = 8.42, p = .01, ƞp
2 
= .09, observed power = .82. Differences 

were not significant at pretest: F(1, 89) = .06, p = .81, ƞp
2 
= .001, observed power = .06. As seen in Figure 

35, the +G condition only gained accuracy after treatment; mean accuracy in the –G condition remained 

approximately pre-test level at all testing times. 

 To summarize, the pattern for old items is largely the same as that for total accuracy. 

Interestingly, there is an advantage for +G in AI when looking just at old items that was not present in the 

total accuracy analysis.  

Accuracy in new items.  Looking just at items that were not seen during treatment, there was a 

significant Time x Treatment interaction for WI, GJT, and Production: F(2, 166) = 5.06, p = .01, ƞp
2 
= .06, 

observed power = .81; F(2, 166) = 4.05, p = .02, ƞp
2 
=.05, observed power = .72;  F(2, 154) = 8.71, p < 

.001, ƞp
2 
= .10, observed power = .97, respectively, but not for AI. The GJT analysis was repeated with 

LatinMass as a covariate, but the covariate was not significant.  

On WI, +G outperformed –G on the immediate posttest: F(1, 90) = 7.35, p = .01, ƞp
2 
= .08, 

observed power = .77; there were no group differences at pre: F(1, 91) = 1.94, p = .17, ƞp
2 
= .02, observed 

power = .28 or delayed posttest: F(1, 92) = 1.46, p = .23, ƞp
2 
= .02, observed power = .22. Accuracy is 

plotted in  

Figure 36. For the GJT, the +G group outperformed the –G group at the immediate posttest: F(1, 

90) = 15.04, p < .001, ƞp
2 
= .14, observed power = .97; and the delayed posttest: F(1, 92) = 5.42, p = .02, 

ƞp
2 
= .06, observed power = .63, showing that although +G accuracy declined between immediate and 
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posttest, it was still higher than –G accuracy. Group differences were not significant at the GJT pretest: 

F(1, 91) = .09, p = .77,  ƞp
2 
= .001, observed power = .06. Accuracy is plotted in  

Figure 37. For Production, the +G group outperformed the –G group at immediate posttest: F(1, 

87) = 13.82, p < .001, ƞp
2 
= .14, observed power = .96, but not at pre: F(1, 89) = .18, p = /67, ƞp

2 
= .002, 

observed power = .07. At delayed posttest, the difference in treatments was very marginally significant: 

F(1, 90) = 2.83, p = .096, ƞp
2 
= .03, observed power = .38. Accuracy is plotted in Figure 38. 

 

Figure 36. WI accuracy of the +G and -G conditions, new items. 

 

Figure 37. GJT accuracy of the +G and -G conditions, new items. 
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Figure 38. Production accuracy of the +G and -G conditions, new items. 

 Overall, the group differences in Treatment are largely similar between total accuracy, accuracy 

on old items only, and accuracy on new items only. In most cases, the +G group had an advantage at the 

immediate posttest that did not hold to the delayed posttest; in most assessments (but not WI), the –G 

condition shows minimal increase in accuracy following treatment. Looking at the analyses together, this 

suggests that the advantage in having a grammar explanation prior to practice holds for both remembering 

items from treatment and for extending that knowledge to untrained items, although it depends on the 

type of assessment. 

Cue analysis. The only significant interaction with Treatment was Time x Treatment: F(2, 160) = 

10.30, p < .001, ƞp
2 
= .11, observed power = .99. Since this effect parallels the Treatment effects reported 

above for WI and AI, no further analyses were conducted. Treatment did not interact significantly with 

Cue Type or Time x Cue Type. 

Latency of all items.Analyses of latency of all items showed a significant interaction of Time and 

Treatment on GJT only: F(2, 152) = 3.71, p = .03, ƞp
2 
= .05, observed power =.67 and follow-ups showed 

that the difference was significant at immediate post: F(1, 88) = 6.44, p = .01, ƞp
2 
= .07, observed power = 

.71 and at delayed posttest: F(1, 90) = 6.07, p = .02, ƞp
2 
= .06, observed power = .68, but not at pretest: 

F(1, 87) = .33, p = .57, ƞp
2 
= .00, observed power = .09. Mean RTs are plotted in Figure 39. 
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Figure 39. GJT latency of the +G and -G conditions, combined items. 

 Additionally, the main effect of Treatment on the AI approached significance: F(1, 77) = 3.97, p 

= .050, ƞp
2 
= .05, observed power = .50, such that across testing times, participants in the +G condition 

responded more slowly than those in the –G condition. 

Latency of old items. Analyses of the latency of only old items also showed a significant 

interaction of Time and Treatment on the GJT only, using the Huynh-Feldt correction: F(2.00, 144.00) = 

4.89, p = .01, ƞp
2 
= .06, observed power = .80. Again, follow-up analyses showed that the difference in RT 

was significant at immediate posttest: F(1, 87) = 8.31, p = .01, ƞp
2 
= .09, observed power = .81, and at 

delayed posttest: F(1, 88) = 7.41, p = .01, ƞp
2 
= .08, observed power = .77, but not at pretest: F(1, 83) = 

.04, p = .84, ƞp
2 
= .00, observed power = .06. For each significant difference, the +G condition responded 

more slowly than the –G condition did. Mean RTs are plotted in Figure 40. 
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Figure 40. GJT latency of the +G and -G conditions, old items. 

Lastly, the main effect of Treatment reached significance on the AI assessment with outliers 

removed: F(1, 71) = 3.75, p = .057, ƞp
2 
= .05, observed power = .48, such that participants in the +G 

condition responded more slowly overall than participants in the –G condition did. 

Latency of new items. Finally, analyses of the latency of only new items showed no significant 

interactions of Time and Treatment for any of the Latin assessments. This did not change when analyses 

were repeated without extreme outliers. However, the main effect of Treatment was marginally 

significant on the AI with outliers removed: F(1, 74) = 3.79, p = .055,  ƞp
2 
= .05, observed power = .49; 

and significant on the GJT: F(1, 71) = 4.72, p = .03, ƞp
2 
= .06, observed power = .57, showing that on both 

assessments, overall, the participants in the +G treatment responded more slowly than those in the –G 

condition did. 

 To summarize the effects of latency according to treatment, on both the AI and GJT assessments 

there was a main effect of Treatment such that participants in the +G condition responded more slowly 

than those in the –G condition. On the GJT analyses of combined items and old items only, Treatment 

additionally interacted with Time, such that the difference in RT according to treatment was limited to the 

immediate posttest. These differences correspond to accuracy advantages in the +G condition, although 

there were also many significant effects in accuracy that did not also show significant effects in latency. 
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RQ4: Age with and without grammar explanation in non-primary language development. 

The fourth research question asked if effects of Age would vary by Treatment; i.e., whether the provision 

of a pre-practice grammar explanation would have a differential impact on non-primary language 

development of young and older adults. 

Accuracy totals. Looking at the accuracy of all items, there were no significant Time x Age x 

Treatment interactions in any Latin assessment, suggesting that the effect of Treatment does not vary by 

Age.  

Accuracy in old items.  In analyses of trained items only, there were no significant interactions of 

Time x Age x Treatment for accuracy in any Latin assessment. 

Accuracy in new items.  In analyses of untrained items only, the Time x Age x Treatment 

approached significance for Production: F(2, 154) = 2.94, p = .056, ƞp
2 
= .04, observed power = .57. One-

way ANOVAs with planned Tukey’s posthoc comparisons for each testing time revealed no significant 

group differences at pretest or delayed posttest. At the immediate posttest, differences were significant: 

F(3, 85) = 4.91, p = .003, ƞp
2 
= .15, observed power = .90, with the Young adults in the +G condition 

outperforming both Young and Older adults in the –G condition (p = .01; p = .04, respectively); other 

group comparisons were not significant. The grouping of means from the Tukey’s test are summarized in 

Table 7. Group differences were not significant at pretest: F(3, 87) = .50, p = .68, ƞp
2 
= .02, observed 

power = .15 and all multiple comparisons had a significance > .1. Group differences were also not 

significant at delayed posttest, although power was low and the effect size was medium: F(3, 88) = 2.20, 

p = .09, ƞp
2 
=  .07, observed power = .54. In the multiple comparisons of the Tukey’s posthoc, the Older, 

+G marginally significantly outperformed the Young, -G group (p = .06). All groups were placed into the 

same homogenous subset, but that subset had marginal significance (see Table 9). As seen in Figure 41, 

while the Young, +G group outperformed both age groups in the –G condition at immediate posttest, at 

delayed post, the Young, +G had lower accuracy than previously, while the Older adults in both 

treatments gained accuracy from immediate to delayed.  
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Table 8. Homogenous subsets from Tukey posthoc on Production Accuracy of New Items, Immediate Posttest. 

 Group means 

Age and Treatment 
Groups 

n Subset 1 Subset 2 

Young, -G 27 8.11  

Older, -G 21 8.67  

Older, +G 20 10.50 10.50 

Young, +G 21  11.38 

Significance  .09 .81 

 

 
Table 9. Homogenous Subset of Tukey Posthoc on Production of New Items, Delayed Posttest. 

Age and Treatment Groups n Subset 

1 

Young, -G 27 8.59 

Young, +G 22 9.27 

Older, -G 22 9.41 

Older, +G 21 10.86 

Sig.  .07 

Means for groups in homogeneous subsets are displayed. 
 Based on observed means. 
 The error term is Mean Square(Error) = 9.395. 

a. Uses Harmonic Mean Sample Size = 22.784. 

b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type I 
error levels are not guaranteed. 

c. Alpha = .05. 

 
Figure 41. Production accuracy by age and condition, new items. 

The same interaction was not significant on any other Latin assessment.  
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Cue Analysis. There were no significant Age x Treatment interactions with Time or CueType. 

Latency of all items. In analyses of latency of combined items, there were no significant Time x 

Age x Treatment interactions or Age x Treatment interactions.  

Latency of old items. Analyses of only old items’ latency returned no significant Time x Age x 

Treatment interactions or Age x Treatment interactions. 

Latency of new items. As with combined and old items, analyses of only new items’ latency 

returned no significant Time x Age x Treatment interactions or Age x Treatment interactions. 

 In sum, provision of a grammar explanation generally did not impact young and older adults’ 

learning differently, as Treatment x Age did not interact in most analyses of accuracy or latency. The 

exception was accuracy of Production of new items, in which young adults in the +G condition 

outperformed both age groups in the –G condition at immediate posttest. Interestingly, this advantage was 

not maintained at delayed posttest due to young adults’ decrease in accuracy in the +G condition while 

both older adult groups gained accuracy from immediate to delayed posttest. The young adults in the –G 

condition showed minimal change in accuracy across the three testing times. 

RQ5: Language groups with and without grammar explanation in non-primary language 

development The fifth research question asked if the effect of previous experience (bilingualism) would 

vary by treatment; i.e., whether the provision of grammatical information would have a greater impact on 

monolinguals than bilinguals or vice versa. 

Accuracy totals. Looking at accuracy totals, there were significant interactions of Time x 

Language Group x Treatment on GJT (sphericity violated, Huynh-Feldt violation reported): F(1.93, 

160.40) = 4.32, p = .02, ƞp
2 
= .05, observed power = .73 and Production: F(2, 154) = 5.84, p = .004, ƞp

2 
= 

.07, observed power = .87 only. For the GJT, one-way ANOVAs with Tukey’s posthoc showed no 

significant group differences at pretest: F(3, 88) = .08, p = .97, ƞp
2 
= .003, observed power = .06, or 

delayed posttest: F(3, 90) = 1.70, p = .17, ƞp
2 
= .05, observed power = .43, but there were significant 

differences at the immediate posttest: F(3, 88) = 10.22, p < .001, ƞp
2 
= .26, observed power = .998. 

Namely, at the immediate posttest, Bilinguals in the +G condition significantly outperformed all other 
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groups (p = .002 compared to Monolingual, +G; p < .001 compared to Monolingual, –G and Bilingual, -

G), as can clearly be seen in Graph X. Homogenous subsets from the posthoc are reported in Table 10. 

Note that SPSS does not allow for posthocs to be run with a covariate. Accuracy by group over time is 

plotted in  

Figure 42. 

 For Production, one-way ANOVAs with Tukey’s posthoc showed significant group differences at 

all testing times: F(3, 87) = 3.14, p = .03, ƞp
2 
= .10, observed power = .71 at pre; F(3, 85) = 16.71, p < 

.001, ƞp
2 
= .37, observed power = 1.00 at immediate post; F(3, 88) = 0.94, p < .001, ƞp

2 
= .25, observed 

power = .997 at delayed post. At pretest, the only significant comparison was Bilinguals in the –G 

condition significantly outperforming Monolinguals in the –G condition (p = .047); all groups were still 

placed in one homogenous subset, p = .050. At immediate and delayed posttests, the Bilinguals in the +G 

condition outperformed all other groups (for immediate: p < .001 for each comparison; for delayed: p = 

.001 compared to Monolingual, +G, p < .001 compared to Monolingual, -G; p = .04 compared to 

Bilingual, -G), as seen in Figure 43 and  

 

Table 11. In addition, at the immediate posttest only, the Monolingual, +G nearly significantly 

outperformed the Monolingual, -G group (p = .059).  

Figure 42. GJT accuracy by language and condition groups, combined items. 
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Figure 43. Production accuracy by language and treatment groups, combined items. 

 
Table 10. Homogenous subsets from Tukey posthoc on GJT Accuracy, Immediate Posttest. 

 
Language and 

Treatment Groups 

n Subset 

1 2 

Tukey HSD
a,b,c

 

Monolingual, -G 28 5.93  

Bilingual, -G 22 6.27  

Monolingual, +G 22 6.82  

Bilingual, +G 20  9.45 

Sig.  .570 1.000 

a. Uses Harmonic Mean Sample Size = 22.647. 

b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type I 

error levels are not guaranteed. 

c. Alpha = .05. 

 

 

Table 11. Homogenous subsets from Tukey posthocs on Production accuracy: pre, immediate, and delayed posttests. 

 
Language and 

Treatment 
Groups 

Pre Post Delayed 

n 
Subset 

n 
Subset  

n 
Subset  

1 2 1 2 1 2 

Tukey 
HSD

a,b,c
 

Monolingual, -G 27 13.67  27 15.11  27 15.41  

Bilingual, -G 23 14.43  21 18.62  23 17.13  

Monolingual, +G 21 16.62  22 19.00  22 19.41  

Bilingual, +G 20 17.35  19  26.26 20  24.15 

Sig.  .050   .08 1.00  .09 1.00 

a. Uses Harmonic Mean Sample Size = 22.647. 

b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels are not 
guaranteed. 

c. Alpha = .05. 
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Accuracy in old items.  Analyzing accuracy on trained items only, there was a significant 

interaction of Time x Language Group x Treatment on the GJT with LatinMass covariate (sphericity 

violated, Huynh-Feldt correction reported): F(1.93, 157.87) = 3.14, p = .048, ƞp
2 
= .04, observed power = 

.59, illustrated in Figure 44. One-way ANOVAs with Tukey posthocs at each testing time, again without 

the LatinMass covariate, revealed a significant difference at the immediate posttest: F(3, 88) = 4.10, p = 

.01, ƞp
2 
= .12, observed power = .83. Specifically, there was an advantage for the Bilinguals in the +G 

condition over Bilinguals and Monolinguals in the –G condition at the immediate posttest (p = .01 

compared to Monolingual, -G; p = .02 compared to Bilingual, -G); Bilinguals in the +G condition also 

marginally outperformed Monolinguals in the +G condition (p = .09). The homogenous subsets are 

reported in Table 12. There were no significant group differences at pretest: F(3, 88) = .25, p = .86, ƞp
2 
= 

.01, observed power = .10 or at delayed posttest: F(3, 90) = 1.90, p = .14, ƞp
2 
= .06, observed power = .48. 

Figure 44 illustrates that the significant difference was not maintained at the delayed posttest because as 

the Bilingual, -G condition improved its accuracy, the other three groups regressed to the mean, with the 

end result that the four groups had equivalent scores on the delayed posttest. 

 
Figure 44. GJT accuracy by language and treatment groups, old items. 
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Table 12. Homogenous subsets from Tukey posthoc on GJT accuracy on old items, immediate posttest.  

Language and 
Treatment Groups 

n Subset 

1 2 

Bilingual, -G 22 3.50  

Monolingual, -G 28 3.54  
Monolingual, +G 22 3.77 3.77 

Bilingual, +G 20  4.75 

Sig.  .90 .07 

Means for groups in homogeneous subsets are displayed. 
 Based on observed means. 
 The error term is Mean Square(Error) = 1.774. 

a. Uses Harmonic Mean Sample Size = 22.647. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 

c. Alpha = .05. 

 

No other assessments showed a significant interaction. 

Accuracy in new items.  For accuracy of untrained items, there were again significant 

interactions of Time x Language Group x Treatment on GJT (LatinMass covariate not significant; Huynh-

Feldt correction reported): F(2.00, 166.00) = 3.07, p = .049, ƞp
2 
= .04, observed power = .59; and 

Production: F(2, 154) = 6.10, p = .003, ƞp
2 
= .07, observed power = .88, only. One-way ANOVAs with 

Tukey posthocs at each testing time revealed significant group differences at the immediate posttest only: 

F(3, 88) = 10.64, p < .001, ƞp
2 
= .27, observed power = .999. The Bilingual, +G group outperformed all 

other groups at the immediate posttest only (p < .01 for all comparisons), as can be seen in Figure 45. 

Homogenous subsets are reported in Table 13. Group differences were not significant at pretest: F(3, 89) 

= .25, p = .86, ƞp
2 
= .01, observed power = .10 or at delayed posttest: F(3, 90) = 1.77, p = .16, ƞp

2 
= .06, 

observed power = .45. 
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Figure 45. GJT accuracy by language and treatment groups, new items. 

 

 
Table 13. Homogenous subsets from Tukey posthoc on GJT accuracy of new items, immediate posttest. 

Language and 
Treatment Groups 

n Subset 

1 2 

Monolingual, -G 28 2.46  

Bilingual, -G 22 2.77  

Monolingual, +G 22 3.05  

Bilingual, +G 20  4.70 

Sig.  .518 1.000 

Means for groups in homogeneous subsets are displayed. 
 Based on observed means. 
 The error term is Mean Square(Error) = 2.023. 

a. Uses Harmonic Mean Sample Size = 22.647. 

b. The group sizes are unequal. The harmonic mean of the 
group sizes is used. Type I error levels are not guaranteed. 

c. Alpha = .05. 

 

In the case of Production, again one-way ANOVAs with Tukey posthocs revealed significant 

group differences at each testing time: F(3, 87) = 3.65, p = .02, ƞp
2 
= .11, observed power = .78 at pre; 

F(3, 85) = 15.81, p < .001, ƞp
2 
= .36, observed power = 1.00 at immediate post; F(3, 88) = 6.85, p < .001, 

ƞp
2 
= .19, observed power = .97 at delayed posttest. At pretest, participants in the Bilingual, -G condition 

significantly outperformed Monolinguals in the –G condition, p = .02. At immediate posttest, there was 

an advantage for Bilingual, +G participants over all others (p < .01 for all comparisons). In addition, 

although not seen in the homogenous subsets (but note that subset one is marginally significant), the 
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Bilingual, -G group significantly outperformed the Monolingual, -G group at immediate posttest, p = .04. 

At delayed post, Bilingual, +G participants outperformed the two Monolingual treatments (p < .01 for 

both comparisons) and did not differ significantly from the Bilingual, -G treatment. Table 14 reports the 

homogenous subsets at each testing time; Figure 46 illustrates the group differences over time. This 

finding suggests that the significant interaction found for accuracy totals was carried by performance on 

new items; i.e., extending knowledge to previously unseen sentences. 

 

Figure 46. Production accuracy by language and treatment groups, new items. 

 
Table 14. Homogenous subsets from Tukey posthocs on Production accuracy of new items: pre, immediate, and delayed 

posttests. 

Language and 
Treatment 

Groups 

Pre Post Delayed 

n 
Subset 

n 
Subset 

n 
Subset 

1 2 1 2 1 2 

Monolingual, 
 -G 

27 6.70  27 7.37  27 8.22  

Bilingual, -G 23 7.43 7.43 22 9.00  23 8.57  

Monolingual, 
+G 

21 8.57 8.57 21 9.62  22 9.86 9.86 

Bilingual, +G 20  9.10 19  13.21 20  11.75 

Sig.  .11 .18  .053 1.00  .22 .13 

a. Uses Harmonic Mean Sample Size = 22.647. 

b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels are not 
guaranteed. 

c. Alpha = .05. 
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Cue analysis.There were no significant Language Group x Treatment interactions with Time or 

CueType. 

 To summarize the effects found for accuracy, the bilinguals in the +G condition often had an 

advantage at immediate posttest on the GJT and Production assessments. On the GJT, this effect was 

limited to the immediate posttest, as bilingual +G accuracy decreased from immediate to delayed post 

while bilingual –G accuracy increased slightly in the same timeframe (particularly evident on the old-item 

analysis). In Production, bilinguals in the +G condition maintained their advantage at delayed posttest for 

combined items, but for new items, the bilingual +G group only outperformed the two –G groups; the two 

+G groups were equivalently accurate due to a decrease in bilingual +G accuracy from immediate to 

delayed posttest. 

Latency of all items.There was no significant Time x Language Group x Treatment interaction 

for latency on any Latin assessment when looking at all items, both including and excluding extreme 

outliers. 

Latency of old items.There was a marginally significant Time x Language Group x Treatment 

interaction for latency on trained items for the Production assessment (sphericity violated, Huynh-Feldt 

correction reported): F(1.91, 154.00) = 2.70, p = .07, ƞp
2 
= ..03, observed power = .52. However, follow-

up ANOVAs at each testing time did not find significant group differences: F(3, 87)  = .11, p = .96, ƞp
2 
= 

.004, observed power = .07 at pre; F(3, 85) = .70, p = .55, ƞp
2 
= .02, observed power = .19 at immediate 

post; F(3, 88) = .14, p = .94, ƞp
2 
= .01, observed power = .08 at delayed posttest. Figure 47 also suggests 

that RTs were largely the same across groups; however, the Monolingual, +G group’s RTs fluctuated 

more than the other groups, with a reduction in RT from pretest to immediate posttest and an increase in 

RT from immediate to delayed post. The other groups’ RTs remained constant across time or decreased 

slightly. 
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Figure 47. Production latency by language and treatment groups, old items. 

There were no significant latency interactions for other assessments in old-item analyses. 

Latency of new items. Looking at only untrained items, there was a significant Time x Language 

Group x Treatment interaction on AI new items with extreme outliers excluded: F(2, 148) = 3.22, p = .04, 

ƞp
2
 = .04, observed power = .59. Follow-up analyses did not show any significant differences at any 

testing time: at pretest, F(3, 81) = 1.54, p = .21, ƞp
2
 = .05, observed power = .39; at immediate post, F(3, 

83) = .41, p = .74, ƞp
2
 = .02, observed power = .13; at delayed post, F(3, 84) = .67, p = .57, ƞp

2
 = .02, 

observed power = .19. Thus, that the interaction has to do with differences in direction of change in RT 

rather than values at each testing time. As seen in Figure 48, for monolinguals, RT increased from pre to 

immediate posttest regardless of treatment, but from immediate to delayed post, monolinguals in the –G 

condition decreased RT whereas those in the +G condition did not. Bilinguals in both treatments 

decreased their RT from pre to immediate posttest, but from immediate to delayed post, bilinguals in the –

G condition increased their RT whereas those in the –G condition did not. 
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Figure 48. AI latency of language and treatment groups, new items. 

 Summarizing Treatment x Language Group interactions in latency, significant findings in 

Production of old items and AI new items suggest that treatment had a different effect on latency 

according to language group on these two assessments. In the case of Production of old items, there was 

also a significant interaction for accuracy. Interestingly, the accuracy analysis pinpointed the bilinguals in 

the +G condition as having an advantage, whereas the latency analysis suggests that monolinguals in the 

+G condition as having different processing (as seen in the more drastic changes in RT). The finding for 

AI latency on new items suggests differential processing that did not result in an accuracy difference. 

RQ6: The role of age in bilingual and monolingual non-primary language development. The 

sixth research question asked if the effect of bilingualism would vary by age; e.g., if a bilingual effect 

would be different in younger than older adults. 

Accuracy totals. Looking at accuracy on all items, none of the Latin assessments showed 

significant Time x Age x Bilingualism interactions, suggesting that the effect of Bilingualism does not 

vary by Age. 

However, recall that the one-way ANOVA on grammar quiz scores in the +G condition returned 

a significant Age x Language Group interaction: F(1, 39) = 9.67, p = .003, ƞp
2
 = .20, observed power = 

.86, such that the bilingual advantage was found only for younger, and not older, adults. Tukey’s posthoc 

comparisons confirmed that young bilinguals scored significantly higher than young monolinguals (p = 



 

153 

 

.001), and also showed that older adults in both language groups did not significantly differ from either 

young adult language group or from each other. The homogenous subsets are reported in Table 15. Since 

there was no significant interaction on Latin assessment accuracy, though, these group differences seem 

to be limited to temporary effects; either they were not great enough differences to have a bearing on 

learning or the task-essential practice that followed the grammar explanation was sufficient to neutralize 

differences. 

Table 15. Homogenous subsets of Tukey posthoc on Pen-and-paper Grammar Quiz scores (+G condition only). 

Tukey HSD
a,b,c

 

Language and Age 
Groups 

n 
Subset 

1 2 

Young Monolingual 12 8.00  

Older Monolingual 10 9.80 9.80 

Older Bilingual 11 10.00 10.00 

Young Bilingual 10  12.00 

Sig.  .11 .07 

The error term is Mean Square(Error) = 3.99. 

a. Uses Harmonic Mean Sample Size = 10.69. 

b. The group sizes are unequal. The harmonic mean of the group sizes is 
used. Type I error levels are not guaranteed. 

c. Alpha = .05. 

 

Accuracy in old items. Likewise, looking at accuracy on trained items only, none of the Latin 

assessments showed significant Time x Age x Bilingualism interactions, suggesting that the effect of 

Bilingualism does not vary by Age. 

Accuracy in new items. Looking at accuracy on untrained items only, also showed no significant 

Time x Age x Bilingualism interactions for any Latin assessment, suggesting that the effect of 

Bilingualism does not vary by Age. 

 In sum, although young age played a role in whether bilinguals had an advantage on the pen-and-

paper grammar quiz, age did not play a role in whether bilinguals had advantages in accuracy on the Latin 

assessments. 
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Cue analysis. There were no significant Age x Language Group interactions with Time or 

CueType. 

Latency of all items. Analyses of latency of all items also showed no significant Time x Age x 

Bilingualism interaction for any Latin assessment. However, the GJT returned a marginally significant 

interaction for Age x Bilingualism regardless of Time: F(1, 76) = 3.31, p = .07, ƞp
2
 = .04, observed power 

= .44, such that monolinguals responded more quickly than bilinguals in the young adult group, but the 

two language groups did not differ in older adults.  

Latency of old items. Analyses of latency on old items only did not return any significant Time x 

Age x Language Group interactions. However, the GJT returned a significant interaction for Age x 

Bilingualism regardless of Time: F(1, 72) = 4.08, p = .047, ƞp
2
 = .05, observed power = .51, such that 

monolinguals responded more quickly than bilinguals in the young adult group, but the two language 

groups did not differ in older adults.  

Latency of new items. Analyses of latency on new items did not return any significant Time x 

Age x Language Group interactions or Age x Language Group between-subjects interaction.  

 To summarize latency results for this research question, change in RT over time in each age 

group did not vary according to language group, but across testing times on the GJT, there latency varied 

by language group in the young adult group (such that bilinguals were slower than monolinguals) but not 

in the older adult. This finding in combination with the Age x Language Group interaction in pen-and-

paper grammar quiz scores suggests that bilingualism plays a greater role in young adults than older 

adults, but that this effect is limited in scope. 

RQ7: Age and bilingualism with and without grammar explanation in non-primary 

language development  The seventh research question asked whether the role of instructional condition 

would vary according to age and bilingualism, i.e., differently for young monolinguals, young bilinguals, 

older monolinguals, and older bilinguals. 

Accuracy totals. Analyses of accuracy of all items returned no significant Age x Bilingualism x 

Treatment interactions or Time x Age x Bilingualism x Treatment interactions for any Latin assessment; 
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however, the latter was marginally significant on the WI: F(2, 166) = 2.81, p = .06, ƞp
2 
= .03, observed 

power = .55 and on the GJT with the LatinMass covariate (Huynh-Feldt correction reported): F(1.99, 

163.36) = 2.80, p = .06, ƞp
2 
= .03, observed power = .54.  

 On the WI assessment, one-way ANOVAs revealed a marginally significant group difference at 

pretest: F(7, 85) = 1.83, p = .09. ƞp
2 
= .13, observed power = .70; however, Tukey’s posthoc placed all the 

participant groups into one homogenous subset (p = .23) and none of the multiple comparisons had a p-

value less than .10. On the immediate posttest, groups were significantly different: F(7, 84) = 4.32, p < 

.001, ƞp
2 
= .27, observed power = .99. The Tukey posthoc showed that the Young Bilingual, +G group 

outperformed all others except the Older Bilingual, -G group, p < .02 for all significant comparisons. The 

comparison between Young Bilingual, +G and Older Bilingual, -G groups approached significance, p = 

.065. The Older Bilingual, -G group did not significantly differ from any groups. See Table 16 below for 

the homogenous subsets. Group differences remained significant at delayed posttest: F(7, 86) = 2.59, p = 

.02, ƞp
2 
= .17, observed power = .87. The Tukey posthoc placed all groups into one homogenous subset, 

but it came close to significance (p = .052). Multiple comparisons showed that the Young Bilingual, +G 

group nearly significantly outperformed both the Young Monolingual, +G group (p = .07) and the Young 

Monolingual, -G group (p = .09). See Table 17 for the homogenous subsets. Group performance over 

time is plotted in Figure 49. 

Table 16. Homogenous subsets from Tukey posthoc on WI Accuracy, Immediate Posttest. 

Age, Language, and 
Treatment Groups 

n Subset 

1 2 

Young Monolingual, +G 12 6.42  

Young Monolingual, -G 16 7.50  

Older Monolingual, -G 11 7.73  

Older Monolingual, +G 11 8.00  

Young Bilingual, -G 11 8.09  

Young Bilingual, -G 11 8.45  

Older Bilingual, -G 10 8.80 8.80 

Young Bilingual, +G 10  11.50 

Sig.  .24 .12 

Means for groups in homogeneous subsets are displayed. 
 Based on observed means. 
 The error term is Mean Square(Error) = 5.367. 
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a. Uses Harmonic Mean Sample Size = 11.276. 

b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type I 
error levels are not guaranteed. 

c. Alpha = .05. 

 
Table 17. Homogenous subset from Tukey posthoc on WI Accuracy, Delayed Posttest. 

Age, Language and Treatment 
Groups 

N Subset 

1 

Young Monolingual, +G 12 6.75 

Young Monolingual, -G 16 7.00 

Older Monolingual, -G 12 7.08 

Older Monolingual, +G 11 8.27 

Older Bilingual, +G 11 8.36 

Young Bilingual, -G 11 8.55 

Older Bilingual, -G 11 8.82 

Young Bilingual, +G 10 9.40 

Sig.  .052 

Means for groups in homogeneous subsets are displayed. 
 Based on observed means. 
 The error term is Mean Square(Error) = 4.240. 

a. Uses Harmonic Mean Sample Size = 11.547. 

b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type I 
error levels are not guaranteed. 

c. Alpha = .05. 

 

 

 
Figure 49. WI accuracy by age, language, and treatment groups, combined items. 

On the GJT, one-way ANOVAs revealed that there was a significant difference between groups 

at immediate posttest only, F(7, 84) = 4.70, p < .001, ƞp
2 
= .28, observed power = .99. A Tukey’s posthoc 
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on the immediate posttest showed that at the immediate posttest, the Young Bilinguals in the +G 

condition outperformed all groups except the Older Bilinguals in the +G condition, p ≤ .02 for all 

significant comparisons. The latter group did not perform significantly differently from any other, as seen 

in Table 18. At the delayed posttest, group differences were not significant but the effect size was fairly 

large and power was low: F(7, 86) = 1.38, p = .22, ƞp
2 
= .10, observed power = .56. At pretest, not only 

were group differences non-significant, but the effect size was small: F(7, 85) = .16, p = .99, ƞp
2 
= .01, 

observed power = .09. Results are presented visually in Figure 50 below. 

 

Table 18. Homogenous subsets from Tukey’s posthoc on GJT immediate posttest accuracy. 

Age, Language, and Treatment 
Groups 

n Subset 

1 2 

Older Monolingual -G 12 5.83  

Young Monolingual -G 16 6.00  

Young Bilingual -G 11 6.27  

Older Bilingual -G 11 6.27  

Young Monolingual +G 11 6.82  

Older Monolingual +G 11 6.82  

Older Bilingual +G 10 8.60 8.60 

Young Bilingual +G 10  10.30 

Sig.  .11 .67 

Means for groups in homogeneous subsets are displayed. 
 Based on observed means. 
 The error term is Mean Square(Error) = 5.450. 

a. Uses Harmonic Mean Sample Size = 11.276. 

b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels are not 
guaranteed. 

c. Alpha = .05. 
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Figure 50. GJT accuracy by age, language, and treatment groups, combined items. 

Accuracy in old items. For accuracy only on items seen during treatment, none of the Latin 

assessments showed a significant Age x Bilingualism x Treatment interaction or Time x Age x 

Bilingualism x Treatment interaction. However, the latter interaction approached significance on the GJT 

(sphericity violated, Huynh-Feldt correction reported): F(1.95, 159.49) = 2.98, p = .055, ƞp
2 
= .04, 

observed power = .56.  The analysis was repeated with the LatinMass covariate, which was not 

significant. Figure 51 illustrates the eight groups’ performances over time. Follow-up one-way ANOVAs 

at each testing point showed that group differences were not significant at the pretest: F(7, 84) = .66, p = 

.71, ƞp
2 
= .05, observed power = .27, and no multiple comparisons were significant or close to significant. 

Group differences were marginally significant at immediate post: F(7, 84) = 2.03, p = .061, ƞp
2 
= .15, 

observed power = .76. The large effect size suggests that with a slightly larger sample size, differences 

would be significant. In the multiple comparisons, the Young Bilingual, +G marginally outperformed the 

Older Bilingual, -G group (p = .050) and the Older Monolingual –G group (p = .08). See also Table 19 for 

the homogenous subsets. At delayed posttest, group differences were not significant: F(7, 86) = 1.38, p = 

.23, ƞp
2 
= .10, observed power = .55. Despite the large effect size, no multiple comparisons approached 

significance and all groups were placed in the same subset in the Tukey’s posthoc (p = .53). 
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Table 19. Homogenous subsets of Tukey posthoc on GJT accuracy on old items, immediate posttest. 

Age, Language and 
Treatment Groups 

n 
Subset 

1 2 

Older Bilingual, -G 11 3.27  

Older Monolingual, -G 12 3.42 3.42 

Young Monolingual, -G 16 3.63 3.63 

Young Monolingual, +G 11 3.73 3.73 

Young Bilingual, -G 11 3.73 3.73 

Older Monolingual, +G 11 3.82 3.82 

Older Bilingual, +G 10 4.40 4.40 

Young Bilingual, +G 10  5.10 

Sig.  .50 .07 

Means for groups in homogeneous subsets are displayed. 
 Based on observed means. 
 The error term is Mean Square(Error) = 1.811. 

a. Uses Harmonic Mean Sample Size = 11.276. 

b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type I 
error levels are not guaranteed. 

c. Alpha = .05. 

 

 

Figure 51. GJT accuracy by age, language, and treatment groups, old items. 

 

Accuracy in new items. For accuracy only on untrained items, none of the Latin assessments 

showed a significant Age x Bilingualism x Treatment interaction or Time x Age x Bilingualism x 

Treatment interaction. 
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Cue analysis.There were no significant Age x Language Group x Treatment interactions with 

Time or CueType. 

 To summarize accuracy findings, the young bilinguals in the +G condition had an advantage at 

immediate posttest on WI (combined items) and GJT (combined items, old items) that was not maintained 

at delayed posttest because of the same group’s decrease in accuracy two weeks after treatment. Notably 

in the GJT especially, only the older bilinguals in the –G condition increase in accuracy from immediate 

to delayed posttest. 

Latency of all items.Analyses of the latency of all items showed no significant Age x 

Bilingualism x Treatment interactions or Time x Age x Language Group x Treatment interactions on any 

of the four Latin assessments, regardless of whether extreme outliers were excluded or not.  

Latency of old items. Analyses of the latency of old items showed no significant Age x 

Bilingualism x Treatment interactions or Time x Age x Language Group x Treatment interactions on any 

of the four Latin assessments, regardless of whether extreme outliers were excluded or not. 

Latency of new items. Analyses of the latency of new items showed no significant Age x 

Bilingualism x Treatment interactions or Time x Age x Language Group x Treatment interactions on any 

of the four Latin assessments, regardless of whether extreme outliers were excluded or not. 

To summarize latency results for this question, neither age group showed a change in RT over 

time that varied by the combination of bilingualism and treatment. Likewise, there was no overall effect 

in RT according to combination of age, bilingualism, and treatment, across testing times. Therefore, the 

differences in accuracy found on the WI and GJT did not co-occur with differences in change in RT. 

RQ8. The roles of attentional control, aptitude, and implicit non-linguistic motor sequence 

learning in non-primary language development. Research Question 8 asked about the roles of three 

variables (attentional control, aptitude, and non-linguistic implicit sequence learning) that could influence 

performance on the Latin assessments, both in terms of accuracy and of latency, and shed light on group 

differences found in RQ1-3. In the case of explaining effects of Age (RQ1) and of Bilingualism (RQ2), 

these three factors are considered potential mediating factors, i.e., they may be the causes for the group 
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differences found on Latin learning. In the case of explaining effects of Treatment (RQ3), the same three 

factors are considered potential moderating factors, i.e., the effect of each treatment might vary by 

attentional control, aptitude, and/or non-linguistic implicit sequence learning. 

 Potential mediating factor status was analyzed for all Latin measures that showed Time x Age or 

Time x Bilingualism differences in the ANOVAs reported in RQ1 and 2. Analysis consisted of a series of 

linear regressions establishing: (1) whether the mediating factor significantly predicted the Latin gains 

score in question and (2) when the mediating factor and Group were both independent variables in one 

regression, whether the mediating factor significantly predicted the Latin gains score. If the group factor 

no longer significantly predicted the Latin gains score, than the mediating factor fully mediates the 

relationship between Group and gains; if not, then it partially mediates the relationship. Thus, performing 

multiple linear regressions provides more detailed information about the effects of the mediating factor 

than an ANCOVA with the mediating factor as a covariate (see also Li, 2013). 

Potential moderating factor status was also investigated via linear regression. This series of 

regressions included Treatment, moderating factor (e.g., Simon effect) and the interaction between the 

two (Treatment x Simon effect) as independent variables. Dependent variables were the Latin gains 

scores that corresponded to Time x Treatment interactions in RQ3.  

In the case of both mediating and moderating factor analyses, the same RTs that were excluded 

from RM ANOVA analyses of RTs were excluded from regression analyses to prevent undue influence 

on the results. Regressions on AI and GJT accuracy gains scores were additionally repeated with the 

covariate that was significant in the ANOVAs (i.e., NAART and LatinMass, respectively). Where the 

covariates were significant, only those results are reported; where they were not significant predictors, 

only the regressions without covariates are reported. 

RQ8a. Language development and attentional control. 

Preliminary analyses. The Simon effect is measured in terms of the mean RT to congruent trials 

subtracted from the mean RT to incongruent trials. One-way ANOVAs (Age x Language Group) looking 

at mean RT and percentage error overall (incongruent and congruent trials combined) found that older 
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adults have slower RTs and make more mistakes: F(1, 87) = 67.31, p < .000, ƞp
2 
= .44, power = 1.00 and 

F(1, 87) = 11.56, p = .001, ƞp
2 
= .12, power = .92, respectively. A one-way ANOVA (Age x Language 

Group) of the Simon effect in RT returned a main effect for Age: F(1, 87) = 4.59, p = .04, ƞp
2 
= .05, 

power = .56 and a main effect for Language Group: F(1, 87) = 6.50, p = .01, ƞp
2 
= .07, power  = .71, but 

no significant interaction between the two.  The former result showed that older adults had higher conflict 

effects than younger but surprisingly, in both age groups bilinguals had higher conflict effect (poorer 

cognitive control) than monolinguals. A one-way ANOVA looking at the Simon effect in terms of 

accuracy returned no significant effects or interactions.  

For the ANT, similar analyses were run. One-way ANOVAs looking at mean RT and percentage 

error found that again, older adults were overall slower than younger: F(1, 74) = 77.25, p < .001, ƞp
2
 = 

52, power = 1.00, but unlike in the Simon task, in the ANT, younger adults made more mistakes than 

older: F(1, 72) = 5.34, p = .02, ƞp
2 
= .07, power = .63. It seems that the relative complexity of the ANT as 

compared to the Simon task inspired an increase in deliberateness in older adults that was not present in 

younger adults. One-way ANOVAs of the orienting, conflict, and alerting effects were run, both in terms 

of RT and accuracy. There were no significant effects for Age or Language Group on RT for any of the 

three effects; for error, the only significant effect was for the conflict effect, which was greater in young 

adults than older: F(1, 3) = 8.23, p < .001, ƞp
2 
= .26. Results did not differ when individual blocks of the 

ANT were analyzed separately.    
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Figure 52 illustrates the spread of the effect scores; the extreme outlier of the ANT Conflict Effect 

was excluded from subsequent analyses. 

  

Figure 52. Boxplot showing spread of attentional control scores.  

 

As a mediating factor. Since RT measures are generally used as the main index of attentional 

control, the effect scores of the Simon task and ANT in RT only were considered mediating factors. 

Neither Age nor Language Group significantly predicted performance on any of the ANT effect scores. 

As such, attentional control as measured by the ANT cannot mediate the effects of Age or Bilingualism 

on Latin learning, so further regressions were not run. Complete listings of unstandardized coefficients, p-

values, and R
2
 (variance explained or effect size) can be found in Appendix BB.  

 Both Age and Language Group significantly predicted Simon effect scores (B = 18.25, p = .03; B 

= 21.27, p = .01, respectively), such that older adults had higher effect scores than young adults and 

bilinguals had higher effect scores than monolinguals. When Simon effect scores were calculated as 

proportions (Simon effect / mean overall RT on the Simon task), the effects of Age and Language Group 

did not change, so subsequent analyses did not use proportional scores. Thus, the Simon effect was a 

potential mediating factor for significant results of Age and Language Group in the ANOVAs.  

In the case of Age effects in combined accuracy scores, the only significant difference was on the 

AI immediate posttest. When Age, Simon effect, and NAART were entered into the regression with AI 
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immediate gains as the dependent variable, Simon effect did not significantly predicted gains (B = .004, p 

= .58). Age also played a significant role in WI accuracy on old items and Production accuracy of new 

items, both at delayed posttest. However, regressions did not show a significant role for Simon effect as a 

predictor in either case (B = .01, p = .12 for the former and B = -.004, p = .65 for the latter).  

Additionally, interactions between Time and Age on latency were found on all assessments for 

combined items, WI only for old items, and WI and Production for new items. The Simon effect was 

found to mediate pre-delayed changes in RT on the AI to combined items and approach significance in 

mediating pre-delayed changes in RT on the WI to new items. As can be seen in Figure 53 below, for AI, 

older age predicted higher Simon effect scores, which in turn predicted a greater increase in RT from pre 

to delayed posttest, nearly mediating the full effect of older age in predicting an increase in RT (Age is 

very marginally significant in the regression when Simon effect is entered into the regression). For WI, 

older age again predicted higher Simon effect scores, but higher Simon effect scores predicted less 

increase in RT and Age remained a significant predictor of the increase in RT. Thus, the Simon effect was 

only a poor mediator of change in RT in the case of WI new items. 

 

To summarize thus far, the Simon effect significantly differed by age group, with older adults  

The Simon effect was also considered as a potential mediating factor of Language Group 

differences on the Latin assessments.  In analyses of combined items’ accuracy, there was a bilingual 

advantage at immediate posttest in every assessment and at delayed posttest in WI, AI, and Production. 

The mediating factor analysis found a role for Simon effect for AI delayed gains only; when repeated 

with NAART in the regression, NAART was not a significant predictor and Simon effect remained a 

Figure 53. Simon Effect as a mediator of age effects on latency. Note: Here and in following diagrams, ** = p < .01, * = p < .05, 

† = p < .10. 



 

165 

 

significant predictor. As illustrated in Figure 54, bilingualism predicted higher Simon effect scores and 

both higher Simon effect and bilingualism predicted pre-to-delayed posttest gains in AI combined 

accuracy. Therefore, cognitive control mediated the relationship between bilingualism and AI accuracy; 

surprisingly, the direction is that poorer attentional control yielded increased accuracy gains. The same 

pattern was found for mediating the effects of bilingualism on AI pre-delayed gains of new items, also 

illustrated in Figure 54. The Simon Effect did not mediate language group-related differences in accuracy 

gains of old items. 

 

To summarize, the Simon effect was a mediating factor of bilingualism effects on delayed  The 

Simon effect did not mediate effects of bilingualism on RT, of which there were few effects to begin with. 

Thus, differences in attentional control do not explain the majority of differences in performance on Latin 

assessments in this sample, but they do contribute on the aural test – in changes in RT due to aging and in 

differential accuracy gains due to bilingualism. 

As a moderating factor. Both the Simon effect and the three effects of the ANT (Orienting, 

Conflict, and Alerting) were considered potential moderating effects of Treatment. ANT RT outliers were 

excluded from analysis. To see whether the effects of Treatment varied by any measure of attentional 

control, regressions were run as outlined previously with independent variables of Treatment, one 

attentional control measure, and the interaction between the two for each of the dependent variables that 

showed effects of Treatment. Where the interaction term was a significant or marginally significant 

predictor, a median split divided the participants into groups of high scores versus low scores in the 

attentional control measure to plot the direction of the interaction. For accuracy of combined items, the 

Figure 54. Simon Effect as a mediator of language group effects on AI accuracy. 
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dependent variables (in turn) were immediate gains on the WI, AI, and Production assessments, as well as 

delayed gains on the Production assessment. Treatment x Simon effect, Treatment x ANT Orient, 

Treatment x ANT Conflict, and Treatment x ANT Alert all returned non-significant predictors. P-values 

are summarized in Appendix CC. For accuracy of old items only, the dependent variables were immediate 

gains on all assessments as well as delayed gains on Production. Again, all interaction terms returned non-

significant predictors when covariates were included. For accuracy of new items only, the dependent 

variables were immediate gains on WI, GJT, and Production, as well as delayed gains in Production. All 

interaction terms returned non-significant predictors. 

Finally, predictive values of interaction terms were also largely non-significant on regressions of 

changes in RT on the GJT (the only assessment in which there were Time x Treatment interactions in 

latency analyses). The exception was the Treatment x ANT Alerting Effect, which marginally predicted 

pre-delayed post changes in RT on the GJT, old items. As illustrated in Figure 55, the direction of the 

interaction was such that the alerting network did not play a role in RTs in the –G condition, but in the +G 

condition, participants with low alerting effect scores slowed down more than those with high alerting 

effect scores. 

 

Figure 55. ANT alerting network as a moderator of GJT change in RT, old items. 

  

In sum, by and large, attentional control did not moderate the effects of Treatment in this sample. 

Clearly, executive control (Simon effect and ANT conflict effect) did not moderate the effects of 
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treatment. However, there is some evidence that the Alerting effect moderated the effect of Treatment on 

change in RT to GJT old items. 

RQ8b. Language development and aptitude.  

Preliminary analyses. Individual scores for each subtest were calculated and descriptive statistics 

are reported in Appendix DD. In a bivariate correlation, MLAT3 and MLAT4 significantly correlated 

with each other (r = .49, p <.001), but neither one significantly correlated with MLAT5, so the subtest 

scores were kept separate in subsequent analyses.  

As a mediating factor. In a series of linear regressions, Age significantly predicted MLAT3 (B = 

4.78, p < .001) and MLAT4 scores (B = 4.54, p = .003), but not MLAT5 (B = -1.99, p = .11). 

Bilingualism significantly predicted MLAT3 and MLAT4 scores: B = 3.78, p = .003 for MLAT3; B = 

4.91, p = .001 for MLAT4. Bilingualism marginally predicted MLAT5 scores: B = 2.13, p = .088.  

Therefore, MLAT3 and MLAT4 were potential mediating factors for Age differences and MLAT3, 4, and 

5 were potential mediating factors for Language Group differences on Latin gains in accuracy and 

changes in RT. For the age differences identified in accuracy gains of combined items, when  NAART 

score was included in the analysis, only MLAT4 mediated the age difference at AI immediate posttest (B 

= .14, p = .003). Figure 56 shows that older age predicted higher aptitude and higher aptitude predicted 

greater gains. The only age difference in accuracy of old items was a marginal advantage for older adults 

at the delayed posttest in WI. Again, MLAT4 partially mediated the age effect. Figure 56 shows that older 

age predicted higher aptitude and higher aptitude predicted greater gains. The final age difference in 

accuracy was an older adult advantage on new items at the delayed posttest in Production. Neither 

MLAT3 (B = .01, p = .83) nor MLAT4 (B = .05, p = .28) mediated this age difference. Thus, MLAT4 

was the only aptitude measure to mediate age effects in accuracy. 
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Regressions of differential changes in RT due to aging found roles for MLAT3 on the immediate 

and delayed changes in RT on AI combined items. Age predicted higher MLAT3 scores, and higher 

MLAT3 scores in turn predicted a decrease in RT on the AI. In the case of pre-immediate changes in RT, 

Age no longer was a significant predictor when MLAT3 was included in the regression; in the case of 

pre-delayed changes, Age remained a significant predictor. These relationships are illustrated in Figure 

57. 

 

 For age effects in RT of new items, MLAT3 mediated the  

Figure 56. MLAT4 as a mediator of age-related accuracy gains, combined and old. 

Figure 57. MLAT3 as a mediator of age-related changes in RT. 
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Finally, MLAT3 also mediated the effect of Age on pre-delayed change in RT on the Production test, as 

illustrated in Figure 57, such that older age predicted higher MLAT3 scores and MLAT3, in turn, 

predicted an increase in RT on Production of new items. 

 In sum, MLAT3 was the only aptitude measure shown to mediate age effects on changes in RT. 

Whether higher MLAT3 scores predicted an increase in RT or a decrease in RT depended on the 

assessment: for Production of new items (delayed change in RT), it was the former, but AI combined 

items (immediate and delayed change in RT), it was the latter. 

As for mediating Language Group differences in accuracy of combined items, MLAT3 did not 

mediate the bilingual advantage on any Latin assessment; see Appendix DD for values. However, as 

demonstrated in Figure 58 below, MLAT4 and MLAT5 mediated several gains on combined-item 

analyses. In all cases, bilingualism predicted higher aptitude scores and higher aptitude, in turn, predicted 

greater gains in accuracy. 



 

170 

 

 
Figure 58. MLAT4 and MLAT5 as mediators of language-group effects on accuracy, combined items. 
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In analyses of accuracy on old items only, RQ2 reported an advantage for bilinguals on the 

delayed AI posttest and both the immediate and delayed posttests of the Production test. MLAT3 did not 

mediate the language-group effect on delayed AI gains or immediate Production gains, whereas MLAT4 

and MLAT5 were significant or marginally significant mediating factors in both cases. NAART was not a 

significant predictor in AI regressions. For delayed Production gains, MLAT3 was a marginal mediating 

factor and MLAT4 was a significant mediating factor. MLAT5 did not approach significance as a 

mediating factor. As seen in Figure 59, the relationships in all cases were again that bilinguals had higher 

aptitude scores than monolinguals and individuals with higher aptitude scores showed greater gains on 

accuracy of old items in the corresponding tests.   
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In analyses of accuracy on new items only, the dependent variables were immediate gains on each 

assessment and delayed gains on WI, AI, and Production. MLAT4 was the only aptitude measure that was 

a mediating factor; it mediated delayed gains on WI and immediate gains on AI (marginally) and GJT. 

Figure 60 illustrates these relationships. NAART was not a significant predictor in AI analyses. 

LatinMass was a significant predictor in the regression of MLAT4 immediate gains only. As before, 

bilingualism predicted higher MLAT4 scores, and higher MLAT4 scores predicted greater gains in 

accuracy on the Latin assessments. 

Figure 59. MLAT3, MLAT4, and MLAT5 as mediators of language-group effects on accuracy, old items. 
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 Thus, the bilingual advantages in accuracy were strongly related to bilinguals having higher 

aptitude than monolinguals. While MLAT4 was the most constant predictor of bilingual gains in 

accuracy, MLAT3 and MLAT5 also played roles in some cases. 

In terms of RT, there was a significant interaction between Time and Language Group only on AI 

new items. Mediating factor analyses revealed no significant role for aptitude on pre-immediate change in 

RT and a marginally significant role for MLAT3 in pre-delayed post change in RT. As illustrated in the 

figure below, when MLAT3 was included in the regression, Language Group no longer predicted the 

change in RT. 

 

Figure 61. MLAT3 as a mediator of language-group effects on RT, new items. 

Figure 60. MLAT4 as a mediator of language-group effects on accuracy, new items. 
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In sum, results showed that language-learning aptitude mediated some of the accuracy and RT 

differences on the Latin assessments that were due to aging. Aptitude was a much more powerful 

mediator of the accuracy differences on Latin assessments that were due to bilingualism, but did not often 

mediate RT differences due to bilingualism (of which there were few to begin with). Interestingly, in the 

cases of both age and language-group differences, MLAT3 was the subtest related to changes in latency 

and MLAT4 was most often the subtest related to changes in accuracy. 

As a moderating factor. RQ3 reported an advantage for the +G condition on several Latin 

assessments. Moderating factor analyses revealed that aptitude moderated the effects of Treatment on 

GJT and Production accuracy. Figure 62 below illustrates that the pattern was similar in all significant or 

marginally significant cases in gains of combined-item accuracy: in the –G condition, aptitude score did 

not make much of a difference in accuracy gains, but in the +G condition, participants with higher 

aptitude gained more than those with lower aptitude. LatinMass was significant in regressions of 

immediate GJT gains (combined, old, and new items) with MLAT3 and 4 (but not 5), and not in any AI 

analyses, regressions of delayed GJT gains of new items. NAART was not a significant predictor in any 

AI analyses. 
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 As for gains on old items only, Treatment x MLAT3 predicted immediate gains of old items on 

AI, GJT (with and without the LatinMass covariate), and Production. In addition, Treatment x MLAT4 

predicted immediate gains of old items on the GJT (with LatinMass covariate) and Treatment x MLAT5 

marginally predicted delayed gains on Production. Again, in the +G condition, high-aptitude participants 

gained more than low-aptitude participants. In the –G condition, either aptitude did not play a role in 

gains in high-aptitude participants gained less than low-aptitude participants. Findings are illustrated in 

Figure 63. 

Figure 62. MLAT3, 4, and 5 as moderators of Treatment oon combined accuracy. 
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For accuracy gains on new items, findings were limited to Treatment x MLAT4 predicting 

immediate gains on the GJT (with the LatinMass covariate), as illustrated in Figure 64. The direction of 

Figure 63. MLAT3, 4, and 5 as moderators of Treatment gains on accuracy of old items. 
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the moderation largely followed that seen in the analyses with combined items, except with GJT old 

items.  As seen with combined and old items, high-aptitude participants gained more than low-aptitude 

participants in the +G condition only; in fact, here, high-aptitude participants in the +G condition were the 

only ones to show gains.  

 

Figure 64. MLAT4 as a moderator of treatment on accuracy, new items. 

 To summarize the moderating effect of aptitude on accuracy by treatment, high aptitude was most 

advantageous in the +G condition. In the –G condition, aptitude either did not have an effect or low 

aptitude yielded slightly greater gains than high aptitude. This latter finding was greatest in the analysis of 

MLAT3 in pre-immediate gains of GJT old items. 

MLAT3 x Treatment, and MLAT5 x Treatment did not significantly predict any significant 

changes in RT that interacted with Treatment, but MLAT4 x Treatment was a significant or marginally 

significant predictor in all cases. For pre-immediate change in RT (combined items, old items) and pre-

delayed change in RT (old items only), the direction of the interaction was that participants with low 

MLAT4 scores slowed down in the +G condition but the same group sped up in the –G condition. 

Participants with high MLAT4 scores showed little change in RT regardless of instructional condition. In 

contrast, in the case of pre-delayed change in RT on combined items of the GJT, MLAT4 score did not 

play a role in determining the change in RT for +G condition participants, but in the –G condition, 
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participants with low MLAT4 scores sped up more than those with high MLAT4 scores. Figure 65 

illustrates the findings for combined items and Figure 66, for old items. 

 

 

 

 

Therefore, in sum, the +G condition’s advantage in accuracy was largest for high-aptitude 

participants. In the same condition, high-aptitude participants tended to not show a change in RT on the 

GJT. In the –G condition, aptitude did not generally play a role in determining accuracy gains, but it did 

play a role determining change in RT: low-aptitude participants sped up while high-aptitude participants 

showed little change in RT. Thus, the low-aptitude participants in the –G condition may have been trading 

accuracy for speed. In the +G condition, low-aptitude participants did not gain in accuracy even though 

they did slow their RTs. 

Figure 65. MLAT4 as a moderator of treatment on RT, combined items. 

Figure 66. MLAT4 as a mediator of treatment on RT, old items. 
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RQ8c. Language development and non-linguistic implicit sequence learning.  

Preliminary analyses. Individual scores were calculated for mean of median RT of accurate 

responses and mean accuracy of all trials for each Epoch (of 6) and each Triplet Type (High or Low; 

hereafter, TT). Data from one older monolingual, one older bilingual, and one younger bilingual were lost 

due to technical difficulties. In addition, data from one younger bilingual was not included because he 

reported having participated in previous studies using the ASRT. The debriefing questionnaire was 

designed to solicit reports of awareness of repeating sequences in the task. No participant was able to 

accurately describe a sequence that repeated in the task. Those who reported noticing a pattern cited only 

examples of repetitions (e.g., 222) or trills (e.g., 313), neither of which are included in analyses.  

The final step of the questionnaire was to sort a deck of cards representing triplets into two 

stacks: more and less frequently seen sequences. Two older monolinguals insisted that they were not able 

to sort the cards, even by guessing. For each of the other participants, a 2 x 2 chi-squared analysis 

(Expected Frequency v. Sorted Frequency) was conducted to determine if any participant showed 

awareness of high v. low frequency in how they sorted the cards. For three participants (one older 

monolingual, one older bilingual, one young monolingual), results returned significant (p > .05), showing 

that they did have some level of awareness. These three participants were excluded from subsequent 

analyses. Thus, the total sample size for this task is N = 87. 

A repeated-measures ANOVA with two within-subjects factors (TT and Epoch) and two 

between-subjects factors (Age and Language Group) was run on mean of median RT (on accurate trials 

only) and mean accuracy scores to investigate levels of sequence learning across the sample. Results of 

the RT analysis returned significant main effects for Epoch (sphericity violated): F(1.92, 159.63) = 65.63, 

p < .001, ƞp
2 
= .44, observed power = 1.00; for TT: F(1, 83) = 70.35, p < .001, ƞp

2 
= .46, observed power = 

1.00, and for Age: F(1, 83) = 90.60, p < .001, ƞp
2 
= .52, observed power = 1.00. Thus, RT generally 

decreased across time (showing skill learning), RTs were lower for less-frequent triplets (showing 

sequence learning), and young adults responded more quickly than older adults (showing age effects in 

RT). In addition, the Epoch x TT interaction approached significance (violating sphericity): F(4.125, 
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165.34) = 2.21, p = .07, ƞp
2 
= .03, observed power = .66, suggesting that the difference in RT to high v. 

low frequency increased over time. This interaction did not vary by Age or Language Group. RTs are 

plotted in Figure 67 (older adults) and Figure 68 (young adults) below.  

 

Figure 67. ASRT older adults' mean of median RT by Epoch, Language Group, and TT. 

 

Figure 68. ASRT young adults' mean of median RT by Epoch, Language Group, and TT. 

Results of the accuracy ANOVA were similar, but also suggest a role for bilingualism. The main 

effects of Epoch, TT, and Age again were significant: F(3.71, 307.49) = 7.24, p < .001, ƞp
2 
= .08, 

observed power = 1.00; F(1, 83) = 99.30, p < .001, ƞp
2 
= .55, observed power = 1.00; F(1, 83) = 46.95, p 

< .001, ƞp
2 
= .36, observed power = 1.00. These results show that accuracy decreased slightly over time, 

that participants responded more accurately to high-frequency triplets, and that older adults were more 

accurate than young adults were. Additionally, there was a significant main effect for Language Group: 

F(1, 86) = 4.27, p = .04, ƞp
2 
= .05, observed power = .53, such that Bilinguals had higher accuracy than 

Monolinguals. The Epoch x TT interaction was again significant: F(5, 415) = 3.49, p = .004, ƞp
2 
= .04, 
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observed power = .91, showing that the differences in accuracy by TT increased over time, evidence of 

sequence learning. Interestingly, in this analysis Epoch x Language Group was marginally significant: 

F(3.71, 307.49) = 2.08, p = .09, ƞp
2 
= .02, observed power = .59. The TT x Language Group interaction 

also approached significance: F(1, 83) = 2.86, p = .095, ƞp
2 
= .03, observed power = .39, with 

monolinguals showing a greater TT effect (greater sequence learning) than bilinguals. As seen in Figure 

69, these two marginal effects seem to be carried by particularly low accuracy on low-frequency triplets 

in the young monolinguals.  

 

Figure 69. ASRT Accuracy by Epoch, Age, Language Group, and TT. 

It is common in the ASRT that RT and accuracy analyses show slightly different patterns of 

results, and since an individual could express implicit sequence learning in RT but not accuracy, or vice 

versa, composite scores for created for each individual. First, learning scores for RT and accuracy were 

calculated for each Epoch of each individual. (For RT, the learning score was subtracting RT to high-

frequency triplets from RT to low-frequency triplets; for accuracy, it was the reverse, so that in each case, 

a larger score indicated more learning.) These scores were then standardized by subtracting each one from 

the group mean and dividing the result by the group standard deviation. The standardized scores were 

then collapsed across epochs. Finally, each participant’s standardized RT score was added to their 

standardized accuracy score to yield one composite learning score per participant. The composite learning 

scores were entered into regressions similar to the procedures followed with attentional control and 
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aptitude scores, to analyze ASRT performance as a potential mediating factor of Age and Language 

Group differences and a potential moderating factor of Treatment. Figure 70 shows that there were no 

extreme outliers of this measure. 

 

Figure 70. Boxplot showing the spread of ASRT Composite Learning scores. 

 As a mediating factor. A series of linear regressions showed that Age was a significant predictor 

of the ASRT composite learning score (B = -.09, p = .03, R
2
 = .05), such that young adults had higher 

composite learning scores than older adults. Bilingualism did not predict the ASRT composite learning 

score (B = -.002, p = .96), indicating that when taking into account learning expressed via RT and 

learning expressed via accuracy, there was no effect for bilingualism. Thus, the ASRT composite learning 

score was considered a potential mediating factor for age effects, but not language group effects, in the 

Latin assessments.   Results from RQ1 showed an age effect on at the immediate posttest of AI 

(combined accuracy). However, the regression including Age, ASRT Composite Learning, and NAART 

returned only NAART as a significant predictor (B = -.16, p = .01) and Age as a very marginally 

significant predictor (B = -1.34, p = .098). ASRT Composite Learning was not a significant predictor (B = 

.11, p = .68). Likewise, ASRT Composite Learning was not a significant predictor in the regressions for 

WI delayed gains on old items or Production delayed gains on new items. These results did not change 

when repeated with composite proportional scores. Therefore, ASRT scores were not found to mediate 

age differences in accuracy on the Latin assessments.Next, regression analyses were run on the changes in 

RT that differed by age group. As illustrated in the figures below, ASRT composite learning score 

significantly mediated the effects of age on WI pre-immediate change in RT (combined items, old items) 
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and marginally significantly mediated the same on WI pre-delayed change in RT (old items) and WI pre-

immediate change in RT (new items). In all cases, younger age predicted higher ASRT composite 

learning scores, and higher ASRT composite learning scores predicted an increase in RT over time. 

However, note that in all cases, older age remained a powerful predictor of increase of RT, indicating that 

the ASRT composite learning score only mediated a small portion of the variance. See Figure 71 for 

graphical representations of the 

mediations.

 

  

As a moderating factor. As with attentional control and aptitude, the Treatment x ASRT Composite 

Learning interaction, along with Treatment and ASRT Composite Learning individually, was entered into 

a series of regressions corresponding to the main effects for Treatment in the RM ANOVAs, to see if 

implicit sequence learning ability played a different role according to the explicitness of the instructional 

condition. In all regressions with accuracy gains, the interaction term was not a significant predictor (see 

Figure 71. ASRT as a mediator of age effects on RT (combined, old, and new items). 
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Appendix FF for p-values). Thus, implicit sequence learning ability was not found to moderate the effects 

of treatment on Latin accuracy. 

However, in regressions of change in RT, the ASRT Composite Learning x Treatment interaction 

was a significant predictor of pre-delayed post change in GJT RT, combined items and old items. As seen 

in Figure 72, in the first case, participants in the +G condition with high ASRT scores increased their RT 

more than those with low ASRT scores, while in the –G condition, ASRT score did not play a role in 

determining change in RT. For pre-delayed change in RT of old items only, the pattern was opposite to 

that found with combined items: In the –G condition, high-ASRT participants decreased their speed more 

than low-ASRT participants, and there was little role for ASRT in determining change in RT in the +G 

condition. Additionally, ASRT Composite Learning x Treatment marginally significantly predicted pre-

immediate post change in RT to old items on the GJT, in the same direction as the significant finding for 

pre-delayed post change in RT to old items, as illustrated in Figure 73. Regressions were not run on 

change in RT to new items, since there was no significant Time x Treatment interaction for that analysis 

in RQ3, but the fact that the role of the ASRT x Treatment interaction was very different in combined-

items versus in old-items-only of the GJT suggests that whether an item had been present in treatment or 

not affected whether implicit sequence learning moderated the effect of each instructional condition. 

When old and new items were combined, ASRT score moderated the effects of the more explicit 

treatment on increasing RT, whereas when only old items were analyzed, ASRT moderated the effects of 

the less explicit treatment on decreasing RT. The moderating effect in the –G condition is evidence that 

the less explicit treatment was more amenable to implicit learning: higher implicit learning ability yielded 

a greater reduction in RT in this condition without a cost to accuracy: recall from RQ3 that the lack of a 

group difference in Treatment in accuracy on the delayed posttest of GJT was due to a decrease in 

performance of the +G condition. 
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Figure 72. ASRT as a moderator of treatment on RT, combined items. 

 

 

  

To summarize, implicit sequence learning ability varied by age, with young adults outperforming 

older adults. When RT and accuracy were considered separately, monolinguals had higher learning scores 

than bilinguals did, but when RT and accuracy were combined into a composite score, the effect of 

bilingualism was removed. Composite implicit learning scores did not mediate the effects of age on 

accuracy gains in the Latin assessments, but there was some evidence for mediation of effects of age on 

changes in RT, although the strongest predictor remained Age. Finally, composite implicit learning scores 

did not moderate the effects of treatment on accuracy, but did moderate the effects of treatment on RT. 

Overall, non-linguistic implicit learning ability is more closely related to speed of response than to 

accuracy when learning a non-primary language.   

Figure 73. ASRT as a moderator of treatment on RT, old items. 
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 To summarize the roles of attentional control, aptitude, and implicit sequence learning found in 

answer to RQ8, aptitude is the factor that explains the greatest number of interactions, especially those 

due to Language Group. MLAT4 (grammatical sensitivity) was the predictor of the most gains, although 

MLAT3 (phonemic coding) played a role in some age differences and MLAT5 (rote memory) in some 

language-group differences. In addition, aptitude generally moderated the effects of Treatment, such that 

high-aptitude participants gained more than low-aptitude in the +G condition, but there was less of an 

effect of aptitude in the –G condition. This suggests that aptitude as measured by the MLAT is an explicit, 

not implicit, type of language ability. As for attentional control, the ANT was not considered as a 

potential mediator since neither Age nor Bilingualism predicted any of the three effects (orienting, 

conflict, or alerting). The Simon effect was a potential mediator, and was found to mediate age effects on 

change in WI RT, such that older age predicted poorer cognitive control, which in turn predicted an 

increase in RT over time. In addition, the Simon effect mediated language-group differences in accuracy 

gains on AI, although in the surprising direction that bilingualism predicted higher Simon effect scores, 

which in turn predicted greater accuracy gains. The ANT Orienting effect moderated accuracy gains by 

Treatment: in the +G condition on old items of the GJT, participants with high orienting effect scores 

gained more than those with low scores and the opposite was true in the –G condition. In addition, the 

ANT Alerting effect moderated the effects of treatment on pre-delayed post change in RT of GJT old 

items: participants with low alerting scores increased their RT in the +G condition but not in the –G 

condition. Finally, implicit sequence learning did not mediate or moderate any effects on accuracy, but 

did for RT. ASRT composite learning score mediated the effect of age on change in RT in WI, although 

age remained the main predictor. ASRT composite learning score also moderated the effect of treatment 

on change in RT in the GJT, with an effect for implicit learning ability in the +G condition only when 

predicting change in RT of combined items but when predicting change in RT of old items only, the 

effect was in the –G condition only. 

  



 

187 

 

Chapter 5: Discussion and Conclusions 

This discussion is interprets the findings of main effects and their mediating and moderating 

factors (starting with the internal variables of age and bilingualism and then adding the external variable 

of instructional condition) on participants’ Latin development. First, preliminary analyses of overall non-

primary language development will be reviewed. Second, the findings from RQ1, the effect of age, and 

the factors that mediated that effect, will be reviewed and related to previous literature. Next, RQ2, the 

effect of bilingualism, will also be discussed in relation to relevant mediating factors. Then, the 

interactions between age and bilingualism will be considered (RQ6). Subsequently, the role of 

instructional condition will be addressed, reviewing the findings from RQ3, as well as the relevant 

moderating factor analyses. Finally, the remaining interactions between group variables will be reviewed 

and related to previous literature: interactions between age and condition (RQ4), between bilingualism 

and condition (RQ5), and between age, treatment, and bilingualism (RQ7). 

Preliminary Analyses 

Repeated-measures ANOVAs showed significant learning over time for the whole sample on 

accuracy measures (combined items, old items, and new items) of each of the four Latin assessments: WI, 

AI, GJT, and Production. Moreover, the cue analysis also showed an increase in accuracy over time, 

specifically for accuracy on AGR and CASE items, while accuracy on SVO items largely remained 

constant over time. In contrast, changes in RT over time were only found on the WI and Production 

analyses. When separating items based on whether they were seen in treatment, latency analyses of old 

items also found a significant effect for Time on WI and Production assessments only; latency analyses of 

new items found a significant effect for Time on WI only. Therefore, accuracy analyses clearly show 

development in the non-primary language over time, whereas latency analyses are slightly less clear. 

The Role of Age in Non-Primary Language Development  

Hypothesis 1 stated that there would be no age differences in accuracy at immediate posttest, but 

that older adults would have an advantage at the delayed posttest. Analyses performed on accuracy 
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measures of Latin WI, AI, GJT and Production assessments showed very few effects for Age in learning 

over time, thereby largely confirming this hypothesis and Lenet et al.’s (2011) general finding of no 

disadvantage for older adults in early stages of non-primary language development. When old and new 

items were combined, only the AI immediate posttest yielded a significant difference, in which young 

adults outperformed older. It is not surprising that an age effect would turn up on the AI, since it is the 

most time-constrained of the tests: the item is played once and once only; whereas in the written-mode 

tests, participants can reread as much as they like. Importantly, even this age difference was only found at 

the immediate posttest, meaning that older adults had greater difficulty applying knowledge from training 

to interpreting aurally presented sentences immediately after completing training (whether that training 

was solely task-essential practice or also included a grammar explanation); nevertheless, in transitioning 

from immediate to delayed posttest, older adults’ accuracy scores slightly improved while young adults’ 

showed regression to the mean, effectively removing the age difference in performance when calling on 

knowledge from two weeks earlier. While young adults’ higher levels of accuracy at the immediate 

posttest could mean that they had more to potentially forget two weeks later, this does not explain why 

older adults’ scores would increase at the delayed posttest. Observed power was generally low (< .50) in 

non-significant analyses, suggesting that significant age differences could be found with a larger sample, 

but since effect sizes were also fairly small (< .04), the increase in sample size would have to be quite 

large to find significant effects. Thus, even if differences were found with a larger sample, they would not 

likely be very meaningful.  

Interestingly, when old items were analyzed separately, older adults trended toward having an 

advantage over young adults on WI: while young adults showed regression to the mean from immediate 

to delayed posttest, older adults showed a slight increase in accuracy. A similar result obtained on the 

analysis of accuracy of new items in Production. These findings support the second half of Hypothesis 1. 

Although in both cases the follow-up one-way ANOVAs were only marginally significant with effect 

sizes in the range of .03-.04 (small-medium) and low observed power, that the Time x Age interaction in 

WI was significant even with this sample size and that the same pattern obtained on the two tests also 



 

189 

 

implies that the result is not an anomaly. The timing of this possible older adult advantage suggests that 

older adults may, in fact, rely more on implicit learning mechanisms during language learning than young 

adults do, since implicit learning is associated with long-term gains (DeKeyser, 2003). An alternative 

explanation could be that older adults have an advantage in consolidation of explicit knowledge, but 

research in cognitive psychology does not back such a hypothesis: studies show that older adults are at 

best equivalent to young adults in consolidation of explicit learning (e.g., Wilson, Baran, Pace-Schott, 

Ivry, & Spencer, 2012) and at worst, impaired (Spencer, Gouw, & Ivry, 2007). In addition, the relative 

maintenance of implicit learning compared to explicit learning in older adults (Howard & Howard, 2014) 

supports the implicit-learning mechanism explanation. Notably, the trend toward an older adult advantage 

appeared on the two written assessments (interpretation and production), possibly because neither carries 

time constraints (which could inhibit older adult performance, as in the AI combined-item accuracy 

analysis) or metalinguistic judgments likely to figure into GJT performance with unlimited time (R. Ellis, 

2005), as those two factors would not be aided by implicit learning mechanisms.  

When WI and AI scores were combined to analyze the roles of sentences favoring different cue 

types, there was an interaction between Age and Cue Type at the delayed posttest only. Young adults had 

marginally superior retention of knowledge relating to AGR items, as at immediate post, there was no age 

difference, and from immediate to delayed posttest, older adults’ accuracy decreased where young adults’ 

did not. At the same time, older adults had marginally superior accuracy on SVO items than young adults 

did, suggesting that they did not learn to mistrust the SVO word order cue as much as young adults did, or 

that older adults were better able to judge whether the SVO cue was a reliable cue in a given item. In both 

cases, the age differences were only marginally significant, and all follow-ups had low observed power 

and small-medium effect sizes, so they likely would be significant in a larger sample size or with more 

items per cue type. Again, the interaction was significant, so the trends toward significance are not likely 

anomalies. Age differences in accuracy on CASE items were not marginally significant, but observed 

power was again very low and the effect size only slightly smaller than in AGR or SVO items (ƞp
2 
= .03 

versus .04), so it cannot be concluded that there are no age differences in accuracy of items that can only 
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be interpreted using case morphology. If there is a difference, it is again in the direction of an older adult 

advantage. In sum, the cue analysis suggests that although in this sample, there were no age differences in 

AI at the delayed posttest, and in the WI the effects of age were limited to accuracy on old items, overall, 

cue hierarchies may differ by age two weeks after treatment. While young adults showed greater retention 

of the novel AGR cue, older adults showed less aversion to using the SVO cue when applicable and 

possibly greater retention of CASE, the most novel and most complex of the cues. Note that while the 

AGR cue was not entirely novel to bilingual participants, if a bilingual advantage were carrying young 

adults’ retention of AGR, then older adult bilinguals would be expected to have an advantage as well. 

Moreover, the Time x CueType x Age x Language Group interaction was not significant, suggesting that 

age and bilingualism did not interact. Finally, although the differences discussed here are only marginally 

significant, given the group means found in this study, at the least it is very unlikely that young adults 

would have an advantage on SVO or CASE items in a replication with a larger sample size. Thus, it is 

possible to conclude that, in this study, young adults did not generally have an advantage over older 

adults on accuracy measures of non-primary language development. In a few cases, there is evidence of 

an older adult advantage, and in the remaining cases, there is no evidence for age differences but we 

cannot conclude whether age differences would be found with more power. 

The mediating factors considered here (attentional control, aptitude, and non-linguistic implicit 

sequence learning) shed some light on the nature of the language learning in each age group. None of the 

attentional control measures were mediating factors of age differences in accuracy, nor was the ASRT 

composite learning score a mediating factor of accuracy; therefore, the hypotheses that predicted that 

attentional control and implicit learning ability would mediate age differences were not upheld for 

accuracy gains. Both attentional control and implicit sequence learning did relate to change in RT over 

time as determined by age on WI and Production, the only two assessments to show significant Age 

differences. Thus, these factors had fine-grained rather than coarse relationships with age effects in non-

primary language development. Moreover, other tests of implicit learning, such as the Tower of London 

and the Weather Prediction Task might have yielded different results than the ASRT did: each test likely 
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taps a slightly different variation of implicit learning. Finally, the older adult advantages in accuracy were 

generally trends toward significance; increasing power to locate a significant difference may also increase 

the power to find a relationship between ASRT scores and Latin accuracy outcomes.  

There was no directional hypothesis regarding the role of aptitude on age-related gains in 

accuracy. However, one subcomponent of aptitude, the MLAT4 (grammatical sensitivity), mediated age-

related effects on accuracy. For AI immediate combined-item gains, the direct effect of Age was less gain 

in accuracy, but the indirect effect was increased gain due to higher MLAT4 scores. Therefore, even 

though older adults had lower gains than young adults, they benefitted somewhat from having higher 

grammatical sensitivity than young adults had. MLAT4 was a more powerful mediator in delayed gains of 

old items on WI: There, the direct effect was that older adults had higher gains in accuracy than young 

adults, and the indirect effect was that MLAT4 score also predicted higher gains, to the extent that when 

MLAT4 and Age were both included in a regression, Age no longer significantly predicted accuracy 

gains. Thus, the older adults’ gains in accuracy on this test were due to their higher grammatical 

sensitivity as compared to young adults. The finding that older adults have higher grammatical sensitivity 

than young adults is a novel one, suggests that aptitude can change over the lifespan rather than being a 

constant (c.f. Harley & Hart, 1997), and yields an important advantage to the older adult language learner. 

Moreover, it is not likely that this finding could have been carried by older bilinguals since older 

bilinguals self-rated their L2 proficiency as the same level or lower to young adults’ self-rated L2 

proficiency.  Interestingly, the older adult advantage in Production of new items was not mediated by any 

factor considered here, which may mean it was caused by an outside factor, or may be due to low power 

in the current sample (as the result in the RM ANOVA was only marginally significant). Likewise, the 

mediating factor analysis shows that increased aptitude yielded some benefit to older adults on immediate 

gains on the AI combined items, but not enough to overcome the disadvantage of the direct effect of 

aging. Thus, the current study cannot state empirically what part of cognitive aging yielded that 

disadvantage. One hypothesis would be working memory capacity, since aural presentation of stimuli 

draws more on storage and rehearsal than the written presentation of stimuli in other tests.  
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In terms of RT, Hypothesis 1 was supported: young adults consistently responded more quickly 

than older adults at each testing time of every Latin assessment; however, this would be expected in any 

task and has little to do with the particularities of non-native language processing (Park, 2000). More 

interesting to consider is when Time x Age interacted significantly in the RT analyses. Such a significant 

interaction was found for WI in combined items, old items only, and new items only. On combined items, 

we saw that older adults increased their RT at each testing time, whereas younger adults decreased their 

RT from pre to immediate post and then increased slightly at delayed post. This suggests that older adults 

take a more deliberate approach to WI, perhaps realizing that since the information they need is laid out 

before them, taking their time yields results – a strategy that seems to have paid off since older adults’ 

accuracy was equivalent to that of young adults’ on WI combined items (as opposed to the young adult 

advantage found on the AI immediate posttest). When looking at just old items of WI, the difference in 

change in RT over time seems to be that young adults reduced their speed from pre to immediate posttest 

while older adults’ RTs remained constant or increased slightly; from immediate to delayed post, older 

adults increased their RT notably while young adults only slightly increased their RT. However, the RTs 

of older adults were always slower and more variable than those of young adults, as is often found in the 

aging literature, so comparing the degree of change of the two groups is difficult. Therefore, older adults 

exhibited a slowdown at delayed post on WI old items that accompanied their trend toward an advantage 

in accuracy on WI old items, but this analysis cannot say whether older adults slowed more than young 

adults did. The latency pattern for new items of WI across time was largely the same as that seen for old 

items. Thus, older adults’ deliberate approach on WI is most clearly seen at the immediate posttest on 

new items, when they are first incorporating the information from training into their responses. 

The Time x Age interaction was also significant on the latency of GJT new items and marginally 

significant on the combined items. On new items, young adults generally did not change their RT over 

time, while older adults increased their RT from pre to immediate post and maintained that speed or 

slightly sped up from immediate to delayed post. The marginally significant interaction on combined 

items followed the same pattern. Since the young adults’ mean GJT RTs were the lowest found on any 
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assessment, hovering around 4000 ms, it is possible that these data show a floor effect and young adults 

could not increase their speed beyond the speed at which they started. Notably, there were no Time x Age 

interactions for accuracy on the GJT, so the fast speed of the young adults is not indicative of a speed-

accuracy trade-off. 

RTs on Production (combined items, new items only) also showed a significant Time x Age 

interaction: While both age groups decreased RT from pre to immediate post, indicating familiarity with 

the task, older adults decreased their RT further from immediate to delayed posttest while young adults’ 

RT remained constant in that timeframe or even increased slightly. It is interesting to note that it was at 

delayed post that older adults trended toward higher accuracy than young adults in Production new items, 

but that this increased accuracy was accompanied by a small decrease, not increase, in RT for older 

adults. Due to the nature of the Production task, all RTs were much greater in this task than in the other 

three, so a decrease in older adults’ RTs from immediate to delayed post does not mean that they were 

taking a less deliberate approach in Production than in WI – the mean RT for Production was still much 

greater than for WI. Instead, since Production required drag-and-drop use of the mouse that no other part 

of the training or testing did, the continued decrease in older adults’ RT may be an effect of increasing 

familiarity with the task, and it may have only been seen in older adults since young adults likely had 

more prior experience, and thus comfort, with drag-and-drop procedures. The decrease in RT in older 

adults may also index increasing familiarity with the linguistic aspect of the task, which was also more 

challenging than the linguistic features of the other assessments: Production alone requires processing the 

meaning of suffixes and roots to combine them, forming words and sentences. Increasing familiarity with 

the linguistic task would explain both the decrease in RT and the increase in accuracy for older adults 

found for new items on the Production test.  

Finally, the Time x Age interaction was marginally significant for AI combined items and with a 

small-medium effect size and medium-low power, so a significant interaction may be found with a slight 

increase in sample size. The marginally significant interaction seems to largely stem from older adults’ 

increase in RT from immediate to delayed post while younger adults maintained their RT in the same 
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timeframe. The older adult slowdown from immediate to delayed posttest suggests more effortful recall 

two weeks after treatment than young adults experienced; however, the lack of an effect in accuracy 

during this timeframe shows that older adults were able to recall as much as younger adults, just taking 

more time to do so. Thus, this finding along with those of the WI and GJT assessments suggest that older 

adults were largely able to match young adult performance by taking their time. 

Since there were more Age effects in RT than in accuracy, more mediating factors yielded results 

in explaining age effects in RT than they did for accuracy. In RT analyses, hypotheses from RQ8 were 

upheld: The Simon effect mediated pre-delayed post changes in RT on AI (combined items) and WI (new 

items). In the former case, older age predicted poorer cognitive control, which in turn predicted an 

increase in RT, almost fully mediating the predictive power of Age on change in RT. In other words, the 

increase in RT across time seen in older adults but not young adults on the AI combined items is due to 

older adults’ generally poorer attentional control. Mackey and Sachs (2012) also found that cognitive 

capacity restricted older adult SLA, although their finding was specifically that only older adults with 

high WMC progressed through stages of question formation. In the current study, the effect is more fine-

grained, with poorer attentional control predicting slower RTs in older adults but not determining their 

learning as measured by accuracy. Thus, even though the current participants likely had superior 

cognitive control to Mackey and Sachs’ participants due to their higher levels of education, the decrease 

in control due to cognitive aging still played something of a role in their language learning processes.  

In the second case, that of the Simon effect mediating the effects of Age on pre-delayed post 

change in RT in WI new items, Age predicted an increase in RT, but the mediation showed that Age 

predicted poorer cognitive control, which in turn predicted a decrease in RT. Thus, older adults in general 

slowed down from pre to delayed posttest on WI new items, but poorer attentional control contributed to 

lesser slowdowns. If faster RTs are considered advantageous, then in this case, poorer cognitive control 

yielded something of a benefit to older adults: it kept their RTs from increasing, although not enough to 

overcome the direct effect of cognitive aging, which remained a highly significant predictor of a 

slowdown.  
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There was no directional hypothesis for the role of aptitude in determining age effects, but in RT 

as in accuracy, significant findings obtained. MLAT3 (phonemic coding) mediated the effects of Age on 

pre-immediate and pre-delayed change in RT on AI combined items, and on pre-delayed change in RT on 

new items. In the first two cases, the direct effect of Age was an increase in RT, but the indirect effect via 

MLAT3 score was a reduction in RT. Thus, having higher MLAT3 scores aided older adults in 

maintaining response speed, although not enough to overcome the direct effect of age. In the latter case, 

the direct effect of Age was a decrease in RT to new items on Production and the indirect effect of 

MLAT3 scores was an increase. Although the directionality differs from the finding with AI, the 

interpretation is similar: older adults’ latency was somewhat affected by their MLAT3 scores, but not 

enough to overcome the direct effect of aging. It is interesting that MLAT3, phonemic coding, was the 

only aptitude subtest to mediate age effects on latency. This suggests that sound-symbol encoding ability, 

rather than grammatical sensitivity or rote memory, was behind older adults’ RTs. Clearly, sound-symbol 

encoding ability would be very helpful in interpreting aural stimuli: Although words are not written out 

during AI, adult learners of any age are likely to relate sounds to the written words that they saw earlier, 

so it makes sense that participants who are able to do so easily do not slow down as much on the AI as 

other participants. In the case of the finding for Production of new items, participants with higher 

phonemic coding ability slowed down more over time, suggesting that on this test, those participants used 

their phonemic coding ability to deliberately process the stimuli and produce a sentence, rather than to 

minimize effects on speed. However, this slowdown due to phonemic coding was not large enough an 

effect to counteract the overall decrease in RT that older adults experienced, which again, may have been 

due to increasing familiarity with the technological and linguistic demands of the task.   

Finally, implicit sequence learning as indexed by the ASRT composite learning score also 

partially mediated the effects of age on RT. This significant finding supports the hypothesis from RQ8 

that implicit learning ability mediates age effects in language learning. For pre-immediate post change in 

WI RT (combined items and old items), the main effect of Age was that older adults slowed down. 

However, the indirect effect via ASRT score was that young age predicted greater implicit learning 
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ability, which in turn predicted a slowdown in RT. However, the indirect effect only partially mediated 

the effect of age – the direct effect of Age on RT remained significant. The direction of the partial 

mediation is surprising, because if participants were using implicit abilities in the Latin assessments, one 

would expect faster speeds (a decrease in RT; DeKeyser, 2003).  However, previous studies relating non-

linguistic implicit learning or aptitude to language learning (e.g., Morgan-Short et al., under review; 

Granena, 2012) have only related implicit aptitude to accuracy outcomes, not RT, so it is hard to say 

whether this finding is anomalous or valid.   

In sum, then, older adults were more likely to be disadvantaged compared to young adults in 

response speed than in accuracy in the early stages of learning a novel non-primary language. In fact, 

older adults displayed a trend toward an advantage in accuracy two weeks after training on WI old items 

and Production new items, due to contributions from grammatical sensitivity (MLAT4), in at least the 

former case. On the assessment with greatest time constraints, AI, older adults had a disadvantage in 

accuracy that was not explained by either of the possible mediating factors considered here. However, 

older adults’ increases in RT over time on the same assessment (AI) were explained in part by poorer 

attentional control, confirming that the AI is the most cognitively challenging of the four assessments. 

Phonemic coding ability also mediated the effect of age on RT, although not in the direction of explaining 

the significant interaction found in the ANOVA: on the AI, phonemic coding ability predicted less 

slowdown when aging in general predicted a clear slowdown, and on Production, phonemic coding ability 

predicted a slowdown, when aging in general predicted a speed-up. Likewise, higher ASRT composite 

learning scores were related to young adults and to increasingly slow response times, whereas the main 

effect of Age still predicted older adults’ increasingly slow response times. 

Young adults also had an advantage in accuracy on AGR items at the delayed posttest; possibly, 

young adults had better retention of the cue hierarchy for processing semantic roles in Latin that they had 

formed after treatment. This finding can be supported by the fact that older adults have less flexible 

schemata for incorporating new ideas (Park, 2000). Older adults’ reversion to some extent back to their 

L1 schemata at the delayed posttest may have been a disadvantage for them in AGR accuracy, but led 
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them to approach an advantage on SVO items. Notably, both young and older adults showed lesser gains 

in accuracy on items where the only informative cue was case morphology, a morphologically complex 

cue and the only completely novel cue, so even though the young adults showed an advantage in changing 

their cue hierarchy or schema, this flexibility was limited to the simpler of the two new cues; i.e., AGR 

rather than CASE. (Of course, the AGR cue was not new for bilinguals, but this would not be expected to 

contribute to an overall young adult advantage, since older bilinguals would have the same prior 

knowledge.) Stafford et al. (2010) reported no significant interactions between age and cue type in 

interpretation accuracy, but their participants’ average age at testing time was 25-32, so cognitive aging 

would not be expected to play as large a role as in the current study. 

The Role of Bilingualism in Non-Primary Language Development 

Hypothesis 2 predicted that bilinguals would have higher accuracy scores than monolinguals, 

following other laboratory studies (e.g., Lado, 2008) as well as naturalistic classroom studies (e.g. Sanz, 

2000, 2007). Analyses of accuracy on WI, AI, GJT and Production assessments revealed several 

significant interactions between Time and Bilingualism, showing that Bilingualism plays a facilitative 

role in early stages of non-primary language development. This confirms previous studies’ reports of 

bilingual advantages in general L3 proficiency (e.g., Sanz, 2000, 2007) and also replicates the bilingual 

advantage found in other Latin Project studies (Lado, 2008; Lin, 2009), extending the latter to include 

older adult bilinguals as well as young adult bilinguals. Specifically, bilinguals outperformed 

monolinguals on immediate and delayed WI posttests, the delayed AI posttest, and the GJT immediate 

posttest. Additionally, the bilingual advantage approached significance on the immediate AI posttest and 

(very marginally) on the GJT delayed posttest; these two marginal results were accompanied by low 

power and also by small-medium effect sizes, suggesting that it would take a much larger sample to find a 

significant difference. Finally, bilinguals outperformed monolinguals on the Production assessment at 

every testing time, with the effect size increasing from pre to immediate posttest. 
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The lack of a bilingual advantage on pretests for the input-based tests indicates that bilinguals did 

not start with an advantage in the most initial stages of exposure to Latin. However, the bilingual 

advantage in the Production pretest suggests that by the time bilinguals had worked through three input-

based tests (in random order), they had formed some hypotheses or strategies that were more accurate 

than any formed by the monolingual participants. They were able to apply these hypotheses to the 

Production pretest since it was always the fourth and final test in the battery. Naturally, these hypotheses 

were not 100% accurate, yielding room for improvement, so participants (overall and each language 

group separately) did improve their accuracy after treatment, with bilinguals improving more than 

monolinguals on each assessment. In general, the bilingual advantage does not seem to be restricted by 

input v. output-based tests. In the aural modality, the bilingual advantage only reached significance at the 

delayed posttest, possibly because the time constraints on that assessment make it difficult for everyone, 

but bilinguals are better able to juggle the dual task of recalling information from practice two weeks 

earlier while processing the auditory input (regardless of instructional condition). In contrast, the bilingual 

advantage was barely marginally significant at the delayed posttest on the GJT, suggesting that although 

bilinguals had an initial advantage in judging grammaticality following treatment, two weeks later, all 

participants had difficulty recalling the rules or specific form-meaning mappings they used to judge 

grammaticality, to the extent that they performed equivalently on the GJT delayed posttest while 

bilinguals still outperformed monolinguals on the usage-based delayed posttests (WI, AI, and 

Production).    

When looking at accuracy on old items only, the bilingual advantage was limited to performance 

on the AI delayed posttest and all three testing times of Production (with the magnitude of the difference 

again increasing at immediate and delayed posttests compared to pretest); it approached significance on 

the immediate AI posttest, but again with a smaller effect size (.03). Lado (2008) found similar results, 

although she also found a bilingual advantage on WI. Since performance on old items is relatively easier 

than that of new items, it is logical that the bilingual advantage would emerge only on the two most 

challenging assessments: AI due to its time-constrained nature and Production because it involves 
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transferring skills from the input-based training. In addition, that the bilingual advantage existed two 

weeks after treatment on these two tests shows that the bilingual advantage in recalling previously-seen 

items is not limited to short-term memory. In contrast, many of the Age and Condition group differences 

seen in this study were limited to immediate posttests. 

For accuracy on new items only, the bilingual advantage was found on the immediate posttests of 

all four assessments as well as the delayed posttests of WI, AI, and Production. Again, this more 

widespread advantage may be because it is relatively easier for all participants to recall old items than to 

transfer to new items; thus, prior language experience was not needed to do well on the old items of the 

WI and GJT but was helpful for the new items of those same tests. Bilinguals extended the information 

they gained from treatment to new items more accurately than monolinguals did and maintained this 

advantage two weeks later when using the knowledge in a meaningful way (i.e., usage-based tests) but 

did not maintain an advantage in judging grammaticality of new items. Moreover, it seems that the 

bilingual advantage for accuracy on combined items that was found on delayed posttests was due to 

bilinguals’ high accuracy on new items on delayed posttests; thus, bilinguals showed more evidence of 

system learning than monolinguals did. This pattern of results again is similar to that found in Lado 

(2008): the bilingual advantage emerges on the most challenging assessments and extending performance 

to new items, that is, constructing systemic knowledge. While Lado (2008) attributed these advantages to 

the control component of Bialystok’s (2001) analysis and control model, the lack of bilingual advantages 

in cognitive control in this study suggest that for this sample, the bilingual advantage has more to do with 

enhanced metalinguistic abilities related “playing” with language rather than domain-general cognitive 

abilities.  

The cue analysis shed additional light on the root of the bilingual advantage. Unsurprisingly, 

given the above results for accuracy on WI and AI combined items, bilinguals had an overall advantage 

compared to monolinguals on immediate and delayed posttests in this analysis. Crucially, across time, 

Bilinguals had an advantage on accuracy on AGR and SVO items, but not CASE items. The advantage on 

AGR items suggests positive transfer from Spanish, a theory supported by several reports in the 
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debriefing questionnaire of using precisely the strategy of exploiting subject-verb agreement when 

possible. However, transfer cannot be the full explanation since bilinguals also showed an advantage on 

SVO items even though both language groups could have transferred the SVO strategy from their L1, 

English. The bilingual advantage on SVO items seems to be due to the fact that bilinguals’ accuracy on 

these items increases slightly from pre to immediate post, whereas monolinguals’ accuracy does not. It 

seems, then, that while many monolinguals mainly learned what not to do (also supported by the reports 

from monolinguals in the debriefing questionnaire along the lines of “word order doesn’t work in Latin”), 

bilinguals learned to make use of subject-verb agreement cues when they were informative, and thus 

developed a more complex strategy for assigning thematic roles to nouns that did not involve abandoning 

their L1 strategy to the same extent that monolinguals did. Note that both strategies – moving away from 

word order cues and balancing word order and agreement cues –  reflect learning; therefore, both 

monolinguals and bilinguals learned from the treatment.  

An alternative explanation for the bilingual advantage on SVO items is that the advantage may 

have been carried by the 50% of SVO items in which subject-verb agreement was also informative. 

(Recall that SVO items are defined as those that follow SVO word order, but case morphology is always a 

present cue, and subject-verb agreement is a reliable cue in approximately half of the items.) This possible 

explanation cannot be investigated further at this time because dividing SVO items according to whether 

AGR cues were informative would greatly reduce the number of items, and thus power, in the analysis. 

Lastly, accuracy on CASE items also improved over time, only to a lesser extent than that of AGR and 

without a role for bilingualism – likely because case is the cue that was completely novel to both 

monolinguals and bilinguals, thus not allowing for any potential transfer from English or Spanish. 

Additionally, the case cue was the most complex morphosyntactically in terms of number of form-

meaning mappings.  

As with age differences, attentional control returned significant in very few of the mediating 

factor analyses of language-group differences. This counters Hypothesis 8a, which predicted that 

bilinguals would have an advantage in attentional control that would mediate the bilingual advantage in 
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language learning. The Simon effect did mediate the effect of bilingualism on delayed AI accuracy gains 

(combined and new items), but with an unexpected directionality: Bilinguals had higher Simon effect 

scores (poorer cognitive control), and higher Simon effect scores predicted greater gains on AI. Even 

studies that find advantages for early, balanced bilinguals report that such findings are “rather frail, hard 

to replicate, and relatively elusive” (Hernandez et al., 2013, p. 273). It is likely that if other studies have 

found disadvantages for bilinguals, they would not be submitted for publication. It is also possible that the 

type of bilingualism considered in this study (classroom learners rather than simultaneous bilingualism) is 

the cause for the disadvantage on the Simon task and the lack of a bilingual effect on the ANT (as in Luk 

et al., 2011; Bialystok, Craik, & Ruocco, 2006). At the same time, the ANT Conflict Effect, as well as the 

other ANT attentional control measures, did not show any role for bilingualism, so it would be overly 

hasty to conclude that in this sample, bilinguals have poorer cognitive control than monolinguals. If we 

go with the ANT results, there is no difference between language groups. Nevertheless, the Simon effect 

was also related to language-learning outcomes, so that measure of attentional control will be discussed 

here. A theoretical explanation for a language-learning advantage for bilinguals with higher Simon effect 

scores on the AI new items could be that those participants had less inhibition of their L1 and L2; 

particularly in the case of L2, that could yield an advantage in AGR items on the AI. However, the 

coefficient for the Simon effect was only .01, indicating that the increase in accuracy per increase in 

Simon effect was very small, so this finding should not be overly stressed. 

In contrast to the role of attentional control in explaining language-group differences, language 

aptitude as measured by MLAT4 (grammatical sensitivity) was a significant or nearly significant 

predictor on almost every language assessment, thus confirming the prediction of Hypothesis 8b that 

predicted higher aptitude in bilinguals would mediate language-learning gains. MLAT5 (rote memory) 

also had a predictive role on WI delayed gains and approached significance in predicting gains of WI, 

GJT, and Production. These findings confirm a similar result in Lado (2008), that aptitude contributed to 

the bilingual advantage in language-learning, although Lado used a composite score of the MLAT rather 

than separate subtest scores. Robinson (1995a, 1997b) also reported that MLAT subtest scores correlated 
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with GJT scores and with verbalizations of rules. Schroeder and Marian (2010) found that bilingualism 

attenuated decline in episodic memory in older adults; episodic memory being explicit in nature, as is the 

rote memorization of MLAT5. This study then suggests that bilinguals may have an advantage in explicit 

memory retrieval at a young adult age as well as older adults. Despite the frequently reported bilingual 

disadvantage in lexical retrieval (e.g., Bartolotti & Marian, 2012b), bilinguals had a marginal advantage, 

not a disadvantage, on MLAT5, perhaps because RT was not measured and the testing occurs 

immediately after the study period, thus competition from L1 and L2 would not be strong; additionally, 

the non-words in the MLAT5 are not cognates with English or Spanish, so interference would be 

minimal. One might expect MLAT5 to be particularly related to performance on old items, but in fact, it 

only mediated the role of bilingualism on AI pre-delayed gains. However, recall that there were more 

bilingual advantages on new items than on old items to begin with. As with mediations of age-group 

differences in accuracy, MLAT3 was generally not a mediator of language-group differences in accuracy. 

Since bilinguals did not differ from monolinguals on the ASRT composite learning scores, 

implicit sequence learning ability could not mediate the effects of bilingualism on accuracy or RT gains in 

this study. Romano (2009), with a sample of early and late-onset bilinguals, also found no difference 

between monolinguals and bilinguals on the ASRT. Thus, we can say with some confidence that 

bilinguals are not likely to have superior implicit sequence learning ability than monolinguals. Since 

language is in many ways a complex sequence (of phonemes, words, and constituents), if bilinguals have 

enhanced implicit learning ability, it should be in sequence learning. Therefore, the results of the current 

study suggest that hypotheses of a bilingual advantage in implicit learning as the cause of the bilingual 

advantage in non-primary language development, such as the one proffered by Bartolotti et al. (2011), are 

not likely to be accurate.  

Moving on to latency, hypothesis 2 also predicted that bilinguals would not differ in RT from 

monolinguals. By and large, this hypothesis was upheld: most assessments did not show significant 

effects for Bilingualism or Time x Bilingualism in latency analyses. However, on the GJT combined and 

new items, bilinguals always responded more slowly than monolinguals. Bilinguals’ slower RTs 
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accompanied an advantage in accuracy on the GJT immediate posttest. Therefore, it may be that 

monolinguals were trading speed for accuracy on the GJT. Alternatively, it may be that the bilingual 

advantage was due to slower, more explicit processing of the GJT items than the monolinguals 

experienced. Since the language-group difference in RT did not interact with time, this explicit processing 

was present starting with the pretest and so it may be that bilinguals tried to figure out the rules of Latin to 

be able to judge grammaticality from the beginning, before monolinguals did; an idea that is supported by 

the larger number of bilinguals than monolinguals (especially among older adults) who were removed 

from analyses because of pretest scores over 67%: of the eleven participants removed from analyses for 

this reason, eight were older bilinguals, two were young bilinguals, and one was a young monolingual). 

Finally, Bilingualism did interact with Time in the latency analysis of AI new items: Although the two 

language groups’ RTs remained similar at each testing point, the direction of change across time differed: 

monolinguals increased RT from pre to immediate post and then decreased RT from immediate to 

delayed post, whereas bilinguals showed the opposite pattern: a decrease in RT from pre to immediate 

post followed by an increase in RT from immediate to delayed post. This suggests that for monolinguals, 

the greatest challenge to processing was in applying knowledge from treatment to the immediate posttest 

(thus yielding an increase in RT), whereas for bilinguals, the greatest challenge was recalling information 

two weeks later at the delayed posttest (thus yielding an increase in RT).  

Hypothesis 8 did not include a prediction for the mediation of bilingualism’s effect on RT. 

Nevertheless, analyses revealed a role for aptitude (but not attentional control or ASRT). Although the 

direct effect of bilingualism on change in RT from pre to delayed posttest of AI new items was to predict 

an increase in RT, mediating factor analyses showed a role for MLAT3 that approached significance, 

such that higher MLAT3 scores predicted a decrease in RT and Language Group was no longer a 

significant predictor. Therefore, MLAT3 mediated the role of Language Group in predicting the change in 

RT on this test. This change accompanied an advantage in accuracy for bilinguals, with that effect 

mediated by MLAT5 score (rote memory). Thus, MLAT3 mediated the effects of Age and of Language 

Group on changes in RT, specifically, the change in RT on AI. Therefore, the same explanation offered in 
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the previous section can hold here: individuals, in this case bilinguals, with higher phonemic coding 

ability (MLAT3 scores), were more easily able to connect the aural stimuli with the written words that 

they had seen earlier and thus did not experience as much of an increase in RT.  

To summarize, bilinguals had several advantages in accuracy on the Latin assessments that were 

often maintained at delayed posttest, two weeks following treatment. These differences were not 

accompanied by changes in RT except for an overall effect of Bilingualism on GJT latency and an 

interaction with Time on AI new items. The bilingual advantages in accuracy were largely mediated by 

bilingual advantages in aptitude, especially grammatical sensitivity. The one bilingual difference in 

change in RT was mediated by aptitude as well, although in this case, phonemic coding ability. 

Attentional control as measured by the Simon effect score did mediate some language-group differences 

in accuracy, although not in the direction expected, since bilinguals had higher Simon effect scores than 

monolinguals in this sample. We cannot, however, conclude that bilinguals in this study had poorer 

cognitive control, since language group did not have a significant effect on any ANT effect score. Lastly, 

bilingualism’s role in language learning was not mediated by implicit sequence learning in this study, 

because the combined learning score on the ASRT did not differ by language group. In all cases, 

interpretation of findings is limited to the type of bilingual in this sample: classroom learners of the L2 

who remained L1-dominant. 

Interactions between Age and Bilingualism in Non-Primary Language Development  

Hypothesis 6 stated that bilingualism might have a greater facilitative effect in older adults than 

in younger, since there is more evidence for a bilingual advantage in executive control in older than 

young adults (e.g., Bialystok et al., 2004; Bialystok, Craik, & Ryan, 2006; Gold et al., 2013; Salvatierra & 

Rosselli, 2010). However, this hypothesis is not supported by the results of the current work, perhaps 

since no bilingual advantage in attentional control in either age group was found in this sample. There 

was no significant Age x Language Group interaction on accuracy in the Latin assessments, nor was there 

a significant Time x Age x Language Group interaction on any accuracy analysis. Age and language 
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group did interact significantly on the pen-and-paper grammar quiz that was taken by +G participants 

immediately after the grammar explanation but before task-essential practice began. On that quiz, the 

bilingual advantage was limited to young adults; older adults’ scores did not vary by language group. 

That this difference did not yield a significant interaction in accuracy on the Latin assessments suggests 

that the task-essential practice, which followed the quiz, was sufficient for older adult bilinguals to 

perform at the same level of young adult bilinguals, yielding bilingual advantages on assessments that did 

not interact significantly with age. Since the pen-and-paper quiz was intended to measure intake from the 

grammar explanation and we wanted to maximize the differences between the two treatments, there was 

no equivalent measure in the –G condition. Thus, we cannot be as certain whether there was an 

interaction between age and bilingualism at any point in the –G condition. Since the bilingual advantage 

did not interact with age, and only interacted with condition on the GJT and Production (as described in 

the next section), it seems that without a pre-practice grammar explanation, task-essential practice yielded 

an advantage on usage-based tests to bilinguals of both ages in the –G condition for the tasks that were 

practiced in training (WI and AI). Since this study is the first to date to look at both cognitive aging and 

bilingualism in determining non-primary language development, there is little previous research in SLA 

to relate these findings to.   

In latency analyses, there were no significant interactions between Time, Age, and Bilingualism, 

but Age and Bilingualism did interact on the GJT (marginal on combined items and new items, significant 

on old items). In each case, within young adults, monolinguals responded more quickly than bilinguals 

did, but older adults’ response times did not vary by age. Since the same interaction was not significant 

on any accuracy analyses, the difference in RTs in young adults does not point toward a speed-accuracy 

trade-off. Moreover, since young bilinguals had an advantage over other groups on the pen-and-paper 

grammar quiz, it seems likely that, as with the main effect for Bilingualism reported earlier, slower RTs in 

the bilinguals is indicative of qualitatively different processing in the young adults. In older adults, it may 

be that the effects of cognitive aging on speed outweigh effects of bilingualism on speed, likely since the 
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older adults were not the early bilinguals previous studies have shown to have advantages in executive 

control.    

Regressions with mediating factors do not speak directly to interactions with Age and Language 

Group, nor do they hint at explanations. However, MLAT3 and MLAT4 scores varied by both age and 

bilingualism, such that older adults had higher aptitude scores and bilinguals had higher aptitude scores; 

therefore, these would not contribute to an advantage for young bilinguals. Likewise, the Simon effect 

also varied by age and by bilingualism, but with an advantage for young adults and a disadvantage for 

bilinguals, so it would not help to explain young bilingual advantages either. Finally, ASRT composite 

learning scores varied only by age and not by bilingualism, so it would not play a role in young adult-

bilingual advantages, either. Likely, the few effects for young bilinguals found here were caused by non-

cognitive factors: for the pen-and-paper grammar quiz, recent exposure to grammar explanations in 

classroom settings, and for latency, a more explicit approach to processing that may have been a strategy 

choice rather than an advantage in ability. 

The Role of Instructional Condition in Non-Primary Language Development 

Hypothesis 3 stated that the more explicit group (+G) would have some advantages on immediate 

posttests that would not hold to delayed posttests. At the same time, the less explicit group (-G) would 

show greater retention at delayed posttest than the more explicit group. This hypothesis was largely 

upheld: The type of instruction participants received determined accuracy on combined items of the WI, 

GJT and Production immediate posttests, as well as the Production delayed posttest; in all cases, 

participants who received a pre-practice grammar explanation outperformed those who did not. The GJT 

combined items result will largely be discussed in the next section, as bilingualism interacted with 

treatment on that assessment. Stafford et al. (2011) also found an advantage for explicit instruction on WI 

that was limited to the immediate posttest and for Production on both immediate and delayed posttests. 

However, the retention of an advantage in Production at delayed posttest was found only for the most 

explicit group in that study, which combined pre-practice grammar explanation with explicit feedback. 
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The group that received pre-practice grammar explanation with less explicit feedback (i.e., the same 

condition as the current work) only showed an advantage at immediate posttest. The difference between 

this study and Stafford et al.’s may be the inclusion of older adult participants, since older adults had 

increased accuracy on Production delayed posttests of new items, although older age did not significantly 

interact with treatment at delayed posttest. 

The current study also suggests that different types of explicit instruction yield similar results on 

some tasks. Lado (2008) and Lenet et al. (2011), both of which manipulated the explicitness of feedback 

but did not include a pre-practice grammar explanation, found an advantage for explicit feedback over 

less explicit on GJT and Production immediate posttests. This study found the same, although the 

advantage in Production extended to the delayed posttest. In contrast, Lado (2008) also found an 

advantage for explicit feedback in AI immediate posttest accuracy, which this study did not replicate. The 

difference there may again be due to the inclusion of older adults in this study, who were disadvantaged at 

the AI immediate accuracy, or it may be that pre-practice grammar explanation does not yield an 

advantage on AI whereas explicit feedback does. Stafford et al. (2011) also did not find a role for pre-

practice grammar explanation in determining AI accuracy, so the latter explanation is preferred. 

Analyses of accuracy on old items only showed an advantage for the +G condition on WI, AI, 

and Production immediate posttests as well as the Production delayed posttest, while analyses of accuracy 

on new items only showed an advantage for the +G condition on WI, GJT and Production immediate 

posttests as well as the GJT delayed posttest. Thus, for WI and Production immediate posttests, provision 

of a pre-practice grammar explanation had a broad effect, enhancing accuracy on both items seen in 

treatment and extending knowledge to new items. In contrast, the facilitative effect of providing a pre-

practice grammar explanation on accuracy in the Production delayed posttest was carried by performance 

on old items while in the GJT immediate posttest it was carried by performance on new items. It makes 

sense that a facilitative effect on Production delayed posttest would be limited to old items; again, 

treatment was solely input-based so any facilitative effect on production shows extension of learning 

beyond what was practiced. For the GJT, participants in both conditions performed equivalently on old 
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items, but those who received a grammar explanation had an advantage in judging the grammaticality of 

new items. Whereas old items may be judged with memory of seeing them in treatment, new items can 

only be judged by a feeling that the item follows the same pattern as those from treatment or by applying 

a rule to the new treatment. Since the +G participants had exposure to rules that the –G participants did 

not have, it is likely that they used the latter strategy. The strategy of using rules to judge grammaticality 

was then able to give the participants in the +G condition an advantage on new items both at immediate 

and delayed posttests; thus, participants in the +G condition seem to have internalized those rules to the 

extent that they were still able to use them two weeks later. In sum, the facilitative effect of a pre-practice 

grammar explanation may extend to both old and new items, but is largely limited to immediate posttests, 

with the exception of Production (combined and new items) and GJT (new items only). Lenet et al. and 

Stafford et al. do not report old v. new items, so comparison is not possible for this part of the discussion. 

The cue analysis showed a general advantage for accuracy in the +G condition over the –G 

condition that was limited to the immediate posttest, which is not surprising given the advantages 

reported above on the WI and AI tests. However, it is interesting to note that the effect of instructional 

condition did not interact significantly with sentence type. Thus, the pre-practice grammar explanation 

had an equivalent effect on processing strategies that would be encouraged by all three sentence types, a 

result also reported by Stafford et al. (2011) for their +G+EF and +G-EF groups in their cue analysis. 

Thus, it seems that the advantage for explicit instruction stems specifically from grammar explanations; 

Stafford et al.’s -G+EF did not have the same advantage. On one hand, this is not surprising since all 

three cues and processing strategies are addressed in the grammar explanation. On the other hand, the 

greatest focus by far is on noun case morphology, since it is the most novel cue and the most complex, 

but that did not yield a +G advantage that varied by sentence type. 

Since treatment is not an ID as age and bilingualism are, attentional control, aptitude, and non-

linguistic implicit learning were treated as moderating factors of treatment rather than as mediating 

factors. Attentional control (Simon, ANT tasks) did not moderate effects of treatment on accuracy; thus, it 

does not seem that having higher or lower levels of attentional control (in terms of orienting, alerting, or 



 

209 

 

executive networks) played a role in this index of non-primary language development in either 

instructional condition. This goes against the prediction that greater attentional control would be 

especially helpful in the less explicit condition, where less guidance is given to the learner. Perhaps 

provision of a pre-practice grammar explanation does not change attentional demands so much, since in 

the end, participants in both conditions need to inhibit L1 processing strategies to be able to focus on the 

target-language processing cues. Likewise, high control of alerting and orienting networks could be 

beneficial in both conditions. In that case, the main difference between the two conditions would be 

identifying what to focus on and what to inhibit, rather than the degree to which inhibition is necessary. 

Increased language aptitude could aid participants in identifying linguistic features in the input to 

focus on, and analyses show that MLAT subtests did moderate the effects of treatment on two Latin 

assessments: for accuracy of combined items, MLAT3 (phonemic coding)  moderated the effects of 

treatment on immediate GJT gains and delayed Production gains. MLAT4 (grammatical sensitivity) also 

moderated the effects of treatment on immediate GJT and Production gains. Finally, MLAT5 (rote 

memory) also moderated the effects of treatment on delayed Production gains. MLAT3 and MLAT4 both 

constitute aspects of metalinguistic awareness. This result is at first glance strikingly different from 

previous studies, such as VanPatten et al. (2013), which in a series of PI studies in four different 

languages, only found a role for MLAT4 in one analysis (German, more explicit condition, trials-to-

criterion measure) and dismissed it as anomalous. Crucially, however, VanPatten et al.’s outcome 

measures were trials-to-criterion and pre-posttest gains on a test similar to AI. VanPatten et al. also 

administered the phonemic coding subtest to their participants, but as a distractor task, so scores were 

unfortunately not considered in analyses. Thus, their argument that learning from meaningful practice, as 

in PI, does not rely on grammatical sensitivity in either instructional condition because learning consists 

of adjusting processing strategies rather than memorizing grammatical information, holds for input-based 

assessments such as WI and AI. However, the current results show that when participants are tested by 

having to make grammaticality judgments or produce TL output, then greater metalinguistic awareness 

(phonemic coding and grammatical sensitivity) is beneficial in the condition in which participants were 
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provided with metalinguistic information to work with. Additionally, the role for MLAT5 in the +G 

condition on delayed Production gains suggests that better explicit memory is also beneficial when 

combined with a grammar explanation – perhaps those participants remembered more from the grammar 

explanation two weeks later, allowing them to apply that information to producing output. 

Aptitude’s role as a moderator of treatment effects on accuracy of old items was largely the same 

as that of combined items, with the additional finding that MLAT3 moderated immediate gains on AI. 

Again, the pattern was that participants in the +G condition outperformed those in the –G condition, and 

that within the +G condition, those with higher phonemic coding scores outperformed those with lower 

scores. Thus, metalinguistic aptitude can have a role even in input-based assessment, but the role is 

limited compared to the other assessments. Additionally, the role of MLAT3 on GJT gains was different 

for old items than for combined items. In both analyses, participants with high MLAT3 scores gained 

more than those with low MLAT3 scores in the +G condition, but on the old item analysis only, 

participants with low MLAT3 scores outperformed those with high MLAT3 scores. For old items, the 

differences according to MLAT3 score in each condition was small, but still suggests that achievement in 

the –G condition relies on something other than language aptitude, which is a rather explicit construct. 

 For accuracy on new items, MLAT4 moderated immediate gains on the GJT, as was found for 

combined and old items. However, in this case the pattern was again slightly different: on new items, the 

only participants to show accuracy gains on the GJT immediate posttest were those in the +G condition 

who also had high MLAT4 scores. Thus, it seems that high aptitude is necessary to apply grammatical 

information to judgment of new items, and that without a grammatical explanation, participants were not 

able to accurately judge new items. The only case in which aptitude was not found to interact with 

Treatment to predict accuracy gains was for WI gains, perhaps because it is the least challenging 

assessment, so even participants with low aptitude showed gains and higher aptitude did not yield 

increased gains. 

Contrary to findings in previous studies of non-linguistic implicit learning ability or aptitude and 

language-learning outcomes (e.g., Morgan-Short et al., under review; Granena, 2012; Kaufman et al., 
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2010), the current work did not find that ASRT score moderated accuracy gains in either instructional 

condition. Differences in timeframe and proficiency levels are likely the cause for differential findings. In 

all of the above studies, the significant findings occurred after several hours of training (Morgan-Short et 

al.) or even years (Granena, Kaufman et al.). Since implicit learning (of languages and in general) is 

associated with a longer progression of time (DeKeyser, 2003), participants in the Latin Project may not 

have had enough time and exposure to Latin to begin to rely on implicit mechanisms to the same extent as 

in other studies. Therefore, the lack of findings for the ASRT as related to accuracy does not contradict 

previous studies; rather, it adds to evidence that accuracy in initial stages of language learning is not as 

likely to be related to implicit learning ability. Crucially, implicit learning ability did moderate the effect 

of treatment on change in RT on Latin assessments over time; that discussion follows.  

In terms of latency, on combined items, the Time x Treatment interaction was significant on the 

GJT only (combined items, old items) such that the +G condition increased their RT from pre to 

immediate post while the –G condition did not. Additionally, at delayed post, the +G condition still 

responded more slowly than the –G condition. This further suggests that, at least when judging the 

grammaticality of sentences, the +G advantage in accuracy was due to slower, more explicit processing. 

This finding is not surprising, since GJTs with no time limits are associated with explicit processing 

(DeKeyser, 2003) and was also reported by Lado (2008). In fact, Lado (2008) found that the more explicit 

group responded more slowly than the less explicit on combined-items analyses of all four Latin 

assessments. The current study does not replicate that finding for WI or Production combined items 

potentially due to either the inclusion of older adults or the type of explicit instruction, although we do 

find a marginal main effect for treatment on AI latency (combined items, old items, new items). Since 

latency in age and treatment only interacted significantly on Production, the inclusion of older adults 

would not affect the results for WI, so the type of explicit information is a more likely explanation. 

Whereas explicit information in metalinguistic feedback (as in Lado, 2008) is presented after every item 

but never explained in detail, the pre-practice grammar explanation was comprehensive and interactive, as 

well as only presented once. Participants who received a grammar explanation may have consolidated that 
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information better than those in Lado’s study who received EF , thus allowing them to access the 

information during WI and Production without a large effect on their RT. Since instructions to judge 

grammaticality encourage participants to recall grammar rules, participants in the +G condition may have 

felt the need to recall the rules in greater detail on this assessment, thus slowing their RTs.  

Notably, the +G advantage in accuracy was limited to the immediate posttest on analyses of 

combined and old items (on the new-items analysis, it extended to the delayed posttest). The maintenance 

of the significant difference in latency at delayed posttest on analyses of combined items and old items 

suggests that participants in the +G condition were still approaching the GJT in an explicit fashion at the 

delayed posttest, although this approach no longer yielded them an advantage in accuracy. Thus, 

treatment has an effect on the qualitative nature of processing that lasts at least two weeks after treatment. 

That the AI also showed an overall main effect for Treatment (marginally significant) in latency 

analyses, also in the direction of the +G condition responding more slowly than the –G condition, 

suggests that this test was also approached somewhat explicitly by participants in the more explicit 

instructional condition.  

All three moderating factors played some role in the effect of Treatment on latency, thus 

upholding RQ8 where it was not upheld in terms of accuracy. For attentional control, this was limited the 

finding that on the GJT old items, participants with low alerting network scores slowed down from pre to 

delayed posttest in the +G condition while high-alerting participants sped up slightly; in the –G condition, 

alerting effect score did not have a role in determining change in RT. Posner and Peterson (1990) related 

high levels of alertness to quick responses (although sometimes at the cost of accuracy), which the current 

results support in both instructional conditions. Participants with low alertness in the +G condition may 

have increased their RT more than the corresponding participants in the –G condition did because of the 

need to consider information from the pre-practice grammar explanation in making their response 

whereas in the –G condition, they would not have explicit rules to try to recall. 

Grammatical sensitivity (MLAT4) score also moderated the effects of Treatment on GJT latency. 

In general, participants with low grammatical sensitivity slowed down in the +G condition but sped up in 
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the –G condition, although in predicting delayed gains of GJT combined items, only the latter was true 

(low-grammatical sensitivity participants sped up in the –G condition but there was no difference in RT 

change in the +G condition according to MLAT4 score). In both conditions, participants with high 

MLAT4 scores tended not to change RT very much over time. Thus, grammatical sensitivity seems to be 

related to increased gains in accuracy and less change in RT over time, and so the general slowdown seen 

in the +G condition should not be attributed to the same participants who gained in accuracy. 

Finally, ASRT composite learning score also moderated the effects of Treatment on change in 

RT. On pre-delayed changes in RT on GJT combined items, high-ASRT participants slowed down more 

than low-ASRT participants in the +G condition only; there was no role for ASRT in the –G condition. 

This suggests that implicit sequence learning ability was not an advantage in latency on this Latin 

assessment. On the analyses of old items only, the pattern was opposite: the only role for ASRT score was 

in the –G condition, and it was in the direction that high-ASRT participants sped up more than low-ASRT 

participants, both from pre to immediate posttest and from pre to delayed posttest. Thus, in responding to 

items seen in treatment, implicit sequence learning ability predicted faster responses in the less explicit 

condition.  

In sum, several advantages in accuracy were found for the +G condition and they were generally 

limited to immediate posttests. The lack of significant effects at the delayed posttest was generally due to 

a decline in accuracy in the +G condition, supporting the idea that participants in the –G condition show 

better retention (Lado et al., accepted). RT analyses support Lado (2008)’s finding for slower latencies in 

a more explicit condition, although only on the AI and GJT. Mediating factors shed an interesting light on 

this finding: while higher aptitude yielded greater accuracy gains in the +G condition only, lower aptitude 

generally yielded greater increase in RT in the +G condition and greater decrease in RT in the –G 

condition. Therefore, the participants who gained the most in accuracy in the +G condition were not the 

ones who slowed the most. Rather, high aptitude allowed participants to keep their RT constant across 

time regardless of their instructional condition. Finally, implicit sequence learning ability was found to 

moderate the effects of Treatment on RT: higher implicit sequence learning ability was not an advantage 
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to speed of responding to GJT items overall, but in the less explicit condition, it was when old items were 

analyzed separately. Thus, there is evidence that implicit learning is involved in less explicit conditions 

for items repeated from treatment. Comparing the three moderating factors, then, low alerting effect, low 

aptitude, and high implicit learning ability were related to increasingly slow response speed in the more 

explicit condition, while high implicit learning ability was related to increase in faster response speed in 

the less explicit condition. 

The Role of Bilingualism in More and Less Explicit Instructional Conditions 

Hypothesis 5 predicted that the bilingual advantage would be most evident in the –G condition. 

As mentioned in the previous subsection, the Time x Language Group x Treatment interaction on 

accuracy analyses of combined items was significant in the GJT immediate posttest as well as the 

Production immediate and delayed posttests. Contrary to predictions, in all cases, the Bilingual group in 

the +G condition outperformed all other groups, showing that the +G advantage on these tests was carried 

by bilinguals; the same was found for analyses of new items on these tests. There was just one instance in 

which the Bilingual. –G group visually had an advantage compared to the two monolingual groups: on 

accuracy of old items on the delayed posttest of the GJT. However, there were no significant differences 

by group in the one-way ANOVA. In comparison, Lado (2008) found an advantage for at least one level 

of bilingualism compared to monolinguals in each instructional condition, operationalized as provision of 

explicit feedback, which this study replicates.  This study then adds to that with the finding that when 

explicit instruction is a pre-practice grammar explanation, there are benefits for bilinguals on certain tests 

that lead to superior performance than that of both language groups in the less explicit condition, as well 

as monolinguals with explicit instruction. Thus, provision of a pre-practice grammar explanation was 

necessary for bilinguals to have an advantage in the explicit task of judging grammaticality and in 

transferring skills to production, but not for the two interpretation tasks (written and aural), both of which 

were practiced during training.  
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Looking at old items only, the interaction of Language Group and Treatment with Time was more 

limited in scope. It was only significant on the GJT immediate post: All participants in the +G condition 

performed equivalently, but only those with previous language experience (bilinguals) outperformed 

participants in the –G condition. The same interaction was not significant in the analyses of new items on 

any Latin assessment. Thus, the finding for the GJT immediate post combined items seems to be carried 

by performance on old items. Although both language groups benefitted from the grammar explanation 

when judging sentences’ grammaticality, the fact that only bilinguals who had a grammar explanation had 

a statistical advantage may be because the bilinguals in this study had all been classroom learners of 

Spanish, so they were likely practiced in reading and understanding grammar explanations, and possibly 

even in applying those explanations to interpretations of sentences. However, this advantage was limited 

to the short-term, as two weeks after treatment, Bilingual, +G accuracy on GJT old items had lowered 

whereas Bilingual, -G accuracy of the same had improved. The end result was that all groups performed 

equivalently at delayed posttest, but the difference in accuracy patterns over time suggests that bilingual 

advantages were not present only in the more explicit condition. Since learning in less explicit conditions 

is known to consolidate over time, it makes sense that that advantage is slow to reveal itself and it may be 

that increasing the time between immediate and delayed posttests would show a clearer bilingual 

advantage in the –G condition.    

Not surprisingly, given that the Language Group x Treatment interaction was not significant in 

WI or AI alone, it was also non-significant in the cue analysis. 

Although it was not possible to look at the role of mediating factors in the interaction of two 

independent variables, given that bilingual and +G advantages in accuracy were both related to high 

aptitude scores on MLAT subtests, it is likely that aptitude is also behind the combined advantage for 

bilinguals in the +G condition. This explanation is sensible also because, at least for young adults, there 

was a bilingual advantage in the +G condition as early as the end of the grammar explanation. As such, it 

does not make sense to hypothesize that bilinguals had greater recall of the grammar explanation while 

completing the immediate posttests than monolinguals did; it makes more sense that they took in more 
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from the grammar explanation than the monolinguals did and better incorporated what they learned from 

the grammar explanation, thus enabling them to apply it to immediate and even delayed posttests. The 

greater intake can be explained by the fact that bilinguals had learned Spanish in the classroom, so likely 

were accustomed to reading grammar explanations and also had greater aptitude than monolinguals, 

allowing them to successfully apply their intake from the grammar explanation to the assessment items. 

 When looking at the latency of combined items, there were no relevant significant interactions on 

any of the Latin assessments. For latencies of old items, there was a significant interaction on Production. 

Visually, the RT of the monolinguals in the +G condition had the greatest downward slope across time 

while bilinguals in the +G condition were the only group to increase their RT from immediate to delayed 

posttest. Production of old items did not show a significant Time x Language Group x Treatment 

interaction in accuracy, so the bilingual, +G increase in RT is not directly related to any advantage in 

accuracy. Nevertheless, this finding does constitute some evidence that bilingual, +G processing was 

qualitatively different from that of other groups, and an increase in statistical power might reveal similar 

results for new items, where the difference in change in RT would accompany the accuracy advantage for 

bilinguals in the +G condition. Finally, there was a significant Time x Bilingualism x Treatment 

interaction for AI new items that showed that although RTs were equivalent at each testing time, the 

monolinguals in the +G condition had larger changes in RT from pre to immediate post and from 

immediate to delayed post than the other groups did, suggesting that the explicit information changed 

monolinguals’ approach to judging grammaticality over time more than it did for bilinguals in the same 

condition, or for either language group in the less explicit condition. 

 In sum, the +G advantage in accuracy on combined and new items was largely carried by 

bilinguals in that instructional condition. These bilinguals may have benefited from the combined 

advantages of having previous instructed language learning experience, a grammar explanation prior to 

practice, and higher language-learning aptitude. However, the bilingual advantage is clearly not limited to 

the more explicit instructional condition, as some assessments showed an overall bilingual advantage 

regardless of treatment. Moreover, the Production analyses suggest a bilingual, -G advantage at delayed 
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posttest since that group was the only one to increase their accuracy score from immediate to delayed 

posttest, although they did not have statistically different accuracy at delayed posttest. Finally, there is 

limited evidence that bilinguals in the more explicit condition had a decrease in processing proficiency on 

Production of old items from immediate to delayed posttest, although their RTs at delayed posttest were 

not statistically different than those of other groups. Thus, there is a certain advantage to having bilingual 

experience when paired with explicit treatment, but not an overwhelming one. 

The Role of Age in More and Less Explicit Instructional Conditions  

Hypothesis 4 predicted that: (1) within older adults, those in the –G condition would outperform 

those in the +G condition at immediate and delayed posttests; (2) within young adults, the +G group 

would outperform the –G group, but only at immediate posttest; (3) within the +G group, young adults 

would outperform older adults at immediate posttest only, and (4) within the –G group, there would be no 

age difference at immediate or delayed posttest. This hypothesis was largely not supported in this study. 

There were no significant interactions between Age, Treatment, and Time on accuracy analyses of 

combined items, old items, or the cue analysis. There was a marginally significant interaction on the new 

items of the Production test, suggesting that the two age groups performed differently in transferring 

skills (in the sense of both transfer to untrained items and transfer to output) over time according to the 

type of instruction that they had received. Namely, an advantage was found at immediate posttest only for 

young adults in the +G condition as compared to both young and older adults in the –G condition; older 

adults in the +G condition did not significantly differ from either grouping. At delayed posttest, the older 

adults in the +G condition marginally outperformed the young adults in the –G condition only (disproving 

Part 1 of the hypothesis). Additionally, older adults in the –G condition improved their accuracy from 

immediate to delayed posttest whereas other groups largely maintained their accuracy level (Older, +G; 

Younger, -G) or decreased their accuracy level (Young, +G) (partially supporting part 1 of the 

hypothesis). Thus, a grammatical explanation was helpful to both age groups immediately after treatment 

(contradicting Part 3 of the hypothesis), but only yielded a significant advantage over the –G condition for 
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young adults (supporting Part 2 of the hypothesis). However, two weeks later, young adults in the +G 

condition were no longer at an advantage (also supporting Part 2 of the hypothesis). This suggests that the 

young adults were relying on explicit learning processes, which are not maintained over time, whereas 

older adults even in the more explicit condition may have made greater use of implicit learning processes 

than their younger counterparts. As a result, older adults in both conditions increased in accuracy at 

delayed posttest compared to their immediate posttest scores. There was still a benefit for grammar 

explanation within the older adults, since that group was the one that approached a significant advantage 

over the young adults in the –G condition. Thus, the trend toward an advantage for older adults on the 

delayed posttest of Production of new items reported at the beginning of this chapter seems to have been a 

bigger effect in the +G condition than in the –G condition.  

The advantage for young adults in a more explicit condition replicates a similar finding from 

Lenet et al. (2011)’s composite-score analysis, in which explicitness was operationalized as provision of 

metalinguistic feedback. However, Lenet et al. (2011) also reported that within older adults, accuracy was 

higher in the Less Explicit group than in the Explicit, which the current results do not replicate. A logical 

explanation is the operationalization of explicitness: Since young adults are at the peak of their cognitive 

capacity, they can benefit from a variety of types of explicit instruction (in terms of immediate gains, not 

retention). Older adults have limited cognitive capacity as a result of normal aging, and thus the type of 

explicit instruction may play a larger role. There are three important distinctions between explicit 

feedback (EF ) and pre-practice grammar explanations (G) in the Latin Project: (1) While EF states facts 

in 1-2 lines, G is a thorough, interactive explanation of all three cues and (2) EF is limited to a 5-second 

display, which caused frustration in older adults in Lenet et al. (2011), while G is self-paced, and (3) EF is 

repeated following every item, while G is only presented prior to practice. (1) and (2) clearly show that G 

would be less taxing on older adults than EF . While (3) suggests that EF would be less of a strain on 

memory, it may be that the overall effect of repetition increases anxiety in older adults, and this effect is 

not mitigated by repeated opportunities to see the explicit information. Therefore, the lack of a statistical 
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difference in older adult performance according to treatment seems to be due to the type of explicit 

instruction provided.  

In terms of latency, no relevant significant interactions were found on any Latin assessment. 

Therefore, the accuracy advantage for young adults in the +G condition on new items of the Production 

immediate posttest was not accompanied by an increase or decrease in RT that differed from other age 

and treatment groups, and it is the only analysis that showed a differential impact of provision of explicit 

information according to age group. 

The Roles of Age and Bilingualism in More and Less Explicit Instructional Conditions 

Hypothesis 7 predicted that: (1) the bilingual advantage would only be present in the –G 

condition, (2) that older bilinguals would outperform all other groups in the –G condition, and (3) that in 

the +G condition, young adults would outperform older adults regardless of bilingual status. This 

hypothesis was largely not supported by this study, likely due to the overall minimal limited findings for 

effects of age. Many analyses also had low observed power, although their corresponding low effect sizes 

suggest that finding differences with a larger sample size would still not be very meaningful.  

Nevertheless, on accuracy of WI combined items there was a marginally significant interaction 

with a medium effect size for Time x Age x Language Group x Treatment, in which the Young Bilingual, 

+G group outperformed all groups except Older Bilinguals, -G at immediate posttest but at delayed 

posttest only marginally outperformed young monolinguals in both treatments. This contradicts part 1 of 

the hypothesis, partly supports part 2 (although older bilinguals in the –G condition did not statistically 

outperform other groups, they were not statistically different from the most advantaged group, either) and 

partly supports part 3 (young adults did have an advantage in the +G condition, but it was limited to 

young bilinguals, and was not significantly above the scores of older bilinguals in the –G condition). 

Thus, on a written input-based assessment, not having a grammar explanation allowed older bilinguals to 

approximate the accuracy levels of young bilinguals who did have a grammar explanation.  At delayed 

posttest, the Young Bilingual +G accuracy levels dropped to the extent that they were equivalent to the 
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others, although approached a significant difference to Young Monolinguals in both conditions. Thus, in 

retention, being either bilingual or an older adult was somewhat beneficial.  

On the GJT, the overall interaction also approached significance with a medium effect size, 

pointing again toward an advantage for Young Bilinguals in the +G condition at immediate posttest, 

although this time compared to all groups except Older Bilinguals in the +G condition. This is additional 

evidence against part 2 of the hypothesis, since here, it was the older bilinguals in the +G condition, not in 

the –G condition, who were closest to having an advantage. There were no significant group differences 

at delayed posttest; although the non-significant result was accompanied by a large effect size, visual 

representation of group means does not suggest any trends toward group differences. 

On GJT accuracy of old items only, the Young Bilingual +G group marginally outperformed the 

Older Bilingual, -G group and the Older Monolingual –G group at immediate posttest only; all other 

groups did not differ from each other. This adds information to the Bilingual, +G advantage on GJT old 

items at immediate posttest reported earlier: While bilinguals in the +G condition of both age groups had 

high scores, only those who were young adults reached a statistical advantage in judging grammaticality 

of old items; thus, cognitive aging did have a slight negative impact on the positive effects of bilingualism 

and of explicit instruction when judging grammaticality of combined items and old items only.  

Comparing results between the WI and GJT shows that on an input-based test in the written 

modality, older bilinguals in the –G condition achieve a statistically equivalent amount to the top-

performing group, young bilinguals in the +G condition. In contrast, when the assessment called for 

grammaticality judgments, the older bilinguals in the –G condition were lowest scoring group on 

accuracy of old items. On both old-item and combined-item accuracy analyses, it was older bilinguals in 

the +G condition who approximated young bilingual, +G accuracy. Thus, grammar explanation was 

beneficial to bilinguals of both ages in judging grammaticality, but for interpreting written sentences, not 

having a grammar explanation was more beneficial for older adults than having one.   

As with the Time x Age x Treatment interactions, there were no relevant interactions in latency 

analyses here. However, significant interactions and effects may be found with a larger sample size, as 
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RT analyses had the lowest statistical power, due to removal of outliers and instances of zero accuracy. 

This reduced sample size would particularly affect the ability to find a four-way interaction such as Time 

x Age x Bilingualism x Treatment. All analyses returned miniscule effect sizes and observed power 

levels, suggesting that the sample size would have to increase sizably for a significant finding to obtain.  

Limitations and Directions for Future Research 

 As is the nature of any empirical study, there are certain limitations to the current study that, in 

turn, suggest avenues for future research. First of all, all of the non-significant findings in Latin analyses 

of accuracy and latency had low observed power. However, this is not an overwhelming limitation since 

power was calculated a priori and that sample size was collected; additionally, these non-significant 

findings also had small effect sizes. This suggests that it would take a sizable increase in power to find a 

significant result and the real-life meaning of that result would be quite limited. More importantly, 

although cell size was minimally acceptable for many groups, meaningful significant findings were 

obtained by this study. 

Secondly, RT analyses of the Latin assessments should be interpreted with caution, as there may 

be multiple factors at play, such as the speed of the internet connection and the time of day, although 

excluding outliers should help manage those possible sources of error. Nevertheless, cell size was smaller 

for some RT analyses when participants had zero accuracy and mean RTs on pretests tend to be 

calculated from a small number of items, also due to low accuracy. In addition, older adults’ RTs were 

always slower and more variable than young adults. This does not affect interpretation when the two age 

groups change RT in opposite directions, but does limit interpretations when they change in the same 

direction, as happened in a few cases. 

Also, as stated in the discussion, the results related to bilingualism are limited to the type of 

bilingual in this study. The fact that bilinguals were classroom L2 learners and L1-dominant may have 

caused the bilingual disadvantage on the Simon task and the lack of a bilingual difference on the ANT 

and ASRT. The same factors may have also played a role in the bilingual advantage being more evident 



 

222 

 

in the +G condition than in the –G condition. Future research should expand to include other types of 

bilinguals, such as heritage language learners and early bilinguals. Although within the bilingual group, 

there were age differences in self-rated proficiency, they were in the direction of young adult advantages; 

since there were few Age x Bilingualism interactions in the Latin assessments, this is not viewed as a 

problem. Regardless, future studies could better control for this by administering proficiency tests and 

matching participants for both L1 and L2 proficiency. It is harder to measure frequency of language use 

by anything other than self-report, a limitation to all bilingualism studies. At the same time, these 

limitations do not make the current results less valid; both the significant findings and lack thereof in the 

current study contribute to the field by explaining the effects of bilingualism on non-primary language 

development when bilinguals are late-onset, classroom learners – that is, a large portion of the bilinguals 

in this country. 

A similar corollary holds for the effects of aging: the older adults in this study were highly 

educated and volunteered to participate in a language study, indicating some interest in the topic that may 

have biased results in comparison to the general older adult population. Nevertheless, many older adults 

reported anxiety in relation to trying to learn and remember a new language, signifying that they did not 

view themselves to be superior at this task to their peers. Also, as with the case of bilingualism, this 

limitation does not mean that the current findings are not valid; for the older adults who are most likely to 

be involved in language classes in higher education or institutions of lifelong learning, these results hold. 

Lastly, nearly all of the participants who were removed from the study due to high pretest scores 

were bilinguals, and most were older adult bilinguals. This suggests that the general bilingual advantage 

in language learning could actually be greater than what was reported here, especially in older adults. 

Future research could investigate this by limiting analyses to the most initial stages of language learning, 

such as the four pretests. 

Conclusions and Implications 
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In conclusion, this study finds that initial stages of non-primary language development are not 

impaired in older adults, although aging does yield a temporary disadvantage on aural assessment and 

slower responses are caused by poorer cognitive control. Nevertheless, older adults benefit from having 

higher aptitude than young adults and tend toward having an advantage in retention, especially on written 

assessments (interpretation and production). Although young bilinguals (and to a lesser extent, young 

adults in general) in the more explicit condition were often the advantaged group in higher-level 

interactions, they often were not statistically different from older bilinguals or older adults in general in 

the less explicit condition (or, in one case, older bilinguals in the more explicit condition). Crucially, this 

lack of a difference was particularly notable at delayed posttest, when older groups often showed an 

increase in accuracy while young groups decreased in accuracy. 

 In terms of bilingualism, this study finds multiple advantages in non-primary language 

development, mostly related to increased aptitude in bilingual participants of both ages. Bilinguals also 

seemed to have a more sophisticated approach to interpreting Latin sentences, as they had advantages on 

both SVO and AGR items that cannot entirely be due to transfer since monolinguals shared the L1 cue of 

word order. Where there was a language-group difference in RT, it was for bilinguals to be slower in 

responding, suggesting that bilinguals were processing sentences differently than monolinguals. In 

higher-level interactions, bilingualism was often advantageous when combined with a more explicit 

instructional condition or a more explicit condition and young age. This is likely due to the fact that the 

bilinguals of both age groups were classroom learners of the L2 and so were used to receiving grammar 

explanations and incorporating them into TL use; for young bilinguals, this experience was more recent 

than for older bilinguals. 

 Finally, there were advantages to having a pre-practice grammar explanation, although those 

advantages were often limited to immediately following treatment. Participants who gained the most 

accuracy in the more explicit condition were those with high grammatical sensitivity. Although learners 

in the more explicit condition had slower responses at immediate posttest, that was mostly due to low-

aptitude participants and not related to accuracy gains, as it was high-aptitude participants who gained the 
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most in accuracy. In contrast, speedier responses in the less explicit condition was greatest in participants 

with high implicit learning scores, suggesting that implicit learning ability does play a role in the non-

primary language development of less explicit conditions. In higher-level interactions, the advantage of 

the more explicit condition was often limited to young adults and/or bilinguals. Interestingly, older adults 

were not as disadvantaged in the more explicit condition as hypothesized, suggesting that the interaction 

between age and explicit instruction depends on the operationalization of explicitness: interactive 

grammar explanations seem to be less of a strain on older adults than explicit information in feedback.  

 These results have implications for SLA/Bilingualism theory and for classroom pedagogy. 

Firstly, the overall lack of age effects despite the fact that older adults are known to have impaired 

cognition (e.g., Park, 2000) suggests that the conditions of this study were near optimal for older adults. 

Although older participants were well educated and mentally and physically active, they generally 

reported anxiety about attempting to learn a new language at their age. Nevertheless, they generally 

learned as much as young adults did, and regardless of the type of instruction. Therefore, it seems that the 

element present in both conditions – task-essential practice – provided a linguistically rich and focused 

environment that facilitated older adult learning. Additional support to this interpretation is that there was 

an age effect in the grammar quiz taken in the more explicit condition, but no age effect in assessments, 

i.e., after completing task-essential practice. This corroborates evidence from studies of young adults that 

show that meaningful, task-essential practice has a greater impact on language learning than grammar 

explanations (e.g., Lado et al., forthcoming; Sanz & Morgan-Short, 2004) and suggests that practice in the 

target language is equally crucial for older adults. Comparing to Lenet et al. (2011), which did report a 

disadvantage for older adults in a condition with explicit feedback, we see that language learning for older 

adults should have limited disruptions (e.g., yes/no feedback rather than metalinguistic explanations). If 

explicit information is presented, it should be in a comprehensive, interactive way, such as this study’s 

grammar explanation.  

Additionally, older adults should not be rushed through language-learning activities, as they need 

more time to process and respond than young adults do, and evidence suggest that they benefit by being 
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able to take their time and have repeated exposures to the input (e.g., unlike our AI test). Along the same 

lines, the learning arc for older adults seems to steadily increase over time, so steps should be taken to 

reassure older students if they feel that they are not initially learning as much as they expected. 

 This study also makes unique contributions to the study of bilingualism and L3 acquisition by 

considering young adult and older adult bilinguals, all of whom had begun speaking their second 

language in a formal, classroom setting in adolescence or beyond. Bilinguals (in both age groups) did not 

have advantages in domain-general cognitive abilities (attentional control or implicit sequence learning), 

but they did have domain-specific advantages in metalinguistic abilities. Thus, this study contributes to 

Bialystok’s (2001) control and analysis framework by showing an advantage for late bilinguals in 

analysis. Additionally, the advantage in analysis led to greater accuracy in the initial stages of learning, 

suggesting that the ability to play with language and identify morphosyntactic cues is helpful, even when 

grammar explanations are given. The current results do not indicate whether the increase in aptitude is 

from the bilingual experience or whether these people became bilingual because they have a natural 

linguistic ability. There has yet to be a longitudinal study to satisfactorily answer that question. However, 

evidence of enhanced metalinguistic abilities in bilingual societies, where it is not an individual’s choice 

to become bilingual (e.g., Jessner, 2008), suggests a cause-effect relationship that may be present in self-

selected bilinguals as well. Therefore, this study finds evidence to support secondary and tertiary foreign 

language education, as learners with that experience will have an easier time learning a third language 

(even much later in life, as in the case of the older bilinguals) and their enhanced metalinguistic abilities 

may yield advantages in other linguistic activities, such as writing or speaking publicly, even within their 

L1 or L2. This latter possibility is a point for future research. Finally, both bilinguals and participants 

with high aptitude achieved greater accuracy scores than other learners in the more explicit condition – 

meaning that monolinguals and those with lower aptitude were at a disadvantage in this condition. 

Therefore, once again task-essential practice emerges as the most effective method for students of mixed 

backgrounds to adjust from their L1 processing tendencies to approach the most effective way of 

processing the TL. 
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 In sum, this dissertation makes novel contributions to SLA from a cognitive approach by 

considering the under-studied populations of bilinguals and older adults. Results relate to SLA theory on 

explicit instruction and theories of bilingual advantages. The role of instructional condition also sheds 

light on how non-primary language development takes place and offers suggestions for best practices in 

instructed settings. 
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Appendix A: Latin Project treatments and tests 

1. Sample item from less explicit treatment. Participants pick the correct English translation 

in (i) and then the following screen tells them if they were correct. (ii) is an example of 

the feedback screen when the participant’s response was correct. 

(i)      (ii) 

 
2. Sample item from explicit treatment. Prior to the practice that is identical to treatment in 

the less explicit condition, participants in the explicit condition view screens with 

grammar instruction. This screen is part of the instruction of the nominative case in Latin 

(the form of a noun when it is the subject of the sentence). 

 

3. Grammar quiz: Following the interactive grammar explanation, all participants in the 

explicit condition take this pencil-and-paper quiz. 

 

1. Please circle the best definition (with example) of the subject of a sentence in English. 

a. The subject of a sentence is the person or thing that does the action in a sentence. 

For example, in the sentence “Mary greets John,” Mary is the subject. 

b. The subject of a sentence is the person or thing that does the action in a sentence. 

For example, in the sentence “Mary greets John,” John is the subject. 

c. Neither of the above options. 

 

2. Please circle the best definition (with example) of the object of a sentence in English. 

a. The object of the sentence is the person or thing that receives the action in a 

sentence. For example, in the sentence “Mary greets John,” Mary is the object. 

b. The object of the sentence is the person or thing that receives the action in a 

sentence. For example, in the sentence “Mary greets John,” John is the object. 
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c. Neither of the above options. 

 

3. Link every Latin word ending on the left with the correct description of it on the right by 

writing the appropriate letter in the blank space next to it. Each description can be used 

more than once. Some descriptions might not be used at all. 

Word ending      Description 
-nt ________     a. Singular and subject case 

-am ________     b. Singular and object case 

-ae ________     c. Plural and subject case 

-us ________     d. Plural and object case 

-i ________     e. Singular verb 

-a ________     f. Plural verb 

-os ________ 

-t ________          

-um ________      

-as ________       

       

4. In the following Latin sentences, label each word as one of the following: verb, subject, 

or object  

        

a. Magistra laudat  parvulum. 

________ ________ ________ 

 

b. Magistram laudant  parvulae. 

________ ________ ________ 

a.  

 

4. Sample item from aural interpretation test (pre, post and delayed posttests are all a similar 

format). Participants listen to a Latin sentence and pick the corresponding picture or “I 

don’t know”. 

5. Sample item from written interpretation test (pre, post and delayed posttests are all a 

similar format): This test is identical to (C), except the Latin sentence is written on the 

screen instead of delivered aurally. 
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6. Sample item from grammaticality judgment test (pre, post and delayed posttests are all a 

similar format). Participants decide whether the presented sentence is grammatically 

correct or pick “don’t know.”  

 

7. Sample item from written interpretation test (pre, post and delayed posttests are all a 

similar format). Participants combine word stems with endings to describe the picture 

presented. 

 

8. Latin debriefing questionnaire (based off of Lin, 2009): All participants complete this 

questionnaire following the delayed post-test. 

 
Please answer the following questions regarding the language learning study. 

Answer them IN ENGLISH with as much detail as possible. You have as much time as you need for each 

one. 

1. What do you think the purpose of this experiment was? 

2. What did you learn as a result of interacting with the tasks? Give an example if possible. 

3. Did you notice any particular aspect(s) of the Latin language as you worked through the activities? If 

yes, what? 

4. If you can, please give some sort of rule(s) to explain to someone else how to understand or make a 

sentence in Latin. 

5. What is your overall evaluation of the learning lesson (Session 2)? Did you find it enjoyable or useful in 

any way? 

6. Depending on what group you were in, the computer program (Session 2) may have had a grammar 

lesson, practice exercises, and feedback during the practice exercises. 

What did you like or dislike about these different elements? 

7. Is there anything else you would like to tell us or that you think we should know about the experiment? 
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Appendix B: Language background questionnaire (adapted with permission from 

Tagarelli & Serafini, 2012) 

PART 1: CONSENT REMINDER 

Please complete the following questionnaire so that we may learn about your previous 

experience with language learning. The questionnaire should take about 20 minutes of your time, 

and the information you provide is confidential.  

If you have questions about the study, you may contact:  

Jessica Cox at (302) 354-7122 or jgc48@georgetown.edu 

Dr. Cristina Sanz, at sanzc@ georgetown.edu. 

 

 

PAGE 2: PERSONAL INFORMATION  

Participant ID: _____________________________ 

1. Date of birth: 

______________________________________________________________________  

2. Sex: Female / Male   

3. Hand preference: Left / Right/Other 

4. Do you have any known (uncorrected) visual or hearing problems? Yes / No 

IFYES: Please explain 

___________________________________________________________ 

6. Please indicate the highest level of education you have achieved and where (i.e., country) you 

attended school for each level. 

- Primary _________________________________________  

- Secondary _______________________________________ 

- College _________________________________________ 

- Graduate school __________________________________ 

 

7. What is your current occupation? 

a. Student b. Faculty Member (e.g., Associate Professor, Staff, etc.)  c. Other: 

______ 

 8. Were you born in the US?    Y N 

 9. IFNO: At what age did you begin residing in the 

US?__________________________________ 

 10. IFYES: Have you spent an extended period of time in any countries besides the US? (i.e., 

one month or more)     Y    N  

 

 

IFNO to 10 or YES to 12:  

11.  Please indicate the years since your initial arrival to the US in which you visited or resided 

in other countries and the length of each visit or period of residence. 

Example: 1995: 8 months in China        

  1997: 6 weeks in England 

1998-present: continuous residence in the US except for holiday vacations in Peru 

Year: Length of Stay 

 

 

mailto:sanzc@hoyamail.georgetown.edu
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12. How often do you use a computer and for what purposes? (e.g., 2 hours a day for email, 1 

hour a day for word processing, etc.) 

Hours/day Purpose 

  

  

  

 

PAGE 3: GENERAL LANGUAGE BACKGROUND 

1. What is your native language (the language you first spoke)? If there is more than one, please 

include all of them. 

 

 

 

 

 

2.  Do you speak/know any other languages besides your native language(s)?  If so, please list 

them below and the age at which you started learning each language. 

Example: 
Native language (1)-English: Birth 

Second language-Spanish: 14 years 

Language: Age 

 

 

 

 

 

 

 

 

PART 4: DETAILED LANGUAGE BACKGROUND 

We would now like to ask you some more specific questions about each of the languages you 

speak, including your native language.  At the end of each set of questions, please click 

“Continue” if you have not yet provided information on all of your languages.  When you have 

answered questions for all of your languages, please click “Done.”  

1. Native Language: _________________________ 

2. Did you receive any formal instruction in this language? Yes / No  

a. If YES: Please describe as much as possible about being formally instructed in this language, 

including names and locations of courses as well as when and for how long you took them. Also, 

please indicate the approximate number of hours per week you spent in class for each course. 

Course: ________________________________ 

Location: _______________________________ 
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Approximate dates: _______________________  

Total hours per week: _____________________ 

Course: 

___________________________________________________________________________

___ 

Approximate dates: ____________________________ Location: 

_______________________________ 

Total hours per week: 

___________________________________________________________________ 

3.   How would you rate your PRESENT proficiency in this language in each of the areas listed 

below? Please use the following scale:  

6 = LIKE A NATIVE SPEAKER   3 = FUNCTIONAL 

5 = NEAR (ALMOST) NATIVE   2 = POOR 

4 = GOOD      1 = NONE OR ALMOST NONE 
 

Speaking 1 2 3 4 5 6 

Reading 1 2 3 4 5 6 

Writing  1 2 3 4 5 6 

Listening 1 2 3 4 5 6 

 

4. Was there a point in your life when you were more proficient in this language than you are now? 

Y  N 
a. If NO: Continue to question 5. 
 

5. Please rate your usage of this language in the following contexts. 

4 = ALWAYS   2 = RARELY 

3 = FREQUENTLY  1 = NEVER  

I speak it at work:   1 2 3 4 

I speak it at home:   1 2 3 4 

I read it at work:   1 2 3 4 

I read it at home:   1 2 3 4 

I write it at work:   1 2 3 4 

I write it at home:   1 2 3 4 

I listen to it at work:    1 2 3 4 

I listen to it at home:   1 2 3 4 

 

If you speak another language, please click “Add Language.”  If you have completed all of the 

above information for all of the languages you speak, click “Done.” 

-------------------------------------------------------- 

[Note: Once the participant has indicated that he/she has filled out all of the information in Part 

4 for all of his/her languages by clicking “Done,” he/she will move on to Part 5.] 

-------------------------------------------------------- 

PART 5: LANGUAGE USE WITH CERTAIN ACTIVITIES 

We would now like to ask you about the languages you use for certain activities.  For each of the 

activities listed below, please type the languages you use when engaging in them.  If you use 

more than one language for a certain activity, please list the language you use most often in the 
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first box, followed by the next most frequent language you use for that activity, and so on.  If you 

use two or more languages with equal frequency, write them in the same box. 

For example, if you read mostly English books and newspapers, but also read some news in 

Spanish as well, your answer would look like this: 

1. English 

2. Spanish 

3. 

4. 

 

You do not need to fill out all of the boxes.  If an activity does not apply to you, you may leave 

that section blank. 

Leisure reading (including electronic & paper media) 

1. 

2 

3. 

4. 

 

Course- or work-related reading 

1. 

2 

3. 

4. 

 

Leisure writing (including email) 

1. 

2 

3. 

4. 

 

Course- or work-related writing 

1. 

2 

3. 

4. 

 

Talking 

1. 

2 

3. 

4. 

 

Watching TV/film 

1. 

2 

3. 

4. 
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Expressing affection 

1. 

2 

3. 

4. 

 

Swearing/ cursing 

1. 

2 

3. 

4. 

 

Dreaming 

1. 

2 

3. 

4. 

 

Counting 

1. 

2 

3. 

4. 

 

Talking/thinking to yourself 

1. 

2 

3. 

4. 

 

Are there any other activities that you engage in frequently?  If so, please indicate the languages 

you use with them below. 

Other: ________________________ 

1. 

2. 

3. 

4. 

 

Other: ________________________ 

1. 

2. 

3. 

4. 
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PART 6: SUMMARY OFLANGUAGE USE AND ADDITIONAL COMMENTS  
 

Overall, during a typical week, approximately what percentage of the time do you spend using 

each of your languages? 

(Note that percentages should add up to 100%. If they do not, please briefly explain why.) 

Example:  

English: 50% 

Spanish: 30% 

German: 20% 

When you are at home? (Note that percentages should add up to 100%. If they do not, please 

briefly explain why.) 

Language: Percentage of Time 

 

 

 

 

 

 

Comments: 

 

 

When you are at work? (Note that percentages should add up to 100%. If they do not, please 

briefly explain why.) 

 

Language: Percentage of Time 

 

 

 

 

 

 

Comments: 

 

 

Please briefly describe any other language knowledge or experience you have had that the 

previous questions have not captured. For example: do you speak a dialect that is very different 

from your country’s official language? Do you speak more than 6 languages?  

 
 
 
 
 
 
 

 

Please provide any additional comments you have here. 



 

254 

 

 
 
 
 
 
 

 

You have completed the questionnaire! Thank you! 
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Appendix C: Attentional Network Task  

(Graphic from Fan et al., 2002) 

 

Participants respond by pressing the right or left arrow according to the center arrow on the 

target screen. The four cue conditions and six stimuli allow for distinction of 3 attentional 

networks: orienting in the difference in reaction times for spatial cue v. central cue trials, alerting 

in the difference in RTs for double cue v. no cue trials, and executive control in the difference in 

congruent v. incongruent trials. There are 8 trials per experimental block for a total of 96 trials 

per block. The task takes about 20 minutes to complete. 
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Appendix D. Simon task  

  

+ 

This Simon task follows the guidelines in Bialystok et al. (2004). On each trial, a red or blue 

rectangle appears on either the left or right side of the screen. Participants are instructed to 

disregard the location of the square and respond by pressing the keyboard key corresponding 

to the color. To lower the WM demands required for remembering the instructions, the two 

relevant keys are covered with blue and red stickers, respectively. Each stimulus appeared 

on the screen for a maximum of 1000 ms. The fixation cross between stimuli remained on 

the screen for 800 ms. 

+ 
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Appendix E: ASRT task  

1. Graphic from Romano, Howard & Howard (2011) 

 
 

On each trial, one circle fills in and remains filled in until the participant presses the 

keyboard key that corresponds to that location (see figure above). After a delay of 

120 ms, the next trial then appears. Pattern and random trials alternate, as seen in the 

right-hand side of the figure, but participants are not told of the pattern and generally 

remain unaware of it. Therefore, decreasing RT to pattern trials constitutes a measure 

of implicit learning. The version used in this study takes 20-30 minutes to complete. 

2. Post-task questionnaire  

1. Do you have anything to report regarding the task? 

2. Did you notice anything special about the task or the materials? If yes, please 

describe. 

3. Did you notice any regularity in the way the stimulus was moving on the 

screen? (If yes, please describe the sequence in your own words. If no, skip to 

question 5.) 

4. Did you attempt to take advantage of the regularities you noticed in order to 

anticipate subsequent targets? If so, did this help? 

5. In fact, there was some regularity to the sequences you observed. What do you 

think it was? That is, try to describe any regularity you think might have been 

there. 

6. In fact, you saw a variety of sequences. Some appeared more frequently and 

some appeared less frequently. Each card represents on sequence of three dots 

in a row. Please sort the cards into two stacks: those you think you saw more 

frequently and those you think you saw less frequently.   
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Appendix F: Digit-Symbol Coding Task 

Participants receive a sheet of paper with a key at the top of the page showing the digits from 

one to nine and a unique symbol assigned to each digit.  A seven-row grid beneath the key 

will show randomly ordered digits with empty boxes beneath each one.  The participant’s 

task is to use the key to copy the symbols that correspond to the digits in the empty boxes.  

One of the investigators will explain the instructions and demonstrate the task to the 

participant, who will then complete practice examples.  The test consists of 140 items (empty 

boxes).  The participant receives two minutes to complete as much of the grid as they can, 

and one point is awarded for each correctly copied symbol.   
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Appendix G. NAART 
Experimenter Script:  

“I want you to read slowly down this list of words starting here (indicating 1. Debris), and continuing down this 

column and onto the next.  After each word, please wait until I say ‘Next’ before reading the next word.  I must 

warn you that there are many words you probably won’t recognize; in fact, most people don’t know them, so just 

guess at these.  OK?  Go ahead.”  

Note: the participant should be encouraged to guess, and all responses should be reinforced (“Good,” “That’s fine,” 

etc.).  The participant may change a response if he or she wishes to do so, but if more than one version is given, the 

participant must decide on the final choice.  No time limit is imposed.  

Scoring: add up the raw score of the total number of mispronunciations the participant has made.  

Pronunciation guide (underlined portion is stressed) 

1. Debris = duh-bree 

2. Simile = sih-mih-lee  

3. Subtle = suh-tull  

4. Bouquet = bow-kay / boo-kay 

5. Colonel = ker-null  

6. Rarefy = rare-if-eye  

7. Gist = jihst  

8. Corps = core  

9. Hors d’oeurve = or-durve 

10. Sieve = sihve  

11. Hiatus = high-ay-tus  

12. Gauche = goash  

13. Zealot = zell-it  

14. Paradigm = pair-uh-dime / par-uhdime  

15. Façade = fuh-sod 

16. Cellist = chell-ist  

17. Indict = in-dight 

18. Détente = day-taunt 

19. Impugn = ihm-pyune 

20. Aeon = ee-yawn  

21. Epitome = eh-pih-tuh-mee  

22. Reify = ray-ih-fye  

23. Indices = in-dih-sees  

24. Assignate = a(a as in apple)-sig-nate  

25. Topiary = toe-pee-air-ee  

26. Caveat = caw-vee-aht / cah-vee-aht  

27. Leviathan = leh-vye-uh-thin  

28. Quadruped = quah-druh-ped  

29. Sidereal = sigh-deer-ee-al  

30. Abstemious = ab-stee-mee-us  

31. beatify = bee-a(a as in apple)-tih-fye  

32. Gaoled = jailed  

33. Demesne = deh-mayne / deh-meen 

34. Syncope = sin-coh-pee  

35. Ennui = on-wee 
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Appendix H. Correlation matrix: Background variables with Latin learning outcomes. 

Measure Assessment Time  Years of Ed Yrs of Latin 
Latin Mass 

(yrs) 
Digit-Symbol NAART 

Accuracy 
gains 

WI Immediate 
Pearson 
correl. 

-.01 .07 -.01 .19 -.20 

   p .90 .50 .92 .08 .06 

   N 91 91 91 90 90 

  Delayed 
Pearson 
Correl. 

.13 .12 -.04 .06 -.27
*
 

   P .21 .27 .72 .59 .01 

   N 93 93 93 92 92 

 AI Immediate 
Pearson 
Correl. 

.09 .06 .07 .13 -.23
*
 

   P .38 .61 .50 .25 .03 

   N 90 90 90 89 89 

  Delayed 
Pearson 
Correl. 

.17 .12 .10 .08 -.11 

   P .11 .27 .33 .46 .30 

   N 91 91 91 90 90 

 GJT Immediate 
Pearson 
Correl. 

.09 .07 -.20 .05 -.14 

   P .39 .53 .06 .65 .19 

   N 91 91 91 90 89 

  Delayed 
Pearson 
Correl. 

.02 .06 -.21
*
 .01 -.08 

   P .84 .60 .046 .90 .46 

   N 93 93 93 92 91 

 Production Immediate 
Pearson 
Correl. 

.07 -.02 .01 -.05 -.17 

   P .54 .85 .96 .67 .12 

   N 88 88 88 87 87 

  Delayed 
Pearson 
Correl. 

.14 .02 -.03 -.17 -.28
*
 

   P .21 .88 .80 .11 .01 

   N 89 89 89 88 88 

Changes in 
RT 

WI Immediate 
Pearson 
Correl. 

.37** -23* .17 -.33** -.14 

   P .000 .03 .12 .002 .21 

   N 88 88 88 87 87 

  Delayed 
Pearson 
Correl. 

.34** .20 .04 -.32 -.24 

   P .001 .36 .71 .002 .03 

   N 91 91 91 90 90 

 AI Immediate 
Pearson 
Correl. 

.15 -.05 -.13 -.04 .04 

   P .15 .67 .24 .72 .72 

   N 88 88 88 87 87 

  Delayed 
Pearson 
Correl. 

.17 .09 .02 -.08 .001 

   P .11 .38 .85 .46 .99 

   N 89 89 89 88 88 
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 GJT Immediate 
Pearson 
Correl. 

.14 .16 .13 -.17 -.24* 

   P .20 .16 .23 .12 .03 

   N 84 84 84 83 82 

  Delayed 
Pearson 
Correl. 

.10 .01 -.09 -.25* .18 

   P .36 .35 .96 .43 .02 

   N 86 86 86 85 84 

 Production Immediate 
Pearson 
Correl. 

-.16 .01 -.003 .13 -.02 

   P .14 .92 .98 .23 .86 

   N 88 88 88 87 87 

  Delayed 
Pearson 
Correl. 

-.17 -.19 -.10 .07 .12 

   P .12 .07 .35 .53 .27 

   N 89 89 89 88 88 

Note. WI = written interpretation, AI = aural interpretation, GJT = grammaticality judgment test. Immediate = 
immediate post – pretest score, Delayed = delayed posttest – pretest score. 
*. Correlation is significant at the 0.05 level (2-tailed). 
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Appendix I. Written interpretation accuracy: Descriptive statistics. 

 Means (standard deviations in parentheses). 
Age Language 

Group 
Treatment n Pretest n Posttest n Delayed 

posttest 

Younger Monolingual +G 12 5.50  
(.80) 

11 7.73 
(2.94) 

12 6.75 
(2.18) 

  -G 16 5.69  
(1.40) 

16 7.50 
(2.00) 

16 7.00 
(2.00) 

 Bilingual +G 10 6.40  
(1.78) 

10 11.50 
(.53) 

10 9.40 
(1.58) 

  -G 11 6.55  
(.52) 

11 8.09 
(2.63) 

11 8.55 
(1.87) 

Older Monolingual +G 11 5.18  
(1.40) 

11 8.00 
(3.52) 

11 8.27 
(2.61) 

  -G 12 6.42  
(1.00) 

12 6.42 
(2.11) 

12 7.08 
(1.83) 

 Bilingual +G 11 5.09  
(1.45) 

10 8.80 
(1.48) 

11 8.36 
(2.16) 

  -G 10 6.00  
(2.36) 

11 8.45 
(2.02) 

11 8.82 
(2.09) 

Note. Maximum score = 12. 

 

  



 

263 

 

Appendix J. Descriptive statistics: Aural interpretation accuracy.  

Means (and standard deviations in parentheses). 
Age Language 

Group 
Treatment n Pretest n Posttest n Delayed 

posttest 

Younger Monolingual +G 12 5.67 
(1.78) 

11 7.45 
(3.33) 

12 6.58 
(2.43) 

  -G 16 5.31 
(1.35) 

16 6.63 
(2.60) 

16 6.06 
(1.24) 

 Bilingual +G 10 6.30 
(2.11) 

10 11.20 
(.92) 

10 9.60 
(1.90) 

  -G 11 6.18 
(1.99) 

11 8.27 
(2.15) 

11 8.55 
(2.07) 

Older Monolingual +G 11 5.00 
(2.32) 

11 7.64 
(3.23) 

11 6.45 
(3.36) 

  -G 12 6.27 
(1.90) 

12 6.50 
(1.93) 

12 6.67 
(1.97) 

 Bilingual +G 11 5.55 
(2.91) 

10 7.60 
(2.22) 

11 8.64 
(1.50) 

  -G 10 5.70 
(1.34) 

11 7.18 
(2.44) 

11 8.30 
(2.36) 

Note. Maximum score = 12. 
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Appendix K. Descriptive statistics: GJT accuracy.  

Means (and standard deviations in parentheses). 
Age Language 

Group 
Treatment n Pretest n Posttest n Delayed 

posttest 

Younger Monolingual +G 12 5.92 
(1.56) 

11 6.82 
(2.86) 

12 6.25 
(2.53) 

  -G 16 5.25 
(2.05) 

16 6.00 
(1.21) 

16 6.00 
(1.83) 

 Bilingual +G 10 5.30 
(2.95) 

10 10.30 
(1.57) 

10 7.60 
(2.99) 

  -G 11 5.64 
(2.69) 

11 6.27 
(2.61) 

11 6.27 
(1.68) 

Older Monolingual +G 11 5.64 
(3.08) 

11 6.82 
(2.96) 

11 7.27 
(2.53) 

  -G 12 5.73 
(1.85) 

12 5.83 
(2.55) 

12 5.42 
(2.35) 

 Bilingual +G 11 6.00 
(2.61) 

10 8.60 
(1.65) 

11 6.55 
(2.21) 

  -G 10 5.36 
(2.62) 

11 6.27 
(2.83) 

11 7.64 
(2.42) 

Note. Maximum score = 12. 
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Appendix L. Descriptive statistics: Production accuracy.  

Means (and standard deviations in parentheses). 
Age Language 

Group 
Treatment n Pretest n Posttest n Delayed 

posttest 

Younger Monolingual +G 12 12.08 
(3.09) 

11 17.36 
(4.91) 

12 14.25 
(4.25) 

  -G 16 14.06 
(5.46) 

16 14.75 
(4.77) 

16 15.13 
(4.26) 

 Bilingual +G 10 17.50 
(4.09) 

10 28.90 
(1.29) 

10 25.40 
(4.30) 

  -G 10 16.60 
(3.17) 

11 18.27 
(5.06) 

11 18.09 
(7.12) 

Older Monolingual +G 11 17.00 
(5.33) 

11 20.64 
(5.64) 

11 20.27 
(6.18) 

  -G 11 13.09 
(4.32) 

11 15.64 
(5.77) 

11 15.82 
(4.49) 

 Bilingual +G 11 15.82 
(4.79) 

9 23.33 
(4.61) 

10 22.90 
(5.17) 

  -G 10 18.10 
(5.49) 

10 19.00 
(7.44) 

11 20.73 
(7.54) 

Note. Maximum score = 30. 
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Appendix M.  Descriptive statistics: Cue analysis of WI and AI critical items combined.  

Means (and standard deviations). 
    Pre  Post  Delayed 

Age Language 
Group 

Treatment n AGR CASE SVO n AGR CASE SVO n AGR CASE SVO 

Young Monol. +G 12 .30 
(.21) 

.49 
(.14) 

.72 
(.21) 

11 .64 
(.27) 

.68 
(.24) 

.78 
(.17) 

12 .52 
(.22) 

.53 
(.23) 

.67 
(.25) 

  -G 16 .30 
(.20) 

.46 
(.18) 

.78 
(.21) 

16 .56 
(.24) 

.54 
(.21) 

.68 
(.28) 

16 .57 
(.23) 

.46 
(.11) 

.72 
(.21) 

 Bilingual +G 10 .39 
(.19) 

.46 
(.15) 

.89 
(.18) 

10 .92 
(.07) 

.94 
(.05) 

1.00 
(.00) 

10 .97 
(.06) 

.59 
(.23) 

.89 
(.13) 

  -G 11 .35 
(.09) 

.54 
(.23) 

.84 
(.18) 

11 .77 
(.21) 

.56 
(.23) 

.78 
(.27) 

11 .79 
(.20) 

.56 
(.24) 

.86 
(.16) 

Older Monol. +G 11 .29 
(.26) 

.50 
(.18) 

.62 
(.32) 

11 .69 
(.25) 

.57 
(.29) 

.74 
(.32) 

11 .52 
(.36) 

.56 
(.22) 

.77 
(.25) 

  -G 11 .41 
(.15) 

.52 
(.20) 

.73 
(.25) 

11 .50 
(.21) 

.56 
(.16) 

.68 
(.29) 

11 .44 
(.23) 

.57 
(.20) 

.80 
(.14) 

 Bilingual +G 10 .28 
(,13) 

.39 
(.23) 

.71 
(.28) 

9 .75 
(.15) 

.61 
(.25) 

.85 
(.24) 

10 .71 
(.19) 

.63 
(.18) 

.93 
(.09) 

  -G 9 .36 
(.19) 

.43 
(.15) 

.75 
(.33) 

10 .59 
(.31) 

.58 
(.16) 

.91 
(.12) 

10 .69 
(.26) 

.63 
(.23) 

.89 
(.11) 

Note. Accuracy is expressed as the proportion of correct responses. AGR = items in which noun-verb agreement is 
informative; CASE = items in which only noun case morphology is informative; SVO = items in which word order is 
informative (noun-verb agreement is also informative in half the cases). 
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Appendix N.  Descriptive statistics: Pen-and-paper Grammar Quiz. 

Age Language Group n Mean score Standard 
deviation 

Younger Monolingual 12 8.00  2.45 

 Bilingual 10 12.00 .00 

Older Monolingual 10 9.80 2.62 

 Bilingual 11 10.00 1.67 

Note. Quiz taken by +G participants only. Maximum score = 12. 
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Appendix O. Descriptive statistics: WI latency, in milliseconds.  

Means (and standard deviations in parentheses). 
Age Lg Group Treatment n Pre n Post n Delayed 

Young 

Monolingual 
+G 12 

7828.04 
(3790.30) 

11 
6869.64 
(4328.78) 

12 
8085.45 
(3192.14) 

-G 16 
7893.98 
(2140.02) 

16 
5325.71 
(2731.45) 

16 
5878.49 
(2638.49) 

Bilingual 
+G 10 

9145.15 
(2422.71) 

10 
7148.60 
(1980.51) 

10 
8150.04 
(1782.15) 

-G 11 
8634.93 
(3262.42) 

11 
6542.79 
(1560.72) 

11 
7176.37 
(2093.71) 

Older 

Monolingual 
+G 11 

12183.28 
(5142.15) 

11 
13170.45 
(6249.60) 

11 
13625.41 
(5995.88) 

-G 12 
11558.09 
(2353.51) 

12 
12212.73 
(4868.95) 

12 
12936.14 
(3918.33) 

Bilingual 

+G 11 
10820.04 
(5837.18) 

9 
12828.17 
(4406.76) 

11 
16167.54 
(6587.13) 

-G 9 
10402.57 
(4349.19) 

11 
12747.88 
(5398.22) 
 

11 
13431.67 
(4689.22) 

Note. The number of participants in each cell may be lower for latency than for accuracy because where 
accuracy is 0, no average RT can be calculated.  
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Appendix P. Descriptive statistics: AI latency, in milliseconds.  

Means (and standard deviations in parentheses). 
Age LgGroup Treatment n Pre n Post n Delayed 

Younger 

Monolingual 
+G 12 

7460.87 
(1789.16) 

10 
7491.89 
(1816.51) 

12 
7818.61 
(3440.80) 

-G 16 
7974.12 
(1999.51) 

16 
6837.95 
(1816.51) 

16 
6744.25 
(2207.60) 

Bilingual 
+G 10 

8684.67 
(4209.92) 

10 
7448.07 
(1693.90) 

10 
7230.42 
(1702.21) 

-G 11 
7243.80 
(1571.87) 

11 
7024.07 
(1451.53) 

11 
7167.32 
(1205.25) 

Older 

Monolingual 
+G 10 

10713.66 
(4479.29) 

11 
12131.87 
(5480.24) 

11 
11563.85 
(3509.50) 

-G 11 
9219.19 
(1892.17) 

12 
10584.83 
(1953.98) 

11 
10479.70 
(2213.66) 

Bilingual 
+G 11 

11713.00 
(4615.35) 

10 
10361.18 
(3168.67) 

11 
11828.28 
(2847.82) 

-G 10 
10619.55 
(4913.74) 

11 
11229.31 
(5881.73) 

10 
11602.87 
(4406.62) 

Note. The number of participants in each cell may be lower for latency than for accuracy because where 
accuracy is 0, no average RT can be calculated. 
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Appendix Q. Descriptive statistics: GJT latency, in milliseconds.  

Means (and standard deviations in parentheses). 

 
Age Lg Group Treatment n Pre n Post n Delayed 

Younger 

Monolingual 
+G 11 

2966.11 
(2112.21) 

11 
4449.73 
(3308.74) 

12 
3774.54 
(3034.75) 

-G 14 
4628.38 
(2506.75) 

16 
2953.22 
(1300.99) 

16 
3160.89 
(2124.99) 

Bilingual 
+G 9 

6396.22 
(2267.85) 

10 
6952.11 
(2027.67) 

10 
6190.68 
(2402.01) 

-G 10 
5165.84 
(2027.24) 

11 
4945.75 
(2613.26) 

11 
4843.41 
(1675.80) 

Older 

Monolingual 
+G 11 

7916.25 
(3385.36) 

11 
9187.84 
(4996.48) 

11 
8455.91 
(4245.90) 

-G 11 
7444.73 
(2785.53) 

11 
7954.20 
(1337.21) 

11 
7047.89 
(2216.69) 

Bilingual 
+G 11 

8371.95 
(2991.57) 

10 
10026.10 
(3443.26) 

11 
10777.82 
(4560.21) 

-G 10 
7277.30 
(3067.73) 

11 
8156.66 
(3622.22) 

11 
7461.91 
(2896.37) 

Note. The number of participants in each cell may be lower for latency than for accuracy because where 
accuracy is 0, no average RT can be calculated. 
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Appendix R. Descriptive statistics: Production latency, in milliseconds.  

Means (and standard deviations in parentheses). 
Age LgGroup Treatment n Pre n Post n Delayed 

Younger 

Monolingual 
+G 12 

24354.48 
(3288.27) 

11 
22139.98 
(3296.95) 

12 
21092.97 
(6968.07) 

-G 16 
27345.70 
(9684.54) 

16 
22037.70 
(6659.10) 

16 
24214.15 
(8028.80) 

Bilingual 
+G 10 

24066.28 
(3981.49) 

10 
21742.04 
(3434.20) 

10 
19529.99 
(3807.21) 

-G 10 
24812.94 
(3227.05) 

11 
17875.20 
(3008.11) 

11 
20383.01 
(5636.26) 

Older 

Monolingual 
+G 11 

56476.87 
(20077.46) 

11 
40851.03 
(15379.45) 

11 
44231.15 
(18031.16) 

-G 11 
57990.37 
(28679.77) 

11 
53908.25 
(22939.63) 

11 
46208.80 
(18643.93) 

Bilingual 
+G 11 

58149.15 
(28620.41) 

9 
48760.67 
(19630.39) 

10 
41075.21 
(12666.04) 

-G 10 
52264.64 
(17998.38) 

10 
44502.67 
(12786.80) 

11 
41503.20 
(16893.32) 
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Appendix S. Summary of analyses of accuracy on total items: Age, Language Group, and 

Treatment by Time. 
 df Sum of 

squares 
Mean 
squares 

F p Effect size 
(ƞp

2
) 

Observed 
power 

WI        

Time 2 335.37 167.68 60.38 .000 .42 1.00 

Time x Age 2 11.77 5.89 2.12 .12 .03 .43 

Time x 
LgGroup 

2 27.99 14.00 5.04 .01 .06 .81 

Time x 
Treatment 

2 44.82 22.41 8.07 .000 .09 .96 

Time x Age 
x 
Treatment 

2 3.65 1.82 .66 .52 .01 .16 

Time x 
LgGroup x 
Treatment 

2 3.55 1.78 .64 .53 .01 .16 

Time x Age 
x LgGroup 

2 .72 .36 .13 .88 .002 .07 

Time x Age 
x LgGroup x 
Treatment 

2 15.61 7.80 2.81 .06 .03 .55 

Age 1 4.77 4.77 .78 .38 .01 .14 

Treatment 1 8.89 8.89 1.44 .23 .02 .22 

LgGroup 1 104.57 104.57 16.98 .000 .17 .98 

Age x 
Treatment 

1 5.06 5.06 .82 .37 .01 .15 

Age x 
Language 
Group 

1 15.37 15.37 2.50 .12 .03 .35 

Treatment 
x Language 
Group 

1 1.60 1.60 .26 .61 .003 .08 

Age x 
Treatment 
x Language 
Group 

1 22.31 22.31 3.62 .061 .04 .47 

AI        

Time 2 63.17 31.58 8.53 .000 .10 .96 

Time x 
NAART 

2 25.72 12.86 3.48 .03 .04 .64 

Time x Age 2 32.38 16.19 4.37 .01 .05 .75 

Time x 
LgGroup 

2 61.74 30.87 8.34 .000 .10 .96 

Time x 
Treatment 

2 12.87 6.44 1.74 .18 .02 .36 

Time x Age 
x 

2 .12 .06 .02 .98 .000 .05 
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Treatment 

Time x 
LgGroup x 
Treatment 

2 1.01 .51 .14 .87 .002 .07 

Time x Age 
x LgGroup 

2 2.12 1.06 .29 .75 .004 .10 

Time x Age 
x LgGroup x 
Treatment 

2 11.15 5.58 1.51 .23 .02 .32 

NAART 1 79.48 79.48 13.29 .000 .14 .95 

Age 1 73.57 73.57 12.30 .001 .14 .93 

Treatment 1 .43 .43 .07 .79 .001 .06 

LgGroup 1 34.30 34.30 5.74 .02 .07 .66 

Age x 
Treatment 

1 23.87 23.87 3.99 .049 .05 .51 

Age x 
Language 
Group 

1 4.21 4.21 .70 .40 .01 .13 

Treatment 
x Language 
Group 

1 2.65 2.65 .44 .51 .01 .10 

Age x 
Treatment 
x Language 
Group 

1 .18 .18 .03 .86 .000 .05 

GJT
1 

       

Time 1.99 130.62 65.57 16.78 .000 .17 1.00 

Time x 
LatinMass 

1.99 27.89 14.00 3.58 .03 .04 .66 

Time x Age 1.99 5.81 2.92 .75 .48 .01 .18 

Time x 
LgGroup 

1.99 23.69 11.89 3.04 .051 .04 .58 

Time x 
Treatment 

1.99 34.97 17.55 4.49 .01 .05 .76 

Time x Age 
x 
Treatment 

1.99 2.89 1.44 .37 .69 .004 .11 

Time x 
LgGroup x 
Treatment 

1.99 35.03 17.59 4.50 .01 .05 .76 

Time x Age 
x LgGroup 

1.99 5.01 2.51 .64 .53 .01 .16 

Time x Age 
x LgGroup x 
Treatment 

1.99 21.76 10.88 2.80 .06 .03 .54 

LatinMass 1 .91 .91 .11 .74 .001 .06 

Age 1 .02 .02 .00 .96 .00 .05 

Treatment 1 54.38 54.38 6.63 .01 .08 .72 
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LgGroup 1 26.77 26.77 3.26 .08 .04 .43 

Age x 
Treatment 

1 5.48 5.48 .67 .42 .01 .13 

Age x 
LgGroup 

1 1.76 1.76 .22 .64 .00 .07 

Treatment 
x LgGroup 

1 4.68 4.68 .57 .45 .01 .12 

Age x 
Treatment 
x LgGroup 

1 3.23 3.23 .39 .53 .01 .10 

Production        

Time 2 809.84 404.92 43.57 .000 .36 1.00 

Time x Age 2 30.85 15.43 1.66 .19 .02 .35 

Time x 
LgGroup 

2 48.11 24.05 2.59 .08 .03 .51 

Time x 
Treatment 

2 307.78 153.89 16.56 .000 .18 1.00 

Time x Age 
x 
Treatment 

2 43.31 21.65 2.33 .10 .03 .46 

Time x 
LgGroup x 
Treatment 

2 108.47 54.24 5.84 .004 .07 .87 

Time x Age 
x LgGroup 

2 16.82 8.41 .91 .41 .01 .20 

Time x Age 
x LgGroup x 
Treatment 

2 6.44 3.22 .35 .71 .004 .11 

Age 1 69.04 69.04 1.15 .29 .02 .19 

Treatment 1 611.22 611.22 10.21 .002 .12 .88 

LgGroup 1 1165.12 1165.12 19.45 .000 .20 .99 

Age x 
Treatment 

1 5.78 5.78 .10 .76 .001 .06 

Age x 
LgGroup 

1 134.02 134.02 2.24 .14 .03 .32 

Treatment 
x LgGroup 

1 65.37 65.37 1.09 .30 .01 .18 

Age x 
Treatment 
x LgGroup 

1 347.47 347.47 5.80 .02 .07 .66 

Note. Analyses include covariates where they significantly interacted with Time. 
1
 Sphericity violated; Huynh-Feldt correction reported. 
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Appendix T.  Summary of cue analysis repeated-measures ANOVA.  

Time = Pre, Post, Delayed Posttests. CueType = AGR, CASE, SVO.  
 df Sum of 

squares 
Mean 
square 

F p Effect size 
(ƞp

2
) 

Observed 
power 

Time 2 5.19 2.59 65.59 .000 .45 1.00 

Time x Age 2 .21 .11 2.69 .07 .03 .53 

Time x 
Treatment 

2 .82 .41 10.30 .000 .11 .99 

Time x Lg 
Group 

2 .85 .43 10.76 .000 .12 .99 

Time x Age 
x 
Treatment 

2 .06 .03 .72 .49 .01 .17 

Time x Age 
x LgGroup 

2 .03 .02 .41 .67 .01 .12 

Time x 
Treatment 
x LgGroup 

2 .01 .01 .15 .86 .002 .07 

Time x Age 
x 
Treatment 
x LgGroup 

2 .08 .04 1.03 .36 .01 .23 

Cue Type
1
 2.00 9.56 4.78 120.20 .000 .60 1.00 

CueType x 
Age

1
 

2.00 .11 .05 1.34 .27 .02 .29 

CueType x 
Treatment 

2.00 .04 .02 .54 .58 .01 .14 

CueType x 
Lg Group

1
 

2.00 .48 .24 6.00 .003 .07 .88 

CueType x 
Age x 
Treatment

1
 

2.00 .05 .03 .62 .54 .01 .15 

CueType x 
Age x 
LgGroup

1
 

2.00 .07 .04 .93 .39 .01 .21 

CueType x 
Treatment 
x LgGroup

1
 

2.00 .02 .01 .21 .82 .003 .08 

CueType x 
Age x 
Treatment 
x LgGroup

 1
 

2.00 .03 .01 .34 .71 .004 .10 

Time x 
CueType 

4 2.45 .61 17.25 .000 .18 1.00 

Time x 
CueType x 
Age 

4 .57 .14 4.04 .003 .05 .91 

Time x 4 .03 .01 .18 .95 .002 .09 
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CueType x 
Treatment 

Time x 
CueType x 
LgGroup 

4 .23 .06 1.63 .17 .02 .50 

Time x 
CueType x 
Age x 
Treatment 

4 .21 .05 1.50 .20 .02 .46 

Time x 
CueType x 
Age x 
LgGroup 

4 .06 .02 .43 .79 .01 .15 

Time x 
CueType x 
Treatment 
x Lang 
Group 

4 .14 .04 1.02 .40 .01 .32 

Time x 
CueType x 
Age x 
Treatment 
x LgGroup 

4 .12 .03 .81 .52 .01 .26 

Age 1 .26 .26 2.22 .14 .03 .31 

Treatment 1 .24 .24 2.07 .15 .03 .30 

LgGroup 1 2.31 2.31 19.91 .000 .20 .99 

Age x 
Treatment 

1 .26 .26 2.25 .14 .03 .32 

Age x 
LgGroup 

1 .28 .28 2.46 .14 .03 .32 

Treatment 
x LgGroup 

1 .04 .04 .38 .54 .01 .09 

Age x 
Treatment 
x LgGroup 

1 .11 .11 .96 .33 .01 .16 

Note. 
1
 Sphericity violated; Huynh-Feldt correction reported. 
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Appendix U. Summary of analysis of pen-and-paper grammar quiz analysis (taken in +G condition 

only). 
 df Sum of 

squares 
Mean 
square 

F p Effect size 
(ƞp

2
) 

Observed 
power 

Age 1 .11 .11 .03 .87 .001 .05 

Lang Group 1 47.14 47.14 11.81 .001 .23 .92 

Age x Lang 
Group 

1 38.59 38.59 9.67 .003 .20 .86 
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Appendix V. Summary of analyses of latency on total items: Age, Language Group, and Treatment 

by Time. 
 df Sum of 

squares 
Mean 
squares 

F p Effect size 
(ƞp

2
) 

Observed 
power 

WI        

Time 2 41394391.0
6 

20697095.5
3 

3.44 .03 .04 .64 

Time x Age 2 154848208.
76 

77424104.3
8 

12.88 .00 .14 1.00 

Time x 
LgGroup 

2 5089353.74 2544676.87 .42 .66 .01 .12 

Time x 
Treatment 

2 15874570.8
3 

7937285.41 1.03 .36 .01 .23 

Time x Age 
x 
Treatment 

2 575402.44 287701.22 .05 .95 .00 .06 

Time x Lg 
Group x 
Treatment 

2 142760.43 71380.22 .01 .99 .00 .05 

Time x Age 
x Lg Group 

2 12375588.1
2 

6187794.06 1.03 .36 .01 .23 

Time x Age 
x Lg Group 
x 
Treatment 

2 11073480.9
5 

5536740.48 .92 .40 .01 .21 

Age 1 133366495
6.24 

133366495
6.24 

45.59 .000 .37 1.00 

Treatment 1 28688954.2
3 

28688954.2
3 

.98 .33 .01 .17 

Lg Group 1 2273288.82 2273288.82 .08 .78 .00 .06 

Age x 
Treatment 

1 6874984.84 6874984.84 .24 .63 .00 .08 

Age x Lg 
Group 

1 58821387.5
3 

58821387.5
3 

2.01 .16 .03 .29 

Treatment 
x Lg Group 

1 9260925.86 9260925.86 .32 .58 .00 .09 

Age x 
Treatment 
x Lg Group 

1 351102.12 351102.12 .01 .91 .00 .05 

AI
1 

       

Time 2.00 9918560.80 4959280.40 1.04 .36 .01 .23 

Time x Age 2.00 28173736.9
8 

14086868.4
9 

2.95 .055 .04 .57 

Time x Lg 
Group 

2.00 12386844.2
5 

6193422.13 1.30 .28 .02 .28 

Time x 
Treatment 

2.00 8351651.46 4175825.73 .88 .42 .02 .20 

Time x Age 2.00 10095013.7 5047506.86 1.06 .35 .01 .23 
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x 
Treatment 

2 

Time x Lg 
Group x 
Treatment 

2.00 17206985.9
6 

8603492.98 1.80 .17 .02 .37 

Time x Age 
x Lg Group 

2.00 14330220.4
4 

7165110.22 1.50 .23 .02 .32 

Time x Age 
x Lg Group 
x 
Treatment 

2.00 739857.65 369928.83 .08 .93 .00 .06 

Age 1 588926888.
96 

 43.05 .00 .36 1.00 

Treatment 1 54358292.6
2 

 3.97 .050 .05 .50 

Lg Group 1 193871.16  .01 .91 .00 .05 

Age x 
Treatment 

1 8053512.62  .59 .45 .01 .12 

Age x Lg 
Group 

1 395308.88  .03 .87 .00 .05 

Treatment 
x Lg Group 

1 6402479.91  .47 .50 .01 .10 

Age x 
Treatment 
x Lg Group 

1 4101689.46  .30 .59 .00 .08 

GJT
 

       

Time 2 16953032.3
7 

8476516.18 2.16 .12 .03 .44 

Time x Age 2 19114483.4
6 

9557241.73 2.43 .09 .03 .48 

Time x Lg 
Group 

2 10199514.3
0 

5099757.15 1.30 .28 .02 .28 

Time x 
Treatment 

2 29129459.1
9 

14564729.6
0 

3.71 .03 .05 .67 

Time x Age 
x 
Treatment 

2 300450.93 1502251.96 .38 .68 .01 .11 

Time x Lg 
Group x 
Treatment 

2 528884.50 264442.25 .07 .94 .00 .06 

Time x Age 
x Lg Group 

2 1088996.04 544498.02 .14 .87 .00 .07 

Time x Age 
x Lg Group 
x 
Treatment 

2 7401149.75 3700574.88 .94 .39 .01 .21 

Age 1 775216575.
27 

775216575.
27 

47.47 .000 .38 1.00 
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Treatment 1 75213678.7
2 

75213678.7
2 

4.61 .04 .06 .56 

Lg Group 1 124381382.
13 

124381382.
13 

7.62 .01 .09 .78 

Age x 
Treatment 

1 4486335.18 4486335.18 .28 .60 .004 .08 

Age x Lg 
Group 

1 54070639.2
2 

54070639.2
2 

3.31 .07 .04 .44 

Treatment 
x Lg Group 

1 25647883.8
2 

25647883.8
2 

1.57 .21 .02 .24 

Age x 
Treatment 
x Lg Group 

1 4631442.21 4631442.21 .28 .60 .004 .08 

Production        

Time 2 287590851
1.68 

143795425
5.84 

28.55 .000 .27 1.00 

Time x Age 2 577003931.
19 

288501965.
60 

5.73 .004 .07 .86 

Time x Lg 
Group 

2 90430274.8
4 

45215137.4
2 

.90 .41 .01 .20 

Time x 
Treatment 

2 1005368.37 502684.19 .01 .99 .00 .05 

Time x Age 
x 
Treatment 

2 203388030.
40 

101694015.
20 

2.02 .14 .03 .41 

Time x Lg 
Group x 
Treatment 

2 60229189.1
8 

30114594.5
9 

.60 .55 .01 .15 

Time x Age 
x Lg Group 

2 59009930.0
1 

29504965.0
0 

.59 .56 .01 .15 

Time x Age 
x Lg Group 
x 
Treatment 

2 30110.28.0
3 

15055164.0
2 

.30 .74 .00 .10 

Age 1 344732796
27.45 

344732796
27.45 

92.72 .000 .55 1.00 

Treatment 1 4581074.74 4581074.74 .01 .91 .00 .05 

Lg Group 1 292569897.
53 

292569897.
53 

.79 .38 .01 .14 

Age x 
Treatment 

1 1250176.52 1250176.52 .00 .95 .00 .05 

Age x Lg 
Group 

1 1078001.49 1078001.49 .00 .96 .00 .05 

Treatment 
x Lg Group 

1 40818143.3
2 

40818143.3
2 

.11 .74 .00 .06 

Age x 
Treatment 
x Lg Group 

1 28558127.4
6 

28558127.4
6 

.08 .78 .00 .06 
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Note. Analyses include covariates where they were significant. 
1
 Sphericity violated; Huynh-Feldt correction reported. 
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Appendix W. Summary of analyses of accuracy, old and new items separately. 
 df Sum of 

squares 
Mean 
squares 

F p Effect size 
(ƞp

2
) 

Observed 
power 

WI        

Old items        

Time 2 31.58 15.79 11.41 .000 .12 .99 

Time x Age 2 10.29 5.15 3.72 .03 .04 .68 

Time x 
Treatment 

2 9.52 4.76 3.44 .03 .04 .64 

Time x Lg 
Group 

2 7.55 3.77 2.73 .07 .03 .53 

Time x Age 
x 
Treatment 

2 1.28 .64 .46 .63 .01 .13 

Time x Age 
x Lg Group 

2 1.28 .64 .47 .63 .01 .13 

Time x Lg 
Group x 
Treatment 

2 .28 .14 .10 .90 .001 .07 

Time x Age 
x Lg Group 
x 
Treatment 

2 3.90 1.95 1.41 .25 .02 .30 

Age 1 .11 .11 .05 .83 .001 .06 

Treatment 1 .74 .74 .32 .58 .004 .09 

Lg Group 1 23.71 10.17 .002 .11 10.17 .88 

Age x 
Treatment 

1 .39 .39 .17 .68 .002 .07 

Age x 
Language 
Group 

1 4.25 4.25 1.82 .18 .02 .27 

Treatment 
x Lg Group 

1 .70 .70 .30 .58 .004 .08 

Age x 
Treatment 
x Lg Group 

1 2.62 2.62 1.12 .29 .01 .18 

WI        

New items         

Time 2 158.62 79.31 56.33 .000 .40 1.00 

Time x Age 2 .44 .22 .16 .85 .002 .07 

Time x 
Treatment 

2 14.24 7.12 5.06 .01 .06 .81 

Time x Lg 
Group 

2 7.08 3.54 2.51 .08 .03 .50 

Time x Age 
x 
Treatment 

2 2.99 1.49 1.06 .35 .01 .23 

Time x Age 2 .82 .41 .29 .75 .004 .10 
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x Lg Group 

Time x Lg 
Group x 
Treatment 

2 1.43 .72 .51 .60 .01 .13 

Time x Age 
x Lg Group 
x 
Treatment 

2 3.39 1.69 1.20 .30 .01 .26 

Age 1 2.98 2.98 1.52 .22 .02 .23 

Treatment 1 5.07 5.07 2.58 .11 .03 .35 

Lg Group 1 30.08 30.08 15.27 .000 .16 .97 

Age x 
Treatment 

1 3.07 3.07 1.56 .22 .02 .24 

Age x Lg 
Group 

1 3.95 3.95 2.01 .16 .02 .29 

Treatment 
x Lg Group 

1 .09 .09 .05 .83 .001 .06 

Age x 
Treatment 
x Lg Group 

1 8.87 8.87 4.50 .04 .05 .56 

AI
 

       

Old items        

Time 2 82.90 41.45 24.64 .000 .23 1.00 

Time x Age 2 .55 .28 .16 .85 .002 .08 

Time x 
Treatment 

2 20.88 10.44 6.21 .003 .07 .89 

Time x Lg 
Group 

2 17.10 8.55 5.08 .01 .06 .82 

Time x Age 
x 
Treatment 

2 2.69 1.35 .80 .45 .01 .19 

Time x Lg 
Group x 
Treatment 

2 .70 .35 .21 .81 .003 .08 

Time x Age 
x Lg Group 

2 5.20 2.60 1.55 .22 .02 .33 

Time x Age 
x Lg Group 
x 
Treatment 

2 3.72 1.86 1.11 .33 .01 .24 

Age 1 5.62 5.62 2.47 .12 .03 .34 

Treatment 1 3.47 3.47 1.52 .22 .02 .23 

Lg Group 1 22.74 22.74 9.99 .002 .11 .88 

Age x 
Treatment 

1 3.64 3.64 1.60 .21 .02 .24 

Age x Lg 
Group 

1 17.11 17.11 7.52 .01 .09 .11 

Treatment 1 1.16 1.16 .51 .48 .01 .11 
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x Lg Group 

Age x 
Treatment 
x Lg Group 

1 .12 .12 .05 .82 .001 .06 

AI        

New items        

Time 2 9.54 4.77 4.10 .02 .05 .72 

Time x 
NAART 

2 8.30 4.15 3.56 .03 .04 .66 

Time x Age 2 12.62 6.31 5.42 .01 .06 .84 

Time x 
Treatment 

2 .11 .06 .05 .95 .001 .06 

Time x Lg 
Group 

2 12.43 6.21 5.33 .01 .06 .83 

Time x Age 
x 
Treatment 

2 1.08 .54 .46 .63 .01 .12 

Time x Lg 
Group x 
Treatment 

2 2.95 1.4 1.27 .28 .02 .27 

Time x Age 
x Lg Group 

2 1.25 .62 .54 .59 .01 .14 

Time x Age 
x Lg Group 
x 
Treatment 

2 1.75 .88 .75 .47 .01 .18 

NAART 1 19.66 19.66 10.25 .002 .11 .89 

Age 1 18.55 18.55 9.67 .003 .11 .87 

Treatment 1 .02 .02 .01 .93 .000 .05 

Lg Group 1 11.24 11.24 5.75 .02 .07 .67 

Age x 
Treatment 

1 7.24 7.24 3.78 .056 .05 .48 

Age x Lg 
Group 

1 .44 .44 .23 .63 .003 .08 

Treatment 
x Lg Group 

1 .63 .63 .33 .57 .004 .09 

Age x 
Treatment 
x Lg Group 

1 2.27 2.27 1.18 .28 .02 .19 

GJT
 

       

Old items
1
        

Time 1.95 23.61 12.14 6.92 .001 .08 .92 

Time x Age 1.95 5.19 1.     

Time x 
Treatment 

1.95 8.87 4.56 2.60 .08 .03 .51 

Time x Lg 
Group 

1.95 5.38 2.76 1.58 .21 .02 .33 

Time x Age 1.95 1.17 .60 .34 .71 .004 .10 



 

285 

 

x 
Treatment 

Time x Lg 
Group x 
Treatment 

1.95 11.19 5.75 3.28 .04 .04 .61 

Time x Age 
x Lg Group 

1.95 1.40 .72 .41 .66 .01 .12 

Time x Age 
x Lg Group 
x 
Treatment 

1.95 10.16 5.08 2.98 .055 .04 .56 

Age 1 .36 .36 .12 .73 .001 .06 

Treatment 1 3.45 3.45 1.12 .29 .01 .18 

Lg Group 1 6.61 6.61 2.15 .15 .03 .31 

Age x 
Treatment 

1 .01 .01 .00 .97 .00 .05 

Age x Lg 
Group 

1 3.68 3.68 1.20 .28 .01 .19 

Treatment 
x Lg Group 

1 .01 .01 .00 .97 .00 .05 

Age x 
Treatment 
x Lg Group 

1 .01 .01 .00 .95 .00 .05 

GJT        

New items
1 

       

Time 2.00 33.69 16.85 10.60 .000 .11 .99 

Time x Age 2.00 2.91 1.46 .92 .40 .01 .21 

Time x 
Treatment 

2.00 12.88 6.44 4.05 .02 .05 .51 

Time x Lg 
Group 

2.00 9.95 4.97 3.13 .05 .04 .60 

Time x Age 
x 
Treatment 

2.00 .12 .06 .04 .96 .000 .06 

Time x Lg 
Group x 
Treatment 

2.00 9.77 4.88 3.07 .049 .04 .59 

Time x Age 
x Lg Group 

2.00 2.07 1.03 .65 .52 .01 .16 

Time x Age 
x Lg Group 
x 
Treatment 

2.00 3.71 1.85 1.17 .31 .01 .25 

Age 1 .03 .03 .01 .91 .00 .05 

Treatment 1 29.25 29.25 11.28 .001 .12 .91 

Lg Group 1 10.09 10.09 3.89 .052 .05 .50 

Age x 
Treatment 

1 8.72 8.72 3.37 .07 .04 .44 
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Age x Lg 
Group 

1 .59 .59 .23 .64 .003 .08 

Treatment 
x Lg Group 

1 2.35 2.35 .91 .34 .01 .16 

Age x 
Treatment 
x Lg Group 

1 3.27 3.27 1.26 .27 .02 .20 

Production        

Old items        

Time 2 247.67 123.83 35.75 .000 .32 1.00 

Time x Age 2 1.81 .90 .26 .77 .003 .09 

Time x 
Treatment 

2 106.88 53.44 15.43 .000 .17 .999 

Time x Lg 
Group 

2 23.08 11.54 3.33 .04 .04 .62 

Time x Age 
x 
Treatment 

2 7.05 3.53 1.02 .36 .01 .23 

Time x Lg 
Group x 
Treatment 

2 15.61 7.80 2.25 .11 .03 .45 

Time x Age 
x Lg Group 

2 11.03 5.52 1.59 .21 .02 .33 

Time x Age 
x Lg Group 
x 
Treatment 

2 6.53 3.27 .94 .39 .01 .21 

Age 1 26.52 26.52 1.62 .21 .02 .24 

Treatment 1 202.21 202.21 12.37 .001 .14 .94 

Lg Group 1 255.32 255.32 15.61 .000 .17 .97 

Age x 
Treatment 

1 6.21 6.21 .38 .54 .01 .09 

Age x Lg 
Group 

1 22.33 22.33 1.37 .25 .02 .21 

Treatment 
x Lg Group 

1 20.28 20.28 1.24 .27 .02 .20 

Age x 
Treatment 
x Lg Group 

1 114.01 114.01 6.97 .01 .08 .74 

Production        

New items        

Time 2 161.53 80.77 23.94 .000 .24 1.00 

Time x Age 2 20.30 10.15 3.01 .052 .04 .58 

Time x 
Treatment 

2 58.78 29.39 8.71 .000 .10 .97 

Time x Lg 
Group 

2 19.65 9.83 2.91 .057 .04 .56 

Time x Age 2 19.82 9.91 2.94 .056 .04 .57 
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x 
Treatment 

Time x Lg 
Group x 
Treatment 

2 41.16 20.58 6.10 .003 .07 .88 

Time x Age 
x Lg Group 

2 .82 .41 .12 .89 .002 .07 

Time x Age 
x Lg Group 
x 
Treatment 

2 .26 .13 .04 .96 .00 .06 

Age 1 10.50 10.50 .65 .42 .01 .13 

Treatment 1 112.03 112.03 6.89 .01 .08 .74 

Lg Group 1 332.58 332.58 20.45 .000 .21 .99 

Age x 
Treatment 

1 .00 .00 .00 .999 .00 .05 

Age x Lg 
Group 

1 48.07 48.07 2.96 .09 .04 .40 

Treatment 
x Lg Group 

1 12.25 12.25 .75 .39 .01 .14 

Age x 
Treatment 
x Lg Group 

1 62.11 62.11 3.82 .054 .05 .49 
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Appendix X. Summary of latency analyses, old and new items separately. 
 df Sum of 

squares 
Mean 
squares 

F p Effect size 
(ƞp

2
) 

Observed 
power 

WI        

Old items        

Time 2 75764455.6
5 

37882227.8
3 

5.59 .01 .07 .85 

Time x Age 2 135227034.
38 

67613517.1
9 

.9.98 .00 .11 .98 

Time x 
Treatment 

2 31413704.1
1 

15706852.0
6 

2.32 .10 .03 .47 

Time x Lg 
Group 

2 2208242.65 1104121.32 .16 .85 .00 .08 

Time x Age 
x 
Treatment 

2 1814120.61 907060.30 .13 .88 .00 .07 

Time x Age 
x Lg Group 

2 5436773.73 2718386.87 .40 .67 .01 .11 

Time x Lg 
Group x 
Treatment 

2 697866.24 348933.12 .05 .95 .00 .07 

Time x Age 
x Lg Group 
x 
Treatment 

2 20354585.3
3 

10177292.6
7 

1.50 .23 .02 .32 

Age 1 132836418
9.33 

132836418
9.33 

45.22 .000 .37 1.00 

Treatment 1 7931777.60 7931777.60 .27 .61 .00 .08 

Lg Group 1 33293.47 33293.47 .001 .97 .00 .05 

Age x 
Treatment 

1 183964.04 183964.04 .28 .60 .00 .08 

Age x Lg 
Group 

1 3151154.10 3151154.10 1.81 .18 .02 .26 

Treatment 
x Lg Group 

1 31530.24 31530.24 .001 .97 .00 .05 

Age x 
Treatment 
x Lg Group 

1 557749.38 557749.38 .05 .82 .00 .06 

WI        

New items         

Time 2 26398447.9
6 

13199223.9
8 

1.06 .35 .01 .23 

Time x Age 2 183869523.
45 

91934761.7
3 

7.38 .001 .09 .94 

Time x 
Treatment 

2 5953410.44 2976705.22 .24 .79 .00 .09 

Time x Lg 
Group 

2 16962234.9
9 

8481117.50 .68 .51 .01 .16 
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Time x Age 
x 
Treatment 

2 9066199.84 4533099.92 .36 .70 .01 .11 

Time x Age 
x Lg Group 

2 26842828.7
7 

13421414.3
8 

1.08 .34 .01 .24 

Time x Lg 
Group x 
Treatment 

2 504123.89 252061.95 .02 .98 .00 .05 

Time x Age 
x Lg Group 
x 
Treatment 

2 8648050.03 4324025.02 .35 .71 .00 .11 

Age 1  132259171
2.95 

35.36 .00 .32 1.00 

Treatment 1  57728533.5
8 

1.54 .22 .02 .23 

Lg Group 1  20937948.3
6 

.56 .46 .01 .12 

Age x 
Treatment 

1  2054438.36 .06 .82 .001 .06 

Age x Lg 
Group 

1  67849227.8
0 

1.81 .18 .02 .16 

Treatment 
x Lg Group 

1  35915788.0
0 

.96 .33 .01 .16 

Age x 
Treatment 
x Lg Group 

1  720212.11 .02 .89 .00 .05 

AI
 

       

Old items        

Time 2 23809338.0
7 

11904669.0
4 

1.46 .24 .02 .31 

Time x Age 2 31808514.3
9 

15904257.1
9 

1.95 .15 .03 .40 

Time x 
Treatment 

2 11882564.8
4 

5941282.42 .73 .49 .01 .17 

Time x Lg 
Group 

2 2444372.26 1222186.13 .15 .86 .00 .07 

Time x Age 
x 
Treatment 

2 11012734.2
3 

5506369.12 .67 .51 .01 .16 

Time x Lg 
Group x 
Treatment 

2 7610211.09 3805105.54 .47 .63 .01 .13 

Time x Age 
x Lg Group 

2 12918912.7
2 

6459456.36 .79 .46 .01 .18 

Time x Age 
x Lg Group 
x 

2 17860422.3
0 

8930211.15 1.09 .34 .02 .24 
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Treatment 

Age 1 49260135.8
4 

492601353.
84 

37.57 .000 .35 1.00 

Treatment 1 49216805.9
5 

49216805.9
5 

3.75 .057 .05 .48 

Lg Group 1 4521767.22 4521767.22 .35 .56 .01 .09 

Age x 
Treatment 

1 5992109.28 5992109.28 .46 .50 .01 .10 

Age x Lg 
Group 

1 18209600.0
7 

18209600.0
7 

1.39 .24 .02 .21 

Treatment 
x Lg Group 

1 12707588.3
3 

12707588.3
3 

.97 .33 .01 .16 

Age x 
Treatment 
x Lg Group 

1 1998107.79 1998107.79 .15 .70 .00 .07 

AI        

New items        

Time 2 5933942.80 2966971.40 .49 .61 .01 .13 

Time x Age 2 26495536.8
5 

13247768.4
2 

2.18 .12 .03 .44 

Time x 
Treatment 

2 4836059.56 2418029.78 .40 .67 .01 .11 

Time x Lg 
Group 

2 32747904.6
9 

16373952.3
5 

2.70 .07 .04 .53 

Time x Age 
x 
Treatment 

2 9314159.58 4657079.79 .77 .47 .01 .18 

Time x Lg 
Group x 
Treatment 

2 17997142.6
0 

8998571.30 1.48 .23 .02 .31 

Time x Age 
x Lg Group 

2 39137880.1
5 

19568940.0
8 

3.22 .04 .04 .61 

Time x Age 
x Lg Group 
x 
Treatment 

2 23018108.3
9 

11509054.1
9 

1.90 .15 .03 .39 

Age 1 764365824.
39 

764365824.
39 

43.16 .000 .37 1.00 

Treatment 1 67085418.7
8 

67085418.7
8 

3.79 .055 .05 .49 

Lg Group 1 8659.44 8659.44 .00 .98 .00 .05 

Age x 
Treatment 

1 26996210.5
2 

26996210.5
2 

1.52 .22 .02 .23 

Age x Lg 
Group 

1 84793.19 84793.19 .01 .95 .00 .05 

Treatment 
x Lg Group 

1 181304.82 181304.82 .01 .92 .00 .05 

Age x 1 157467.54 157467.54 .01 .93 .00 .05 
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Treatment 
x Lg Group 

GJT
 

       

Old items
1
        

Time 2.00 4916367.24 2458183.62 .40 .67 .01 .11 

Time x Age 2.00 6515491.88 3257745.94 .52 .59 .01 .14 

Time x 
Treatment 

2.00 60796718.5
5 

30398359.2
8 

4.89 .01 .06 .80 

Time x Lg 
Group 

2.00 15078704.1
7 

7539352.09 1.21 .30 .02 .26 

Time x Age 
x 
Treatment 

2.00 418302.68 209151.34 .03 .97 .00 .06 

Time x Lg 
Group x 
Treatment 

2.00 2344589.36 1172294.68 .19 .83 .00 .08 

Time x Age 
x Lg Group 

2.00 1183965.77 591982.88 .10 .91 .01 .06 

Time x Age 
x Lg Group 
x 
Treatment 

2.00 2548882.49 1274441.25 .21 .82 .00 .08 

Age 1 604892317.
81 

604892317.
81 

25.62 .000 .26 1.00 

Treatment 1 15348243.0
7 

15348243.0
7 

4.89 .03 .06 .59 

Lg Group 1 56117260.2
1 

56117260.2
1 

2.38 .13 .03 .33 

Age x 
Treatment 

1 9459759.59 9459759.59 .40 .53 .01 .10 

Age x Lg 
Group 

1 96391888.0
1 

96391888.0
1 

4.08 .047 .05 .51 

Treatment 
x Lg Group 

1 7440233.63 7440233.63 .32 .58 .00 .09 

Age x 
Treatment 
x Lg Group 

1 1565691.96 1565691.96 .07 .80 .00 .06 

GJT        

New items
 

       

Time 2 44732645.0
2 

22366322.5
1 

3.67 .03 .05 .67 

Time x Age 2 40731433.6
1 

20365716.8
0 

3.34 .04 .05 .62 

Time x 
Treatment 

2 15008095.9
5 

7504097.97 1.23 .30 .02 .27 

Time x Lg 
Group 

2 1641085.43 820542.71 .14 .87 .00 .07 

Time x Age 2 14896347.5 7448173.75 1.22 .30 .02 .26 
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x 
Treatment 

0 

Time x Lg 
Group x 
Treatment 

2 4251358.40 2125679.20 .35 .71 .01 .11 

Time x Age 
x Lg Group 

2 2866529.69 1433264.85 .24 .79 .00 .09 

Time x Age 
x Lg Group 
x 
Treatment 

2 9035833.26 4517916.63 .74 .48 .01 .17 

Age 1 871179648.
92 

871179648.
92 

59.03 .000 .45 1.00 

Treatment 1 69636923.2
3 

69636923.2
3 

4.72 .03 .06 .57 

Lg Group 1 38610812.4
4 

38610812.4
4 

9.39 .003 .12 .86 

Age x 
Treatment 

1 716841.61 716841.61 .05 .83 .001 .06 

Age x Lg 
Group 

1 44622464.6
0 

44622464.6
0 

3.02 .09 .04 .40 

Treatment 
x Lg Group 

1 37604142.0
7 

37604142.0
7 

2.55 .12 .04 .35 

Age x 
Treatment 
x Lg Group 

1 9782205.95 9782205.95 .66 .42 .01 .13 

Production        

Old items
1 

       

Time 1.91 222902869
8.61 

111451434
9.81 

7.91 .001 .09 .94 

Time x Age 1.91 544097119.
87 

272048559.
94 

1.93 .15 .03 .39 

Time x 
Treatment 

1.91 100227846.
81 

50113923.4
1 

.36 .70 .01 .11 

Time x Lg 
Group 

1.91 413720723.
86 

206860361.
93 

1.47 .23 .02 .30 

Time x Age 
x 
Treatment 

1.91 112482411.
98 

56241205.9
9 

.40 .67 .01 .11 

Time x Lg 
Group x 
Treatment 

1.91 759213154.
02 

379606577.
01 

2.70 .07 .03 .52 

Time x Age 
x Lg Group 

1.91 174145546.
60 

87072773.3
0 

.62 .54 .01 .15 

Time x Age 
x Lg Group 
x 
Treatment 

1.91 409969543.
30 

204984771.
65 

1.46 .24 .02 .30 
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Age 1 393834160
80.95 

393834160
80.95 

97.29 .000 .56 1.00 

Treatment 1 50140780.2
3 

50140780.2
3 

.12 .73 .002 .06 

Lg Group 1 97153454.3
2 

97153454.3
2 

.24 .63 .00 .08 

Age x 
Treatment 

1 125029598.
86 

125029598.
86 

.12 .73 .00 .06 

Age x Lg 
Group 

1 48368389.0
0 

48368389.0
0 

.12 .73 .00 .06 

Treatment 
x Lg Group 

1 26575960.4
7 

26575960.4
7 

.07 .80 .00 .06 

Age x 
Treatment 
x Lg Group 

1 17239960.3
2 

17239960.3
2 

.04 .84 .00 .06 

Production        

New items
1 

       

Time 1.84 361112420
2.40 

196401425
9.94 

20.23 .000 .21 1.00 

Time x Age 1.84 638062888.
79 

347028942.
26 

3.58 .03 .05 .63 

Time x 
Treatment 

1.84 65490299.3
1 

35618791.9
7 

.37 .68 .01 .11 

Time x Lg 
Group 

1.84 2685952.12 1446147.96 .02 .98 .00 .05 

Time x Age 
x 
Treatment 

1.84 391082484.
19 

212701511.
42 

2.19 .12 .03 .42 

Time x Lg 
Group x 
Treatment 

1.84 147544198.
55 

80246176.4
5 

.83 .43 .01 .18 

Time x Age 
x Lg Group 

1.84 15863383.3
2 

8627759.47 .09 .90 .00 .06 

Time x Age 
x Lg Group 
x 
Treatment 

1.84 87360430.3
3 

47513494.7
7 

.49 .60 .01 .13 

Age 1 298899400
71.83 

298899400
71.83 

66.19 .000 .47 1.00 

Treatment 1 129088330.
44 

129088330.
44 

.29 .59 .00 .08 

Lg Group 1 593054205.
20 

593054205.
20 

1.31 .26 .02 .21 

Age x 
Treatment 

1 80020854.9
1 

80020854.9
1 

.18 .68 .00 .07 

Age x Lg 
Group 

1 23796850.7
5 

23796850.7
5 

.05 .82 .00 .06 

Treatment 1 58104456.7 58104456.7 .13 .72 .00 .06 
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x Lg Group 9 9 

Age x 
Treatment 
x Lg Group 

1 220227502.
37 

220227502.
37 

.49 .49 .01 .11 

  



 

295 

 

 
Appendix Y. Descriptive statistics, Simon task and ANT. 

Age Lg. Group Treatment n Simon 
mean RT 
(ms) 

Simon 
effect 
(ms) 

n ANT 
mean 
RT (ms) 

ANT 
Orienting 
Effect 
(ms) 

ANT 
Conflict 
Effect 
(ms) 

ANT 
Alerting 
Effect 
(ms) 

Young Monol. +G 12 466.89 
(61.09) 

17.26 
(29.50) 

10 622.02 
(42.52) 

33.20 
(20.01) 

87.12 
(28.01) 

16.25 
(23.27) 

  -G 16 472.48 
(55.01) 

27.22 
(28.86) 

10 646.74 
(75.16) 

47.65 
(32.30) 

113.88 
(108.09) 

-2.06 
(13.54) 

 Bil. +G 10 491.44 
(81.18) 

39.97 
(44.70) 

10 637.88 
(59.71) 

36.70 
(29.76) 

86.04 
(31.50) 

10.05 
(28.74) 

  -G 11 458.96 
(60.94) 

37.85 
(28.78) 

11 600.04 
(59.26) 

16.73 
(24.47) 

97.54 
(36.96) 

8.00 
(11.54) 

Older Monol. +G 9 615.73 
(72.84) 

29.42 
(53.31) 

7 792.63 
(76.62) 

27.60 
(27.84) 

83.86 
(23.20) 

9.50 
(13.26) 

  -G 12 620.80 
(100.68) 

40.25 
(46.22) 

8 796.68 
(105.43) 

57.75 
(17.25) 

96.04 
(30.47) 

9.78 
(30.30) 

 Bil. +G 11 600.66 
(84.47) 

58.46 
(47.70) 

9 803.93 
(59.69) 

37.08 
(53.91) 

80.34 
(43.24) 

7.44 
(24.50) 

  -G 10 552.36 
(60.11) 

62.61 
(25.20) 

9 764.91 
(114.80) 

48.92 
(27.38) 

75.19 
(33.80) 

-7.58 
(30.66) 

Note. Simon effect = mean RT to incongruent – mean RT to congruent trials. ANT Orienting effect = mean RT to 
center cue – mean RT to spatial cue trials. ANT Conflict effect = mean RT to incongruent – mean RT to congruent 
trials. ANT Alerting effect = mean RT to uncued – mean RT to double-cue trials. 
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Appendix Z. Descriptive statistics, MLAT. 
Age Lg Group Treatment n MLAT3 n MLAT4 n MLAT5 

Young Monolingual +G 12 38.00 
(7.10) 

12 21.00 (6.38) 12 15.33 
(6.60) 

  -G 16 36.50 
(7.40) 

16 20.44 (6.92) 16 14.44 
(5.97) 

 Bilingual +G 10 42.80 
(4.52) 

10 27.20 (5.94) 10 19.90 
(3.07) 

  -G 11 42.27 
(4.25) 

11 26.27 (5.85) 11 16.09 
(4.78) 

Older Monolingual +G 10 45.10 
(2.96) 

10 30.70 (7.38) 10 13.40 
(5.25) 

  -G 10 42.20 
(5.35) 

10 22.00 (5.06) 10 13.70 
(5.29) 

 Bilingual +G 10 44.80 
(4.13) 

10 28.70 (6.63) 10 16.80 
(7.01) 

  -G 10 44.80 
(3.26) 

10 29.80 (7.04) 9 12.56 
(6.37) 

Note.  Maximum score on MLAT3 = 50; maximum score on MLAT4 = 45; maximum score on MLAT5 = 24. 
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Appendix AA. Descriptive statistics, ASRT.  
    RT learning 

score 
Accuracy 
learning score 

Composite 
Learning 

Proportional 
Composite 
Learning 

Age Language Group Treatment N Mean  
(S.D.) 

Mean  
(S.D.) 

Mean  
(S.D.) 

Mean  
(S.D.) 

Younger Monolingual +G 11 5.72 
(7.28) 

.03  
(.03) 

.27  
(1.67) 

.42  
(1.95) 

-G 16 6.52  
(4.86) 

.03  
(.02) 

.51  
(.94) 

.91  
(1.22) 

Bilingual +G 7 5.43  
(2.02) 

.03  
(.02) 

.04  
(1.28) 

.14  
(1.29) 

-G 11 7.18  
(5.21) 

.02  
(.01) 

.16  
(.94) 

.46  
(1.45) 

Older Monolingual +G 10 6.02  
(6.42) 

.02  
(.02) 

-.38  
(1.24) 

-.22  
(1.66) 

-G 12 5.74  
(9.23) 

.01  
(.02) 

-.59  
(1.51) 

-.98  
(1.46) 

Bilingual +G 10 12.15  
(9.96) 

.01  
(.01) 

.16  
(1.35) 

-.57  
(.81) 

-G 10 9.83  
(10.23) 

.01  
(.01) 

-.40  
(1.59) 

-.57  
(1.15) 

Note. ASRT learning (RT) = mean of median RT in ms to low-frequency triplets – mean of median RT in ms to high-
frequency triplets collapsed across epochs. ASRT learning (Accuracy) = mean accuracy to low-frequency triplets – 
mean accuracy to high-frequency triplets. Composite learning = z-score of RT learning + z-score of accuracy 
learning. Proportional composite learning = (RT learning/overall RT) + (Accuracy learning/overall accuracy). 
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Appendix BB. Regression analyses of attentional control as a mediating factor. 
 
Age and Lg Group as Predictors of Attentional Control 

 Age   Lg Group   

 B p R
2
 B p R

2
 

Simon Effect 18.25 .03 .05 21.27 .01 .07 

ANT 
Orienting 
Effect 

11.43 .13 .03 -6.59 .38 .01 

ANT Conflict 
Effect 

-4.89 .53 .01 -1.52 .84 .001 

ANT Alerting 
Effect 

-4.20 .44 .01 -3.97 .47 .01 

 
Simon Effect as a Mediating Factor of Age Effects on Accuracy   

 Predictors  

 Age Simon Effect NAART   

 B p B p B p R
2
 

Combined items        

AI immediate -1.95 .01 .004 .58 -.17 .002 .12 

Old items        

WI delayed .47 .20 .01 .12 N/A  .06 

New items        

Production 
delayed 

1.36 .03 -.004 .65 N/A  .05 

 
Simon Effect as a Mediating Factor of Age Effects on RT (combined items) 

 Predictors     

 Age  Simon Effect   

 B p B p R
2
 

Combined items       

WI immediate 3070.26 .000 -2.26 .82 .16 

AI immediate 659.25 .35 7.43 .41 .03 

GJT immediate 1423.29 .04 -2.03 .81 .05 

Production 
immediate 

-3616.96 .21 -.13.47 .70 .03 

WI delayed 3918.06 .000 -15.43 .14 .22 

AI delayed 1371.12 .08 19.57 .045 .11 

GJT delayed 1220.95 .08 -2.85 .74 .04 

Production 
delayed 

-6436.72 .01 -14.24 .62 .10 

Old items      

WI immediate 2749.56 .001 -8.30 .40 .13 

WI delayed  3508.02 .000 -3.28 .76 .18 

New items       

WI immediate 3363.46 .003 4.48 .76 .13 

Production 
immediate 

-1366.33 .75 -23.29 .65 .01 
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WI delayed 4426.19 .000 -27.68 .050 .18 

Production 
delayed 

-5800.98 .03 -8.04 .81 .06 

 
Simon Effect as a Mediating Factor of Lg Group Effects on Accuracy   

 Predictors     

 Lg Group  Simon Effect   

 B p B p R
2 

Combined items       

WI immediate 1.56 .01 .01 .54 .09 

AI immediate 1.52 .02 -.001 .86 .06 

GJT immediate 1.26 .08 .003 .71 .05 

Production 
immediate 

1.58 .22 .01 .76 .02 

WI del 1.30 .01 .01 .32 .11 

AI del 1.97 .001 .01 .04 .21 

Production del 2.52 .03 -.01 .60 .05 

Old items      

Production 
immediate 

.92 .21 -.01 .60 .02 

AI del 1.26 .002 .003 .52 .13 

Production del 2.01 .01 -.01 .48 .09 

New items       

WI immediate .84 .051 .000 .96 .05 

AI immediate .88 .01 -.001 .83 .08 

GJT immediate .56 .20 .01 .19 .05 

Production 
immediate 

1.27 .08 .003 .77 .05 

WI del .80 .01 -.001 .80 .07 

AI del .67 .03 .01* .004 .18 

Production del .49 .45 -.001 .87 .01 

 
Simon Effect as a Mediator of Language Group Effects on RT  

 Predictors     

 Lg Group  Simon Effect   

 B p B p R
2 

New items      

AI immediate -2027.16 .03 8.23 .48 .06 

AI delayed  -402.89 .66 11.86 .31 .01 
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Appendix CC. Attentional control as a moderating factor. 

 
P-values of Treatment x Attentional Control Predictors (Accuracy) 

 Treatment x 
Simon 

Treatment x ANT 
Orienting 

Treatment x ANT 
Conflict 

Treatment x ANT 
Alerting 

Combined items     

WI immediate .95 .92 .92 .70 

AI immediate .25 .99 .33 .22 

GJT immediate .83 .15 .40 .51 

Production 
immediate 

.89 .39 .29 .70 

Production 
delayed 

.67 .24 .87 .51 

Old items      

WI immediate .98 .55 .95 .61 

AI immediate .39 .39 .11 .25 

GJT immediate .997 .095‡ .58 .52 

Production 
immediate 

.80 .47 .19 .91 

Production 
delayed 

.44 .45 .50 .53 

New items      

WI immediate .94 .68 .85 .95 

GJT immediate .58 .44 .29 .72 

Production 
immediate 

.58 .97 .71 .62 

GJT delayed .29 .37 .59 .98 

 
P-values of Treatment x Attentional Control Predictors (RT) 

 Treatment x 
Simon 

Treatment x ANT 
Orienting 

Treatment x ANT 
Conflict 

Treatment x ANT 
Alerting 

Combined items     

GJT immediate .45 .88 .39 .63 

GJT delayed .37 .15 .89 .18 

Old items      

GJT immediate .97 .85 .56 .33 

GJT delayed .38 .22 .74 .08 
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Appendix DD. Aptitude as a mediating factor. 

 

Age and Language Group as Predictors of Aptitude. 

 Age   Lg Group   

 B p R2 B p R2 

MLAT3 4.78 .000 .16 3.78 .003 .10 

MLAT4 4.54 .003 .10 4.91 .001 .11 

MLAT5 -1.99 .11 .03 2.13 .09 .03 

 
Aptitude as a Mediating Factor of Age Effects on Accuracy  

 Predictors  Predictors  

 Age  MLAT3 NAART  Age  MLAT4 NAART  

 B p B p B p R
2
 B p B p B p R

2
 

Combi
ned 
items 

              

AI 
immed 

-
1.7
2 

.03 .01 .90 -.17 .03 .11 -1.78 .02 .14 .003 -.09 .12 .20 

Old 
items 

              

WI del .76 .06 -.02 .56 N/A  .04 .38 .31 .06 .02 N/A  .10 

New 
items 

              

Produc
tion 
del 

1.0
3 

.13 .01 .83 N/A  .04 .81 .22 .05 .28 N/A  .05 

 
Aptitude  as a Mediating Factor of Age Effects on RT   

 Predictors     Predictors     

 Age  MLAT3   Age  MLAT4   

 B p B p R2 B p B p R2 

Combined 
items  

          

WI immed 3634.16 .000 -72.04 .29 .19 3563.40 .000 -61.86 .27 .20 

AI immed 1142.20 .14 -123.71 .048 .06 962.67 .20 -87.00 .09 .04 

GJT immed 1287.83 .059 -11.49 .85 .05 1085.28 .12 -11.18 .86 .03 

Production 
immed 

-5288.15 .03 98.03 .62 .06 -3863.37 .11 -
153.29 

.35 .07 
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WI del 4190.22 .000 -27.73 .71 .23 3989.81 .000 15.27 .80 .22 

AI del 2467.26 .004 -174.88 .01 .13 1707.54 .045 -20.43 .72 .05 

GJT del 1048.14 .11 50.05 .27 .06 759.03 .25 76.28 .10 .07 

Production 
del 

-6591.54 .004 112.36 .53 .11 -6012.84 .01 4.44 .98 .10 

Old items            

WI immed 2727.71 .001 -.26 1.00 .14 3066.43 .000 -76.36 .16 .16 

WI del  3872.33 .000 -10.41 .89 .19 3794.39 .000 6.23 .92 .20 

New items            

WI immed 4522.45 .000 -145.01 .14 .15 4058.77 .001 -47.32 .56 .13 

Production 
immed 

-633\.08 .15 928.82 .01 .08 -2037.68 .65 107.30 .73 .003 

WI del 4583.80 .000 -40.79 .68 .16 4321.21 .000 15.24 .85 .16 

Production 
del 

-9184.77 .002 551.93 .02 .13 -6847.30 .02 79.24 .69 .07 

 
Aptitude as a Mediating Factor of Language Group Effects on Accuracy (combined items) 

 Predictors Predictors Predictors 

 Lg Group MLAT3  Lg Group MLAT4 Latin Mass Lg Group MLAT5 Latin Mass 

 B p B p R
2
 B p B p B p R

2
 B p B p B p R

2
 

Combine
d items  

                   

WI 
immed 

1.1
5 

.06 .0
3 

.60 .0
6 

.62 .29 .1
2 

.00
2 

N/
A 

 .1
6 

.99
5 

.09 .09 .09 N/
A 

 .0
8 

AI 
immed 

1.1
4 

.09 .0
6 

.27 .0
7 

.70 .28 .1
3 

.00
3 

N/
A 

 .1
5 

1.2
7 

.05
4 

.08 .17 N/
A 

 .0
8 

GJT 
immed 

1.3
0 

.08 .0
1 

.84 .0
4 

.70 .31 .1
3 

.01 -
.13 

.03 .1
7 

1.0
8 

.13 .11 .08 N/
A 

 .0
8 

Prod 
immed 

1.1
1 

.40 .0
5 

.61 .0
2 

.56 .66 .1
8 

.04 N/
A 

 .0
7 

1.1
4 

.36 .18 .09 N/
A 

 .0
6 

WI del 1.2
3 

.02 .0
1 

.83 .0
8 

.61 .19 .1
3 

.00
0 

N/
A 

 .2
3 

.94 .05
0 

.08 .04
9 

N/
A 

 .1
1 

AI del 2.2
3 

.00
0 

-
.0
3 

.57 .1
6 

1.7
7 

.00
2 

.0
7 

.07 N/
A 

 .1
9 

1.9
0 

.00
1 

.08 .10 N/
A 

 .1
8 

GJT del .73 .31 .0
3 

.68 .0
2 

.46 .51 .0
8 

.09
8 

-
.13 

.03 .0
9 

.67 .31 -
.01 

.82 -
.12 

.04
8 

.0
6 

Prod del 1.4
4 

.23 .1
5 

.12 .0
7 

1.2
5 

.28 .1
7 

.03 N/
A 

 .1
0 

2.0
9 

.07 .11 .25 N/
A 

 .0
7 

Old 
items  

                   

Prod 
immed 

.15 .83 .0
9 

.14 .0
3 

.00
1 

.99
9 

.1
1 

.02 N/
A 

 .0
7 

.43 .53 .13 .03 N/
A 

 .0
7 

AI del 1.1
6 

.01 .0
1 

.74 .1
1 

.94 .02 .0
5 

.05
2 

N/
A 

 .1
5 

1.0
3 

.01 .07 .05
1 

N/
A 

 .1
5 

Prod del 1.1
3 

.12 .1
1 

.05
3 

.1
1 

1.1
2 

.12 .1
0 

.04 N/
A 

 .1
2 

1.5
7 

.03 .09 .16 N/
A 

 .1
0 

New 
items 

                   

WI .45 .30 .0 .15 .0 .18 .67 .0 .00 N/  .1 .50 .24 .05 .14 N/  .0
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immed 5 5 9 1 A 4 A 5 

AI 
immed 

.78 .03 .0
1 

.82 .0
7 

.58 .10 .0
4 

.07 N/
A 

 .1
0 

.79 .02 .03 .35 N/
A 

 .0
8 

GJT 
immed 

.53 .24 .0
5 

.20 .0
5 

.27 .52 .0
9 

.00
2 

-
.07 

.04
9 

.1
2 

.71 .11 .00
2 

.95 N/
A 

 .0
3 

Producti
on 
immed 

1.3
8 

.06 -
.0
3 

.67 .0
5 

1.0
6 

.14 .0
5 

.34 N/
A 

 .0
5 

1.1
5 

.10 .08 .17 N/
A 

 .0
7 

WI del .70 .04 .0
2 

.54 .0
7 

.44 .17 .0
7 

.00
3 

N/
A 

 .1
5 

.62 .05
6 

.04 .18 N/
A 

 .0
8 

AI del 1.0
4 

.00
2 

-
.0
4 

.16 .1
1 

.80 .02 .0
2 

.41 N/
A 

 .1
0 

.83 .01 .02 .45 N/
A 

 .1
0 

Producti
on del 

.28 .67 .0
4 

.48 .0
1 

.11 .86 .0
7 

.13 N/
A 

 .0
4 

.50 .42 .03 .64 N/
A 

 .0
1 

 
Aptitude as a Mediating Factor of Lg Group Effects on RT (combined items) 

 Predictors  Predictors  Predictors  

 Lg 
Group 

 MLAT3   Lg 
Group 

 MLAT4   Lg 
Group 

 MLAT5   

 B p B p R
2
 B p B p R

2
 B p B p R

2
 

AI 
immed 

-
1532.14 

.096 -71.71 .33 .07 -
1718.27 

.06 -25.89 .67 .06 -
1885.33 

.04 -6.03 .94 .06 

AI del 454.04 .63 -
141.62 

.06 .04 -381.31 .69 36.45 .57 .01 -166.75 .86 -50.76 .54 .01 
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Appendix EE. Aptitude as a moderating factor. 

 
P-values of Treatment x Aptitude Predictors (Accuracy) 

 Treatment x 
MLAT3 

Treatment x 
MLAT4 

Treatment x 
MLAT5 

Combined items    

WI immediate .75 .47 .88 

GJT immediate .02 .053 .85 

GJT immediate 
(with LatinMass) 

.01 .04 N/A 

Production 
immediate 

.16 .051 .45 

Production 
delayed 

.056 .49 .09 

Old items     

WI immediate .44 .19 .85 

AI immediate .04 .48 .50 

GJT immediate .02 .07   .70 

GJT immediate 
(with LatinMass) 

.01 .04 N/A 

Production 
immediate 

.02 .11 .61 

Production 
delayed 

.16 .67 .08 

New items     

WI immediate .24 .85 .83 

GJT immediate .26 .06  .38 

GJT immediate 
(with LatinMass) 

.20 .04 N/A 

Production 
immediate 

.44 .25 .27 

GJT delayed .55 .80 .18 

 
P-values of Treatment x Aptitude Predictors (RT) 

 Treatment x 
MLAT3 

Treatment x 
MLAT4 

Treatment x 
MLAT5 

Combined items    

GJT immediate .54 .07 .45 

GJT delayed .95 .06 .92 

Old items     

GJT immediate .61 .03 .19 

GJT delayed .83 .09 .83 
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Appendix FF. ASRT as a mediating factor. 

 
Age and Language Group as Predictors of ASRT Composite Scores 

 Age   Language 
Group 

  

 B p R2 B p R2 

ASRT Composite 
Learning 

-.09 .03 .05 -.002 .96 .01 

ASRT Proportional 
Learning 

-.13 .000 .15 -.03 .45 .01 

 
ASRT as a Mediating Factor of Age Effects on Accuracy   

 Age  ASRT Composite 
Learning 

 NAART    

 B p B p B p R2 

Combined items        

AI immed -1.34 .098 .11 .68 -.16 .01 .09 

Old items        

WI del .55 .14 -.04 .78 N/A  .03 

New items         

Production del 1.24 .052 -.14 .56 N/A  .06 

 
ASRT as a Mediating Factor of Age Effects on RT   

 Age  ASRT Composite 
Learning  

  

 B p B p R2 

Combined items       

WI immediate 3791.90 .000 683.57 .03 .23 

AI immediate 229.01 .76 -276.80 .33 .02 

GJT immediate 1619.90 .02 78.64 .76 .07 

Production 
immediate 

     

WI delayed 4457.57 .000 237.08 .45 .26 

AI delayed 1081.49 .17 -236.76 .42 .04 

GJT delayed 1184.93 .09 247.93 .34 .04 

Production 
delayed 

     

Old items      

WI immediate 3035.63 .000 607.48 .04 .17 

WI delayed  4458.66 .000 566.92 .09 .24 

New items       
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WI immediate 4512.85 .000 789.38 .09 .17 

Production 
immediate 

     

WI delayed 4553.28 .000 -102.15 .81 .18 

Production 
delayed 
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Appendix GG. ASRT as a moderating factor. 

P-values of Treatment x ASRT composite 
learning predictors (Accuracy) 

 Treatment x ASRT 
Composite 
Learning 

Combined items  

WI immediate .52 

AI immediate .14 

GJT immediate .46 

Production 
immediate 

.95 

Production 
delayed 

.89 

Old items   

WI immediate .91 

AI immediate .21 

GJT immediate .12 

Production 
immediate 

.36 

Production 
delayed 

.77 

New items   

WI immediate .26 

GJT immediate .90 

Production 
immediate 

.71 

GJT delayed .68 

 
P-values of Treatment x ASRT 
Composite Learning Predictors (RT) 

 Treatment x ASRT 
Composite 
Learning 

Combined items  

GJT immediate .14 

GJT delayed  .02 

Old items   

GJT immediate .09 

GJT delayed .03 

 
 


