OpurmHanbHas craThs / Original paper @ OS]

BY NC

doi:10.17853/1994-5639-2026-4487

Psycholinguistic and age factors in foreign language
learning: a meta-analysis

L.V. Spasova
Trakia University, Stara Zagora, Bulgaria.
E-mail: lyubomira.spasova@trakia-uni.bg

Abstract. Introduction. Contemporary research in second or foreign language (L2) acquisition integrates
cognitive, affective, and sociocultural factors. However, variability in findings arises from methodological
heterogeneity and differences in learner age. Aim. The present study aimed to systematise empirical data
on the influence of working memory (WM), executive functions (EF), motivation, emotional intelligence,
and anxiety on L2 acquisition success across different age groups, and to identify moderators related to
task type and learning context. Methodology and research methods. In accordance with PRISMA guidelines,
a systematic review and meta-analysis of studies published from 2000 to September 2025 was conducted
using the Web of Science, Scopus, PsycINFO, and Google Scholar databases. The inclusion criterion was
the presence of a quantitative assessment of the relationship between at least one specified psycholin-
guistic factor and L2 performance. Random-effects models (REML), heterogeneity assessments (Q, t2, I?),
Egger’s test for bias detection, and the trim-and-fill method were applied. Age, type of language task, and
context (ESL/EFL/language environment) were included in the moderator analysis. Results. Out of 1,246
publications, 38 studies met the criteria. Strong correlations were found between L2 success and WM (r
~0.54) and EF (d = 0.46), as well as positive associations with motivation (r ~ 0.32) and emotional intel-
ligence (r = 0.29). A negative correlation was observed with anxiety (r = -0.25). These effects were more
pronounced for lexical and reading tasks, in English as a Second Language (ESL) and language immersion
contexts, and among young adults. For learners over 60, significant but more variable improvements were
noted. Scientific novelty. Subject-specific and age-dependent mechanisms linking WM/EF to L2 outcomes
have been identified. Methodological moderators related to research design have been quantitatively
assessed for the first time. Practical significance. The results underscore the necessity of developing age-
and context-specific methodologies that integrate a focus on form with the enhancement of EF/WM and
anxiety regulation, utilising adaptive technologies — particularly for teaching older age groups.
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AnHomauus. Beederue. COBpeMeHHbIe MCCIeJOBaHMsI B 0671aCTY YCBOEHMSI BTOPOTO/MHOCTPAHHOTO SI3bI-
Ka (L2) MHTerpupyoT KOTHUTUBHbIE, ahdEKTUBHbIE 1 COLMOKYIbTYPHbIE GakTOpbl. OTHAKO BapUaTUB-
HOCTb ITOJIYYeHHBIX Pe3y/IbTaTOB 00YCJIOBIeHa MeTO00TMYeCKO) HeOIHOPOSHOCTBIO U BO3PACTHBIMMU
pasnmumsMyu 06yJaromyxcsl. Lless McciemoBaHMsI — CUCTEMATMU3aLMs SMIVIPUYECKMX JAHHBIX O BIVISTHUA
pab6oueit mamstu (PII), MCIOMHUTENbHBIX GyHKIMI (D), MOTUMBALIMY, SMOIMOHATIBHOTO MHTETIEKTA U
TPEBOXXHOCTY Ha YCIEUIHOCTb OBafeHust L2 B pasiaMuHbIX BO3PACTHBIX IPYIIIAX, a TAKKe BbISIBIEHNE
MOJ€PaTOPOB, CBSI3aHHBIX C TUTIOM 3374 ¥ KOHTEKCTOM 06yueHust. Memodonoeus, Memodst U MemoouKu.
B cootBetcTBUM ¢ npuHIunamyu PRISMA npoBeseH cucTeMaTnyeckuii 0630p 1 MeTaaHaIu3 UCCIeno-
BaHmit (2000 — ceHnTs16pp 2025 1.) HA ocHOBe 6a3 maHHbIX Web of Science, Scopus, PsycINFO u Google
Scholar. KpurepyeMm BKITIOUEHVS CTYSKMIO HaluM4ye KOMMYECTBEHHON OLIEHKM CBSI3Y XOTSI GBI OIHOTO
"3 YKA3aHHBIX MCUXOMMHTBUCTUYECKNX (DAKTOPOB € pe3yabTaTMBHOCTHIO B L2. [IpMMeHSINCh MOfenu
co crydaitabivu addextamu (REML), ortenka rereporennoctu (Q, 2, 12), Tect drrepa [jisl aHaIn3a Cu-
cTemMaTuyeckoit ommbku u metoq «trim-and-fill». B aHanmns MmogepaTopoB BKIIOUEHbBI BO3PACT, THIT SI3bI-
KOBOJ 3amaun u KoHTekcT (ESL/EFL/g3bikoBast cpena). Pesynomamet. VI3 1246 my6nukanuit KpUTepusm
COOTBETCTBOBAIM 38 Mccaef0BaHMIi. YCTaHOB/IEHBI YCTOUMBBIe KOoppessiun yeremHocty B L2 ¢ PIT (r =
0,54) u U® (d = 0,46), MOI0KUTENbHBIE CBSI3YM ¢ MOTMBatue (r = 0,32) 1 SMOLMOHAIbHBIM MHTEJIEKTOM
(r = 0,29), a TaKKe OTPULIATENbHAS CBSI3b C TPEBOKHOCTBIO (I = -0,25). ddbdeKTs! yeuamBanmch npy Bbl-
TOJIHEHUM JIEKCUUeCKUX 3aaHNii U 3alaHMIi Ha UTeHue, B KOHTeKcTax ESL 1 s13pIKOBOI cpefipl, a Takke
cpeny MOJIOIBIX B3pOC/bIX. Y 06yuaromyxcs crapire 60 yieT 3ahuKcypoBaHbl 3HAUMMBble, HO GoJiee Bapy-
aTUBHbIe ynyulieHus. Hayunas Hosu3Ha. BeisBeHbI IpeaMeTHO-crienyduueckyie 1 BO3pacTHO-00yCI0B-
JieHHble MexaHn3Mbl cBsi3u PII/VI® c pesynbraTamu oBnageHusi L2. BriepBble KOIMUYeCTBEHHO OLleHEHbI
MeTOZ0/IOTMYeckye MOJepaTophl, CBSI3aHHbIe C AM3alfHOM MCCIeN0BaHMit. [Ipakmuyueckas 3HauumMocme.
Pe3ynbTaThl 060CHOBBIBAIOT HEOOXOAMMOCTb Pa3pabOTKM BO3PACTHO- ¥ KOHTEKCTHO-OPUEHTUPOBAHHBIX
MeTOAVK, coueTariyx focus-on-form c passuruem U®/PII u perynsiuneil TpeBOXXHOCTHU, C IPUMEHEHU -
€M a/IallTVBHBIX TEXHOJIOT M, 0COGEHHO 1151 06yUeHMs CTapIIVX BO3PACTHBIX IPYIIIL.

Knrouessle cnoea: ycBoeHe BTOPOTO S13bIKa, Paboyast MaMsITh, UCITOTHUTEIbHbIE (PYHKLIMM, MOTUBALIVS,
SMOULMOHAIbHBIN MHTEJJIEKT, TDEBOKHOCTb, MeTaaHaln3, CTapeHue, KOTHUTUBHBIN pe3epB, aHIINIACKUI
KaK BTOPOJ1 / MHOCTPAHHBI S3bIK
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CTPaHHOTO sI3bIKa: MeTa-aHanu3. O6paszosarue u Hayka. 2026;28(3). doi:10.17853/1994-5639-2026-4487

Introduction

Second language (L2) acquisition has long been recognised as a complex and
multidimensional phenomenon that encompasses cognitive, affective, and socio-
cultural determinants, as E. Bialystok [1] and J. F. Kroll and E. Bialystok [2] argue.
Contemporary research demonstrates that bilingualism not only provides profes-
sional and social advantages but also enhances cognitive flexibility and executive
control at the individual level. For example, L. L. Kapa and J. Colombo [3] highlight
cognitive benefits, while P. Li, J. Legault and K. A. Litcofsky [4] emphasise its con-
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tribution to neurocognitive development. At the same time, J. Cox, L. L. Kapa and J.
Colombo [5], Z. Wen and S. Li [6], as well as A. D. Baddeley [7], report that findings
across empirical studies remain inconsistent, with learner outcomes varying widely
despite intensive investigation in recent decades.

This variability has been attributed to two major challenges. A. Miyake [8]
stresses the lack of a unified framework that systematically integrates cognitive
mechanisms (working memory, attention, executive functions), affective factors
(motivation, emotional intelligence, language anxiety), and sociocultural variables
(learning environment, identity, instructional context). Additionally, B. Norton [9]
and J. Shin [10] point out that methodological heterogeneity — such as divergent
reading span tasks, inconsistent test formats, and variation in stimulus materials -
limits comparability and complicates the validity of generalisations.

Furthermore, J. Shin [11, 12] notes that an underexplored but increasingly rel-
evant domain concerns older adults (60+), where emerging evidence suggests that
L2 learning in late adulthood may strengthen executive functions and contribute to
cognitive reserve. Against this background, the present study undertakes a system-
atic review and meta-analysis of empirical research published after 2016, focusing
on psycholinguistic, age-related, and affective determinants of L2 acquisition.

Aim of the study. To synthesise recent empirical data (2016-2025) and to devel-
op an integrative model that incorporates the interaction between cognitive, affec-
tive, and sociocultural factors in second language acquisition, while systematically
accounting for methodological moderators.

Objectives of the study:

1) To assess the strength of the association between working memory/executive
functions and discourse-level L2 reading outcomes;

2) To examine how age — with particular emphasis on adults aged 60+ — moder-
ates the relationships between psycholinguistic factors and L2 outcomes;

3) To analyse the effects of emotional intelligence, motivation, and language
anxiety on learner engagement and achievement, as well as to identify effective in-
terventions;

4) To investigate how sociocultural context (EFL/ESL/immersion) and technol-
ogy-enhanced learning influence the magnitude of observed effects;

5) To determine which methodological characteristics of cognitive and reading
tasks (stimulus language, processing type, recall order, text length/type, and test
format) systematically alter effect-size estimates.

Main hypothesis. Based on previous empirical work, it is hypothesised that L2
acquisition outcomes are jointly determined by cognitive, affective, and sociocul-
tural factors, and that these determinants interact dynamically across the lifespan.
Specifically, working memory and executive functions are expected to demonstrate
robust positive associations with L2 performance, while motivation and emotional
intelligence exert positive effects, and anxiety a negative effect. Moreover, age (par-
ticularly 60+), learning context, and methodological design are anticipated to act as
significant moderators of these relationships.
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Expected results. The study’s findings are expected to advance theoretical mod-
els of L2 acquisition by clarifying domain- and age-specific mechanisms. Practically,
the results will inform evidence-based instructional design through age-sensitive,
contextually adaptable interventions that integrate cognitive training, motivational
support, and anxiety regulation. These insights carry particular relevance for life-
long learning policies and for leveraging L2 instruction to support cognitive reserve
and executive functioning in older adulthood.

Literature Review

Memory and Language Perception

Psycholinguistic research into second and foreign language (L2) acquisition
increasingly tells a story of complex interaction among cognitive, affective, and so-
ciocultural forces. Over the past decade, L. L. Kapa [3], Z. Wen and S. Li [6], I. O’Brien
and B. Opitz [12], together with Z. Dérnyei and E. Ushioda [13], have emphasised that
successful language learning rarely stems from a single influence: rather, it emerges
dynamically from the interplay among the learner’s mental resources, emotional
engagement, and social environment. Similarly, P. I. De Costa and B. Norton [14], as
well as A. D. Baddeley [15] and B. Norton and K. Toohey [16], reinforce the notion
that L2 learning should be viewed as an integrated and adaptive cognitive-affective
system.

Within this framework, A. D. Baddeley [15], B. Norton and K. Toohey [16], and N.
C. Ellis [17] position working memory (WM) as a key cognitive engine for L2 devel-
opment. They describe how WM enables the learner to hold linguistic input active
long enough to interpret syntax, construct meaning, and integrate new information
into discourse. Learners with stronger WM resources tend to develop more complex
grammar, richer vocabulary, and deeper reading comprehension - a pattern that is
closely connected to executive functions (EF). E. Bialystok [1] and D. W. Green and J.
Abutalebi [18] demonstrate that WM works in tandem with EF to sustain attention,
inhibit distractions, and shift flexibly between linguistic representations, processes
linked to activity in the dorsolateral prefrontal cortex as noted by Z. Dérnyei and E.
Ushioda [13] and P. Skehan [19].

When looking beyond individual studies, J. A. Linck, P. Osthus, J. T. Koeth et al.
[20] show through meta-analytic evidence that the relationship between WM and
L2 reading comprehension is reliably moderate (r = .30). Yet they also reveal that
methodological inconsistencies strongly influence effect sizes. For instance, I. Choi
[21] points out that reading span tasks conducted in the L2 are more predictive of
comprehension outcomes than those using L1 stimuli because they activate lan-
guage-specific WM mechanisms. Task design further alters results: semantic plausi-
bility judgments are more cognitively demanding than grammaticality checks, strict
serial recall requires greater WM control than free recall, and longer sentences in-
tensify processing load by increasing syntactic and semantic complexity.

Expanding these observations, Z. Wen and S. Li [6],]. Shin [10, 11], and I. O’Brien
and B. Opitz [12] demonstrate that the characteristics of the reading assessments
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themselves — including the type of text, response format, and overall cognitive bur-
den - can markedly shape the strength of the observed WM-L2 reading link. Tak-
en together, these insights point toward important consequences for both research
and teaching. From a methodological standpoint, more systematic coding of task
conditions is vital for revealing the true contribution of WM to L2 reading success.
From a pedagogical perspective, J. Sweller, P. Ayres and S. Kalyuga [22], along with
F. Paas and ]. Sweller [23], contend that learning tasks which require simultaneous
processing, retention, and speed - rather than mere repetition — more effectively
strengthen the cognitive capacities that underpin successful L2 acquisition.

Age and Critical Periods

The concept of a critical period has long held a central role in second language
acquisition research, as first articulated by E. H. Lenneberg [24]. Building on this
early perspective, J. S. Johnson and E. L. Newport [25] proposed that there exists a
biologically determined window during which heightened neuroplasticity enables
effortless and natural language learning, whereas post-puberty acquisition becomes
slower, more effortful, and often incomplete. More recent work paints a more nu-
anced picture. J. K. Hartshorne, J. B. Tenenbaum and S. Pinker [26], together with
O. M. Sawi and J. G. Rueckl [27], argue for a gradient sensitivity model rather than
a strict cut-off. In this view, the rate and ultimate success of acquisition decline
gradually and unevenly across linguistic domains, with phonology typically showing
earlier age-related constraints than morphosyntax or discourse.

Since 2016, researchers have increasingly demonstrated that age-related re-
ductions in implicit learning capacity can be offset through compensatory mech-
anisms. P. I. De Costa and B. Norton [14], along with K. Saito, ]. M. Dewaele, M. Abe
and Y. In’nami [28] and R. DeKeyser and J. Larson-Hall [29], observe that adult learn-
ers — especially those beginning later in life — tend to rely more on explicit strategies
such as focused memorisation, metalinguistic reflection, and deliberate attention
control. These strategies allow older adults to regulate learning effort and maintain
progress despite biological constraints, suggesting that age does not prohibit acqui-
sition but rather shifts the balance between implicit and explicit learning processes.

An especially underexplored population involves individuals over the age of 60,
who have often been excluded from mainstream psycholinguistic investigations. J.
A. Grossmann, S. Aschenbrenner, B. Teichmann et al. [30], as well as J. A. Meltzer, M.
Kates Rose, A. Y. Le et al. [31], provide emerging evidence that late-life L2 learning
can produce cognitive benefits extending well beyond linguistic gains. Their find-
ings highlight improvements in attention, working memory, and executive func-
tions — capacities closely associated with maintaining cognitive health and inde-
pendence in older adulthood.

These results align with the cognitive reserve hypothesis, which proposes that
intellectually stimulating activities, including foreign language learning, can delay
cognitive decline by strengthening neural efficiency and resilience. Consequently,
age should not be treated merely as a background constraint but rather as a mean-
ingful moderator of how psycholinguistic variables translate into learning success.
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While younger learners benefit predominantly from biological neuroplasticity, E.
Bialystok [1], P. I. De Costa and B. Norton [14], and A. D. Baddeley [15] emphasise
that older adults draw on motivational strengths, cognitive training effects, and
supportive social environments.

This shift in perspective encourages a rethinking of theoretical models of age
sensitivity and supports the development of pedagogical approaches tailored to the
learning potential of late-life L2 learners. Rather than focusing on limitations, cur-
rent research invites us to recognise the distinct advantages and contributions that
older adults bring to the language learning process.

Attention and Execute Functions

Executive functions: comprising cognitive flexibility, inhibitory control, and
the updating of information in working memory, play a central role in second lan-
guage acquisition. A. Miyake and N. P. Friedman [8] emphasise that these mecha-
nisms enable learners to manage attentional resources, suppress interference from
the first language, and switch efficiently between linguistic systems, a view also
reinforced by A. Diamond [32]. H. Sun, R. Steinkrauss, M. Wieling et al. [33] demon-
strate that executive functioning can be a stronger predictor of L2 outcomes than
years of instruction or cumulative learning exposure. In line with this, L. L. Kapa
and J. Colombo [3], along with J. Cox, L. L. Kapa and ]. Colombo [5], show that bilin-
guals frequently exhibit advantages in inhibitory control and task-switching. These
strengths translate into more accurate grammar processing and enhanced phono-
logical performance, while K. A. Yurgil and N. Golestani [34] further document im-
provements in pronunciation. Training-based studies offer additional evidence for
the malleability of executive systems. E. Bialystok [1] and J. F. Kroll and E. Bialystok
[2] report that targeted cognitive exercises — particularly those engaging attentional
control and cognitive flexibility, can enhance lexical access and syntactic accuracy,
thereby directly supporting language development.

The role of executive functions becomes even more prominent when consider-
ing older adults. G. Bubbico, F. Tomaiuolo, C. Sestieri et al. [35] provide compelling
evidence that even short-term foreign language courses in individuals over 60 yield
measurable improvements in executive functioning. These findings align with the
cognitive reserve framework by demonstrating that sustained cognitive engagement
through language learning may contribute to healthier ageing trajectories and the
maintenance of functional independence.

I. O’Brien and B. Opitz [12], together with Z. Dérnyei and E. Ushioda [13] and P.
Sun, C. Li, Z. Liang [36], interpret executive functions as a crucial interface between
cognition and language — one that moderates age-related differences in L2 learning
outcomes. Moreover, E. Bialystok [1], P. I. De Costa and B. Norton [14],and A. D. Bad-
deley [15] argue that these mechanisms should be prioritised not only in theoretical
models but also in instructional and clinical interventions aimed at learners across
the lifespan.
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Motivation and Identity

In contemporary post-2020 scholarship, motivation is increasingly portrayed
as a fluid, multilayered process deeply connected to how learners perceive and ne-
gotiate their linguistic identities. E. Ushioda [37] highlights the relational nature
of motivation in L2 contexts, while M. Papi, A. Bondarenko, S. Mansouri et al. [38]
demonstrate that identity-construction strategies strongly influence learners’ will-
ingness to sustain engagement over time. Shifting beyond the traditional instru-
mental-integrative distinction, M. Williams and M. Sarah [39], together with M.
Lamb and F. E. Arisandy [40], show through longitudinal evidence that motivation
is not static. Rather, it evolves dynamically as a function of classroom interactions,
pedagogical practices, and broader sociocultural expectations that either empower
or constrain the learner.

Alongside motivational dynamics, affective dimensions play a decisive role. J.
A. Linck, P. Osthus, ]. T. Koeth et al. [20], L. V. Hedges and J. L. Vevea [41], and ]. M.
Dewaele and P. D. MacIntyre [42] consistently report that emotional intelligence
supports self-regulation and adaptation to novel communicative demands, whereas
language anxiety acts as a reliable negative predictor of participation, performance,
and persistence in L2 learning. These findings depict a complex affect-identity-mo-
tivation interface in which emotional resilience enables learners to navigate chal-
lenges and maintain commitment to language goals.

Pedagogically, approaches that affirm and legitimise multilingual identities
appear particularly impactful. J. A. Linck, P. Osthus, J. T. Koeth et al. [20] note that
authentic communicative tasks — those enabling the learner to use the language
with personal meaning and relevance — enhance engagement and long-term per-
severance. E. H. Lenneberg [24] further suggests that opportunities to integrate the
target language into lived social experience help maintain motivation even when
cognitive demands intensify. Taken together, this line of research underscores that
motivation and identity are not isolated constructs but interconnected elements
within a broader ecological system of language learning. Their interaction shapes
not only how learners feel about acquiring a new language, but also who they be-
come in the process.

Psycholinguistic Strategies and Teaching Methods

Post-2016 research increasingly supports the view that effective language in-
struction must integrate cognitive and affective principles into its design. D. W.
Green and J. Abutalebi [18] underline that communicative approaches and focus-
on-form techniques activate both implicit and explicit learning systems, a claim
reinforced by L. Plonsky and F. L. Oswald [43] who identify these approaches among
the most successful instructional practices. In addition, P. Li, J. Legault and K. A.Li-
tcofsky [4], together with Z. Wen and S. Li [6], show that tasks purposefully targeting
working memory and executive functions promote selective attention, enhance syn-
tactic accuracy, and accelerate the acquisition of difficult grammatical structures. R.
Oxford [44] emphasises that such benefits are maximised when cognitive load and
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processing demands are carefully calibrated — corresponding to the moderating in-
fluences discussed previously in relation to task variability.

Recent technological advances have further transformed instructional possibil-
ities.]. Cox, L. L. Kapa and J. Colombo [5] demonstrate that mobile-assisted language
learning (MALL), adaptive software, and interactive online platforms strengthen not
only academic outcomes but also motivational engagement. E. Ushioda [37] and M.
Williams, M. Sarah and R. Stephen [39] add that these tools allow learners to regu-
late their own progress, personalise learning trajectories, and maintain long-term
involvement. Further support comes from systematic reviews conducted after 2020,
where K. A. Yurgil and N. Golestani [34] and E. Ushioda [37] conclude that digital
solutions enrich traditional educational approaches and contribute substantially to
both instructional effectiveness and learner satisfaction.

Accordingly, psycholinguistic strategies and instructional methods should be
conceptualised as a dynamic system that integrates cognitive, affective, and tech-
nological factors. Such an integrative approach creates optimal conditions for L2
acquisition by accommodating individual differences and the broader social context
of learning. Summarising these findings underscores the importance of examining
cognitive, affective, and pedagogical factors within a unified framework, while re-
cent empirical studies (post-2022) complement this theoretical perspective with
concrete evidence, synthesised in Table 1.

Table 1
Contemporary studies (2020-2025) addressing psycholinguistic and age-related
factors in L2 acquisition

Authors and year

Sample/Age

Research focus

Main findings

Relevance for L2

et al. [33]

greater grammati-
cal accuracy

L. Luo, X. Feng, P. Li|Chinese university |WM and L2 reading WM predicts com- |Supports the role
[45] students (18-22) prehension of com- |of WM

plex texts
H. Sun, R. Stein-|ESL learners EF and language Strong inhibitory  |Importance of EF
krauss, M. Wieling|(20-35) switching control leads to

J. A. Grossmann, S.
Aschenbrenner, B.
Teichmann et al.
[30]

Adults 60+

Language learn-
ing and cognitive
ageing

Improvements
in attention and
memory

Benefits for late-
life learning

Y. Ge, S. Correia, Y.
W. Lee et al. [46]

Secondary school
students (12-15)

Motivation and
digital platforms

Increased motiva-
tion and partici-
pation

Role of technol-
ogies

Sestieri et al. [35]

improvements in
executive functions

Q. Peng, S. Li University students |EI and anxiety EI mitigates the Affective factors
[47] (20-25) effect of anxiety

G. Bubbico, F.|Learners 65+ L2 and executive Short-term courses |Interventions for
Tomaiuolo, C. functions result in significant |older adults

Source: Author’s own synthesis based on included studies.
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Evidence from recent studies (2022-2025) confirms the strong role of working
memory and executive functions in L2 reading and grammar, while showing that
their impact is moderated by task design and learning context. Research increas-
ingly includes older adults, demonstrating that late-life language learning can en-
hance attention and inhibitory control, supporting the cognitive reserve framework
and emphasising preventive value. At the same time, a shift is evident from purely
cognitive explanations toward integrated models where affective factors, motiva-
tion, and identity mediate the use of cognitive resources. Emotional intelligence
and anxiety emerge as decisive moderators: even with strong cognitive profiles,
high stress reduces efficiency, while supportive environments and authentic tasks
foster sustained engagement. Technology-assisted learning further refines these
processes by calibrating cognitive load through adaptive pacing, task complexity,
and feedback, aligning pedagogy with learner profiles. Age differences highlight
not only variation in effect size but also in learning mechanisms: older adults rely
more on explicit strategies and supportive contexts, while younger learners benefit
from faster implicit consolidation. Despite convergences, heterogeneity in samples,
tasks, and measures necessitates careful modelling of moderators such as context
(EFL/ESL/immersion), test format, and age group. Many studies with older learners
remain small-scale and short-term, underscoring the need for longitudinal designs.
Overall, the meta-analysis should move beyond descriptive averages to explanato-
ry models integrating cognitive, affective, and pedagogical dimensions. Practically,
effective interventions must combine training of storage and processing, anxiety
reduction, and adaptive technologies, particularly for older adults. Future research
requires systematic coding of methods, preregistered protocols with moderator
analyses, and broader, more diverse samples to strengthen generalisability and ped-
agogical translation.

Methodology and Methodological Foundations

This study was designed as a systematic review and meta-analysis with the pur-
pose of integrating the accumulating evidence on how psycholinguistic and age-re-
lated factors influence second language (L2) acquisition. H. Cooper [48] argues that
a meta-analytic strategy is essential for addressing the fragmentation character-
ising individual studies, which often differ widely in theoretical orientations, task
types, and participant characteristics.

Grounded within a psycholinguistic perspective, E. Bialystok [1] and Z. Dornyei
and E. Ushioda [13] conceptualise L2 development as the product of interactions be-
tween cognitive resources: such as working memory, attention, and executive func-
tions, affective variables including emotional intelligence, motivation, and anxiety,
and sociocontextual elements such as identity and the learning environment. This
multifactorial approach requires attention not only to direct effects but also to
moderating influences, as highlighted by P. Sun, C. Li, Z. Liang [36] and L. Plonsky
and F. L. Oswald [43].
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Data collection and reporting adhered to PRISMA 2020 standards [49]. Docu-
mentation of search, screening, and study inclusion followed the recommended flow
diagram and checklist, consistent with procedures outlined by J. R. Borenstein, E. A.
Hennessy and S. Tsuji [50]. The application of predefined inclusion and exclusion
criteria ensured methodological comparability across studies, in line with recom-
mendations by L. V. Hedges and J. L. Vevea [41], and M. Borenstein, L. V. Hedges, J. P.
T. Higgins et al. [51].

To qualify for inclusion, empirical peer-reviewed articles or dissertations pub-
lished between 2000 and 2025 were required to provide quantitative data linking
at least one psycholinguistic factor to measurable L2 outcomes - covering reading,
listening, speaking, writing, grammar, or vocabulary — as demonstrated in earlier
meta-analytic work by Z. Wen and S. Li [6] and J. A. Linck, P. Osthus, J. T. Koeth et al.
[20]. In addition, a minimum sample size of 30 participants was established to main-
tain adequate statistical power, following the recommendations of ]J. Cohen [52].

The review considered studies with learners across the lifespan, but placed par-
ticular emphasis on adults over 60 — an understudied yet critically important popu-
lation for understanding cognitive plasticity in later life. D. Birdsong [53] and L. Luo,
F.I. M. Craik, S. Moreno et al. [54] stress the significance of examining older adults
to advance theories of age-related learning potential.

To ensure broad applicability, research was drawn from a range of instructional
environments, including EFL and ESL contexts, as well as immersion programmes
in both academic and extracurricular settings, as described by L. Ortega [55] and E.
Banales, J. A. Linck and E. Schweiter [56]. Conceptual or narrative reviews lacking
quantitative evidence, studies involving clinical populations with severe cognitive
impairment, and reports without sufficient statistical data to compute effect sizes
were excluded, consistent with standards outlined by L. Plonsky and F. L. Oswald
[43]. Duplicate records were also removed to avoid overweighting particular data-
sets.

By applying these rigorous and clearly defined procedures, the study aimed to
generate a high-quality, methodologically coherent evidence base, thereby enabling
more reliable conclusions about the impact of psycholinguistic and age-related fac-
tors on L2 learning.

Search and Selection of Publications

Building on H. Cooper’s [48] recommendation that a robust search procedure
is essential for achieving validity and minimising bias in systematic reviews, the
current investigation employed a comprehensive search across four major interna-
tional databases: Web of Science, Scopus, PsycINFO, and Google Scholar. The search
covered the period from 2000 to 2024, and a final update in September 2025 ensured
inclusion of newly published studies. To capture key psycholinguistic and affective
dimensions of L2 learning, Z. Wen and S. Li [6] and L. Plonsky and F. L. Oswald [43]
recommend the use of Boolean operators to combine search terms such as working
memory, executive functions, emotional intelligence, motivation, and anxiety with sec-
ond/foreign language, learning/acquisition, and outcome.
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To minimise omission of eligible evidence, manual searches of reference lists
in included studies were also performed. L. V. Hedges and ]. L. Vevea [41] and ]. R.
Borenstein, E. A. Hennessy and S. Tsuji [50] identify this additional step as best prac-
tice in systematic reviewing because it allows researchers to include relevant mate-
rial not indexed in major databases, including dissertations and specialised publi-
cations. This combined approach aimed to provide the broadest possible empirical
coverage by integrating automated retrieval with expert screening.

The selection process followed multiple stages designed to ensure high reliabil-
ity and reduce subjective bias. H. Cooper [48] and D. Moher, A. Liberati, |J. Tetzlaff
et al. [49] emphasise the importance of independent evaluation in PRISMA-aligned
protocols; therefore, two reviewers independently screened titles and abstracts,
followed by in-depth full-text assessment. Agreement between the reviewers was
strong (x = 0.82), demonstrating consistent application of eligibility criteria - an
outcome aligned with methodological standards outlined by J. T. Higgins, . Thomas,
J. Chandler et al. [57]. Any disagreements were resolved through consensus discus-
sions to ensure fairness and transparency in decision-making.

During data extraction, a structured coding protocol was used to record key
participant characteristics (including age group and language background), instruc-
tional contexts (EFL, ESL, and immersion programmes), and the types of language
tasks assessed (e.g. lexical, reading, grammar, oral production). In addition, mea-
sures of working memory, executive functions, emotional intelligence, and anxiety
were systematically documented. Statistical indicators — including correlation co-
efficients (r), standardised effect sizes (Hedges’ g), means, and standard deviations
— were also collected, following recommendations by L. V. Hedges and J. L. Vevea
[41] and M. Borenstein, L. V. Hedges, J. P. T. Higgins et al. [51] to ensure comparabil-
ity and accurate aggregation of results. Table 2 provides a detailed overview of the
study selection process, illustrating inclusion and exclusion outcomes in accordance
with the PRISMA protocol described by D. Moher, A. Liberati, J. Tetzlaff et al. [49].

Table 2
PRISMA flow of studies
Stage n Excluded Remaining

Records identified 1,247 312 duplicates 935

Title /abstract screening 935 642 irrelevant 293

Full-text assessment 293 255 with incomplete 38
data

Included in synthesis 38 — —

Source: Author’s own summary based on the included studies.

The results of the screening process indicate that, out of the 1,247 initially
identified publications, only 38 ultimately satisfied all inclusion criteria. According
to H. Cooper [48], such a substantial narrowing of the corpus reflects both the meth-
odological rigor of the review and the fragmented nature of current research in the
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field. D. Birdsong [53] and ]. R. Polanin, E. A. Hennessy and S. Tsuji [58] further point
out that the prevalence of studies with incomplete or inaccurately reported data
reveals an urgent need for higher standards of transparency and reporting within
psycholinguistics and second language acquisition. In this context, ]. R. Borenstein,
E. A. Hennessy and S. Tsuji [50] highlight the critical contribution of meta-analytic
techniques in addressing these deficits by systematically coding and integrating the
evidence that is available.

Several key implications arise from this outcome. First, the dramatic reduction
from over a thousand initially retrieved records to just a few dozen eligible studies
underscores the lack of standardisation in the operationalisation and measurement
of psycholinguistic factors. As J. R. Borenstein, E. A. Hennessy and S. Tsuji [50] note,
such inconsistency complicates cumulative knowledge building and limits the reli-
ability of generalisations - challenges that are especially consequential for meta-an-
alytic syntheses.

Second, the high proportion of excluded studies due to missing statistical infor-
mation reflects a systemic gap in methodological rigor. J. R. Polanin, E. A. Hennessy
and S. Tsuji [58] emphasise that the absence of core indicators such as correlation
coefficients, standard deviations, or sufficient data to compute effect sizes hinders
the ability to perform valid cross-study comparisons. L. V. Hedges and J. L. Vevea
[41] together with J. M. Dewaele and P. D. MacIntyre [42] explain that this limitation
weakens our capacity to model the relationships among working memory, executive
functions, motivation, emotional intelligence, and L2 performance with precision.

Third, the fact that only 38 studies met all criteria reveals continued fragmenta-
tion in the evidence base, particularly with respect to age-related research. D. Bird-
song [53, 59] and L. Luo, F. I. M. Craik, S. et al. [54] stress that adults over 60 remain
markedly underrepresented, despite their importance for understanding cognitive
reserve, lifelong plasticity, and the potential benefits of L2 learning in older adult-
hood.

Finally, this outcome reinforces what D. Moher, A. Liberati, J. Tetzlaff et al. [49]
identify as a broader methodological imperative: the field must adopt unified stan-
dards for research design, measurement, and statistical reporting. Only through
such standardisation will future meta-analyses be able to draw from larger, more
coherent datasets that truly capture the complexity of second language acquisition
across the lifespan.

Statistical Analysis

Data processing was carried out using the software Comprehensive Meta-Anal-
ysis (CMA) 3.0, as recommended by J. R. Borenstein, E. A. Hennessy and S. Tsuji [50].
This program enables the integration of diverse effect sizes into a common metric,
either as correlation coefficients (r) or as standardised mean differences, following
the procedures outlined by L. V. Hedges and J. L. Vevea [41]. Given the expected vari-
ability in study designs and participant characteristics, M. Harrer, P. Cuijpers, T. A.
Furukawa et al. [60] advocate the use of a random-effects model (REML), which was
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therefore applied to ensure the broader generalisability of the results beyond the
included samples.

To assess heterogeneity in the effects, Q, 12 and 12 statistics were calculated,
providing a measure of consistency across studies in accordance with guidelines
described by J. T. Higgins, ]. Thomas, J. Chandler et al. [57]. The aggregated findings
revealed robust and statistically significant links between key psycholinguistic fac-
tors and L2 learning outcomes. Working memory showed the strongest overall effect
(g=0.68,95% CI[0.54, 0.82], I? = 47%), confirming its role as a central cognitive pre-
dictor, as previously discussed by P. Li, J. Legault and K. A. Litcofsky [4]; Z. Wen and
S.Li[6]; and J. A. Linck, P. Osthus, J. T. Koeth et al. [20]. Motivation also emerged as
a substantial contributor (r=0.32,95% CI [0.21, 0.43], I? = 61%), though with greater
variability likely shaped by cultural and contextual moderators, as demonstrated by
Z.Dornyei and E. Ushioda [13], H. Sun, R. Steinkrauss, M. Wieling et al. [33], and Q.
Peng and S. Li [47].

Affective dimensions contributed meaningfully as well. Emotional intelligence
exerted a moderately positive effect (= 0.29, 95% CI [0.17, 0.41], I? = 38%), consis-
tent with findings by K. Saito, ]. M. Dewaele, M. Abe et al. [28]. In contrast, language
anxiety was associated with lower attainment (r = -0.25, 95% CI [-0.36, -0.14], I? =
42%), a pattern repeatedly reported by E. K. Horwitz, M. B. Horwitz and J. Cope [61],
and by J. M. Dewaele, ]J. Witney, K. Saito et al. [62]. Together, these results demon-
strate that individual differences in L2 success are shaped by a combination of cog-
nitive strength and affective resilience, underscoring the importance of addressing
both domains in future research and instructional design.

After establishing the aggregated effects of working memory and executive
functions, the next step was to examine factors that could modify the strength and
direction of these relationships. Particular attention was given to the age structure
of the samples, the type of language tasks, and the learning context, as these vari-
ables are frequently identified in the contemporary literature as key to explaining
heterogeneity in results. The findings of the moderator analyses are presented in
Table 3.

Table 3
Moderator effects in the meta-analysis: role of age, task type, and learning context
Moderator Category Effect Size (r/ g) 12 (%) Interpretation
Age Children (6-12) £=0.51 39% Moderate effect on reading
Young adults g=0.74 44 % Strongest effects
(18-25)
Seniors (60+) g=0.42 41 % Significant yet weaker effects
Task type Vocabulary r=0.36 47 % Stronger than grammar
Grammar r=0.29 52% Weaker effect
Context ESL r=0.41 45 % Strongest impact of motivation
EFL r=0.28 59 % Greater variability

Source: Author’s own summary based on the included studies.
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Moderator analyses revealed clear age-related and contextual differences in the
strength of effects. E. Bialystok [1] and H. Sun, R. Steinkrauss, M. Wieling et al. [33]
note that the highest influence of working memory and executive functions is typ-
ically seen among young adults (18-25 years), whose cognitive efficiency and flex-
ibility are at their peak. At the same time, older adults (60+) demonstrated mean-
ingful, albeit more moderate, effects (g = 0.42), providing empirical support for the
cognitive reserve hypothesis and the persistence of neural plasticity later in life,
as demonstrated by J. A. Grossmann, S. Aschenbrenner, B. Teichmann et al. [30], G.
Bubbico, F. Tomaiuolo, C. Sestieri et al. [45].

Task characteristics also moderated results. P. Li, ]. Legault and K. A. Litcofsky
[4] and Z. Wen and S. Li [6] report that vocabulary-based assessments were more
sensitive to psycholinguistic influences than grammar tasks, likely because lexical
learning places strong demands on both information processing and retention.

The learning context further shaped outcomes. According to Z. Dérnyei and E.
Ushioda [13] and M. Lamb and F. E. Arisandy [40], motivation showed stronger ef-
fects in ESL environments, whereas EFL settings displayed weaker and more vari-
able relationships - likely due to limited opportunities for authentic communica-
tion and stronger dependence on classroom input. Taken together, these findings
demonstrate that age and instructional context are not background characteristics,
but meaningful moderators shaping how cognitive resources and affective factors
are deployed in second language learning. This perspective opens new avenues for
designing pedagogical interventions tailored to different age groups and sociolin-
guistic environments.

Quality appraisal of the included studies was performed using the Joanna
Briggs Institute (JBI, 2020) checklist, which evaluates measurement validity, sam-
pling procedures, and reporting accuracy. The majority of studies were classified as
high quality: 28 provided strong measurement validity, 30 demonstrated adequate
sampling, and 32 reported their results clearly and transparently. However, ]. R. Po-
lanin, E. A. Hennessy and S. Tsuji [58] note that a small subset of studies exhibited
weaknesses related to insufficient control of confounding variables or limited meth-
odological description.

To assess publication bias, both graphical and statistical approaches were im-
plemented. Egger’s test [63] did not indicate significant asymmetry, suggesting no
systematic over-representation of positive effects. In addition, the trim-and-fill
procedure by S. Duval and R. Tweedie [64] identified two potentially missing stud-
ies, whose imputed inclusion slightly reduced the estimated working-memory ef-
fect size from g = 0.68 to g = 0.64. This negligible adjustment does not alter the
primary interpretation of the results, which remain stable and highly reliable, con-
sistent with standards detailed by J. R. Borenstein, E. A. Hennessy and S. Tsuji [50],
M. Borenstein, L. V. Hedges, J. P. T. Higgins et al. [51] and M. Harrer, P. Cuijpers, T. A.
Furukawa et al. [60].
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Rationale of Methods and Pedagogical Implications

The adoption of a meta-analytic approach in this study is grounded in the need
to synthesise fragmented findings and to develop a more coherent understanding
of how psycholinguistic and age-related factors shape second language acquisition.
H. Cooper [48] emphasises that meta-analysis allows researchers to transcend the
limitations of isolated studies and to generate conclusions that are relevant to both
theoretical modelling and pedagogical practice.

A central pedagogical insight emerging from the results concerns the impor-
tance of working memory and executive functions in language learning. P. Li, J. Le-
gault and K. A. Litcofsky [4] and K. A. Yurgil and N. Golestani [34] show that cognitive
capacity can be strengthened when instructional tasks are deliberately structured
to support both storage and processing mechanisms. For younger learners, short-
term recall activities combined with semantic integration promote syntactic devel-
opment and vocabulary consolidation. For adults (and particularly those aged 60+)
J. A. Grossmann, S. Aschenbrenner, B. Teichmann and P. Meyer [30] demonstrate
that combining linguistic tasks with cognitive training techniques such as attention
modulation, dual-task performance and adaptive digital programmes yields positive
effects on memory and language performance. Affective dimensions also call for
targeted pedagogical responses. Z. Dérnyei and E. Ushioda [13], Y. Ge, S. Correia, Y.
W. Lee et al. [46], and Q. Peng and S. Li [47] argue that motivation and emotional
intelligence can be enhanced through activities that foster emotional regulation,
self-reflection and sustained engagement. Strategies such as reflective journaling,
collaborative discussions and project-based learning support learners in linking
the target language to their emerging or existing identities. E. Ushioda [37] and B.
Norton and P. I. De Costa [65] further show that this identity-oriented engagement
strengthens motivation over time.

Contextual considerations are equally important. In ESL settings, where au-
thentic communication is more readily accessible, such practices can be seamlessly
integrated into everyday interaction. In EFL contexts, E. Bialystok, G. J. Poarch, L.
Luo et al. [66] and R. Godwin-Jones [67] suggest that digital tools and virtual com-
munication spaces can help compensate for reduced exposure by creating opportu-
nities for real-world language use. For older adults, the pedagogical implications are
particularly valuable. D. Birdsong [53] and L. Luo, F. I. M. Craik, S. Moreno et al. [54]
emphasise that foreign language learning should not be viewed solely as developing
communicative competence but also as a form of cognitive stimulation that helps
maintain executive functioning. Evidence from J. A. Grossmann, S. Aschenbrenner,
B. Teichmann et al. [30] indicates that even brief instructional programmes can en-
hance attention and memory. Consequently, courses for learners aged 60+ should
be designed with a focus on cognitive diversity, rich social engagement and strong
emotional support.
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Results and Discussion

The systematic search yielded 1,246 publications, and after the removal of du-
plicates, 1,010 records remained for title and abstract screening. This stage resulted
in a substantial reduction of the dataset, with 86 studies selected for full-text eval-
uation. Ultimately, 45 studies were deemed suitable for qualitative synthesis, and 38
contributed quantitative data to the meta-analysis, representing a total sample of
approximately 7,200 participants.

J. R. Polanin, E. A. Hennessy and S. Tsuji [58] note that the high exclusion rate
at the full-text stage reflects a persistent issue in L2 research, namely insufficient
statistical reporting, which limits the feasibility of meta-analytic integration. More-
over, Z. Wen and S. Li [6] observe that the retained evidence base remains unevenly
distributed across linguistic domains, with phonology and morphosyntax dispro-
portionately represented, while research on pragmatic and discourse-level skills is
comparatively sparse. Likewise, J. A. Grossmann, S. Aschenbrenner, B. Teichmann et
al. [30] and Birdsong D. [59] emphasise that adults aged 60+ remain underrepresent-
ed, which directly affects the generalisability of findings across age groups.

Despite these limitations, the meta-synthesis revealed stable and theoretically
consistent links between cognitive mechanisms and L2 attainment. Working mem-
ory demonstrated a moderate-to-strong aggregate correlation with language out-
comes (r = 0.54, 95% CI [0.48, 0.60], I? = 42%), aligning with evidence reported by P.
Li,J. Legault and K. A. Litcofsky [4] and ]. A. Linck, P. Osthus, ]. T. Koeth et al. [20]. Z.
Wen and S. Li [6] explain this effect through the role of working memory as a tem-
porary storage and integration system supporting syntactic processing and lexical
consolidation.

Executive functions also showed a significant contribution (d = 0.46, 95% CI
[0.39,0.53], I? = 38%), highlighting the importance of cognitive flexibility, inhibitory
control and performance monitoring in suppressing L1 interference and managing
code-switching demands. H. Sun, R. Steinkrauss, M. Wieling and K. de Bot [33] and
L. Luo, X. Feng and P. Li [45] observe that these effects remain stable across varied
contexts, particularly in tasks with high attentional demands.

Affective variables followed the expected pattern. Z. Dornyei and E. Ushioda
[13] and Y. Ge, S. Correia, Y. W. Lee et al. [46] show that emotional intelligence and
motivation positively predict achievement and persistence, whereas K. Saito, ]J. M.
Dewaele, M. Abe et al. [28] and D. Moher, A. Liberati, ]. Tetzlaff et al. [49] confirm
that language anxiety negatively influences engagement and performance. These
findings support an integrated model in which cognitive resources determine pro-
cessing capacity, motivational and emotional factors sustain effort, and anxiety acts
as cognitive “noise” reducing efficiency under demanding conditions.

Moderator analyses further indicated that age, task type and learning context
condition the strength of effects. D. Birdsong [53] reports that in children work-
ing-memory effects are strongest in phonological and early grammatical develop-
ment, while adults compensate for reduced neuroplasticity through explicit strate-
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gies and metacognitive control. In older adults, J. A. Grossmann, S. Aschenbrenner,
B. Teichmann et al. [30] and G. Bubbico, F. Tomaiuolo, C. Sestieri, G. Akhlaghipour
et al. [35] find that effects remain significant but with greater variability, indicat-
ing heterogeneous adaptation pathways. Task-level analyses revealed that working
memory contributes most to lexical and reading performance (P. Li, J. Legault, K.
A. Litcofsky [4]), while executive functions are especially relevant for grammatical
processing and rule-switching (H. Sun, R. Steinkrauss, M. Wieling et al. [33]). Con-
textual factors also moderated outcomes. Motivation was particularly strong in ESL
and immersion environments, where authentic communicative needs drive engage-
ment, as explained by Z. Dornyei and E. Ushioda [13] and Z. Dornyei [68]. In contrast,
the variability in EFL settings was higher and outcomes depended more heavily on
pedagogical measures to compensate for limited exposure (Q. Peng, S. Li [47]).

Finally, publication-bias diagnostics confirmed the robustness of the conclu-
sions. M. Harrer, P. Cuijpers, T. A. Furukawa et al. [60] report that the funnel plot
showed no substantive asymmetry, and Egger’s regression test (5 = 0.78, p = 0.19)
failed to detect small-study bias. Although minor asymmetry was noted for exec-
utive-function data, the trim-and-fill adjustment by S. Duval and R. Tweedie [64]
resulted in only a slight modification of the effect size (d = 0.46 — d = 0.42), leaving
the overall interpretation unchanged - a stability further confirmed by J. R. Boren-
stein, E. A. Hennessy and S. Tsuji [50] and M. Borenstein, L. V. Hedges, . P. T. Higgins
etal. [51].

These synthesised results can therefore be regarded as reliable and resistant
to publication-related distortions. In sum, the findings highlight clear associations
between cognitive resources and L2 outcomes, with working memory and executive
functions emerging as the most robust predictors. To provide an overview of these
effects, Table 4 systematises the key indicators: number of studies, sample sizes,
effect sizes, and levels of heterogeneity.

Table 4
Summary of cognitive factors and effect sizes
q 95%
Factor leltmugie:s()f a rticl\il ants Effff/tdilze Confidence 12 (%) p-value
p P interval
Working 25 4,200 r=0.54 [0.48; 0.60] 42 <0.001
Memory
(WM)
Executive 15 2,500 d=0.46 [0.39; 0.53] 38 <0.001
Functions
(EF)

Source: Author’s own summary based on the included studies.

The data in Table 4 confirm that working memory not only has a statistical-
ly significant contribution but is also conceptually the most directly linked to lan-
guage processing, as it provides a temporary buffer for integrating syntactic and
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semantic information. Executive functions, while yielding a slightly lower effect,
operate as an overarching regulatory mechanism, supporting cognitive flexibility
and control over interference. The moderate heterogeneity of both indicators sug-
gests the presence of systematic moderators influencing the strength of these rela-
tionships. Age, task type, and learning context emerge as the most relevant factors,
laying the foundation for a more detailed analysis in the following section. Building
on these findings, the next step is to examine which factors shape the strength of
the reported associations.

Moderators: Age, Task Type and Context

These findings demonstrate that cognitive mechanisms do not operate inde-
pendently; rather, their influence varies systematically depending on learners’ age,
task characteristics and the ecological validity of the learning environment. With
children, effects are strongest in phonology and basic morphosyntactic develop-
ment. Young adults exhibit the most powerful synergy between working memory
and executive functions under high cognitive load. At the same time, adults over
60 continue to show significant effects — albeit with greater variability — a pattern
consistent with emerging research on cognitive plasticity and the preservation of
executive functioning in later life, as shown by J. A. Grossmann, S. Aschenbrenner,
B. Teichmann et al. [30] and D. Birdsong [53, 59]. Task format also plays a decisive
moderating role. Working memory contributes most strongly to lexical and reading
performance, which requires active retention and integration of input, as noted by
P. Li, Legault J. and K. A. Litcofsky [4]. By contrast, grammatical processing places
greater demands on inhibition, shifting and other executive components, as demon-
strated by H. Sun, R. Steinkrauss, M. Wieling et al. [33], L. Luo, X. Feng and P. Li [45],
and L. Luo, F. I. M. Craik, S. Moreno et al. [54].

Learning context further conditions outcomes. In ESL and immersion envi-
ronments, the authentic need for communication creates a productive interaction
between motivational resources and cognitive efficiency, reducing anxiety and sup-
porting automatisation, as reported by K. Saito, ]. M. Dewaele, M. Abe et al. [28]. In
contrast, outcomes in EFL contexts tend to be more heterogeneous because oppor-
tunities for meaningful language use are limited and success depends more heavily
on instructional design and compensatory pedagogical strategies.

Such variability highlights the necessity of critically examining the stability of
conclusions in this field. ]. R. Polanin, E. A. Hennessy and S. Tsuji [58] warn that in-
consistent reporting practices and selective publication may introduce systematic
distortions into the evidence base, reinforcing the importance of methodological
transparency and rigorous meta-analytic evaluation. Consequently, the next step is
to analyse publication bias and the robustness of results in relation to small sample
sizes and incomplete reporting. The observed variability of effects highlights the
need for an in-depth examination of age, task, and contextual moderators. A de-
tailed summary is presented in Table 5.
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Table 5
Moderator influences on pooled effects
Moderator Category (stulc(lies) Effect (r/g) | 12 (%) Interpretation
Children (6-12) 3 g=0.51 39 Moderate WM effect, dpminant
in phonology and reading
Young adults 15 -0.74 44 Strongest combined WM/EF
Age (18-25) &=" effect under high load; stable

Significant but variable effect;
Seniors (60+) 5 g=0.42 41 likely compensation via
metacognitive strategies
WM-mediated effect, stronger

Vocabulary 10 r=0.36 47 h

Task type than grammar
Grammar 9 r=0.29 59 EF-mediated influence; greater

. role of inhibition and switching
High effect; increased

ESL/Immersion 11 r=0.41 45 motivation and engagement,

C reduced anxiety

ontext

Greater variability; limited
EFL 12 r=0.28 59 authentic input, dependence on
pedagogical practices

Source: Author’s own summary based on the included studies.

The data summarised in Table 5 highlight age as a critical moderator in second
language acquisition. Z. Wen and S. Li [6] and ]. A. Linck, P. Osthus, ]. T. Koeth et
al. [20] report that, in childhood, the effects of working memory are strongest in
domains such as phonology and early grammar, where accurate retention and pro-
cessing of acoustic and syntactic information are essential. This pattern aligns with
the sensitive-period perspective proposed by J. K. Hartshorne, ]. B. Tenenbaum and
S. Pinker [26].

Among young adults (18-25), H. Sun, R. Steinkrauss, M. Wieling et al. [33] show
that the interaction between working memory and executive functions is at its peak,
supporting both academic learning and spontaneous communication. In later adult-
hood (60+), significant but more variable effects persist. Findings by J. A. Gross-
mann, S. Aschenbrenner, B. Teichmann et al. [30] and G. Bubbico, F. Tomaiuolo,
C. Sestieri et al. [35] reflect broader individual differences, which D. Birdsong [53]
interprets as evidence for cognitive reserve and heterogeneous adaptation mecha-
nisms in ageing learners.

Task characteristics further shape performance outcomes. Stronger effects of
working memory are observed in lexical and reading tasks, where rapid retention
and integration are required, as shown by P. Li, J. Legault and K. A. Litcofsky [4].
In contrast, executive functions more strongly support grammatical processing and
the management of interference between linguistic rules, as demonstrated by L.
Luo, X. Feng and P. Li [45] and L. Luo, F. I. M. Craik, S. Moreno et al. [54]. Z. Wen and
S.Li [6] explain this division by noting that lexical processing relies more directly on
temporary storage capacity, while grammar requires controlled, adaptive manipula-
tion of linguistic structures.
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Contextual differences between ESL/immersion and EFL settings also reinforce
the importance of ecological validity. K. Saito, ]. M. Dewaele, M. Abe et al. [28] and
Y. Ge, S. Correia, Y. W. Lee et al. [46] show that authentic communicative demands
in ESL environments strengthen motivation, reduce anxiety and foster automati-
sation. In contrast, Q. Peng and S. Li [47] report that outcomes in EFL contexts are
more heterogeneous due to limited real-world use, requiring pedagogical strategies
that compensate through more structured tasks and careful management of cog-
nitive load. In summary, the moderator analysis confirms the necessity of viewing
second language acquisition as a dynamic process in which cognitive and affective
resources intertwine with age profiles and socio-educational contexts. This under-
scores the importance of personalised interventions, for example, cognitive training
for older learners or anxiety-regulation tasks in EFL contexts, to optimise language
acquisition at different stages of the life cycle.

Publication Bias and Robustness of Findings

M. Harrer, P. Cuijpers, T. A. Furukawa et al. [60] report that visual inspection
of the funnel plots for the relationship between working memory and L2 outcomes
demonstrates approximate symmetry, indicating that the published evidence does
not suffer from major distortions. M. Egger, S. G. Davey, M. Schneider et al. [63], along
with further validations by subsequent researchers [69], confirms this interpretation
through Egger’s regression (8o = 0.78, p = 0.19), which does not reveal the presence
of small studies with disproportionately strong effects. Although ]. R. Borenstein,
E. A. Hennessy, and S. Tsuji [50] and M. Borenstein, L. V. Hedges, J. P. T. Higgins et
al. [51] observe slight asymmetry in the case of executive functions, they show that
the trim-and-fill method imputes only two missing studies, minimally reducing the
pooled estimate from d = 0.46 to d = 0.42. These findings collectively demonstrate
that the meta-analytic conclusions remain robust and statistically reliable, provid-
ing a solid basis for theoretical interpretation.

B. Norton and K. Toohey [16] and B. Norton and P. I. De Costa [65] emphasise
the pivotal role of working memory (WM) in L2 learning, describing it as a resource
that enables linguistic units to be simultaneously processed and temporarily stored.
A. Miyake, N. P. Friedman, M. ]. Emerson et al. [70] note that this “online” function
is especially critical for integrating syntactic and semantic information during com-
plex comprehension tasks. The present meta-analysis reinforces this theoretical
perspective, as the aggregated effect of working memory (r = 0.54, I? = 42%) indi-
cates a stable and substantial link across language domains. P. Li, J. Legault and K. A.
Litcofsky [4], together with J. Shin [10], show that methodological features such as
sentence length and recall format amplify differences between learners, positioning
working memory as both a stable cognitive capacity and a measure of processing
resilience.

K.I.Martin and N. C. Ellis [71] argue that executive functions (EF) - including in-
hibitory control, cognitive flexibility, and updating, are equally essential for learners
who must suppress L1 interference while activating novel grammatical rules. L. Luo,
X.Feng, P. Li [45] and L. Luo, F. I. M. Craik, S. Moreno et al. [54] demonstrate that EF

Tom 28, N2 3. 2026 O6pasoBaHMe U Hayka

20



© Spasova L.V.
Psycholinguistic and age factors in foreign language learning: a meta-analysis

are particularly valuable in bilingual environments requiring rapid code-switching.
The current findings (d = 0.46) corroborate this view, showing that EF strongly sup-
port attentional regulation and adaptive control in language use. J. Cox, L. L. Kapa
and J. Colombo [5] and R. W. Engle [72] explain that working memory and executive
functions cooperate: working memory provides the capacity for linguistic manipu-
lation, while executive functions determine how efficiently this capacity is directed.
L. L. Kapa and J. Colombo [3] and K. A. Yurgil and N. Golestani [34] confirm that this
synergy yields domain-specific effects - WM contributes directly to vocabulary and
syntax, whereas EF influence grammatical accuracy and flexibility.

K. I. MacIntyre and N. C. Gregersen [73] highlight the significance of affective
factors, demonstrating that emotional intelligence supports both cognitive efficien-
cy and social interaction in learning environments. Q. Peng and S. Li [47] show that
emotional intelligence reduces anxiety and stabilises motivation, an effect reflected
in the positive association identified in the meta-analysis (r = 0.29). M. Williams, M.
Sarah and R. Stephen [39] and Z. Dornyei [68] further emphasise that motivation (r
=(.32) is dynamic and shaped by identity and context, while anxiety (J. M. Dewaele
and P. D. MacIntyre [42]; C. Alptekin and G. Ercetin [74]) consistently undermines
performance (r = —0.25) by consuming attentional resources needed for processing.
J. S. Johnson and E. L. Newport [25] and ]. K. Hartshorne, J. B. Tenenbaum and S.
Pinker [26] demonstrate that working memory plays a greater role in phonological
and early grammatical acquisition during childhood, consistent with the notion of
sensitive developmental windows. G. Bubbico, F. Tomaiuolo, C. Sestieri et al. [35] and
A. Miyake, N. P. Friedman, M. J. Emerson et al. [70] report that young adults (18-25)
show the highest cognitive efficiency for WM and EF, enabling strong performance
under high cognitive load. ]J. A. Grossmann, S. Aschenbrenner, B. Teichmann et al.
[30] and G. Bubbico, F. Tomaiuolo, C. Sestieri et al. [35] indicate that individuals over
60 continue to benefit from L2 learning (though with greater variability) supporting
D. Birdsong’s [59] view that cognitive reserve sustains neuroplasticity throughout
later adulthood.

E. Ushioda [37] and J. W. Gullifer and D. Titone [75] argue for an integrated
view in which cognitive capacity, affective regulation and contextual affordances
collectively determine L2 success. J. K. Hartshorne, J. B. Tenenbaum, and S. Pinker
[26] and R. DeKeyser and J. Larson-Hall [29] further propose replacing the idea of
a strict “critical period” with a model of domain-specific “corridors of optimality,”
explaining how successful acquisition remains possible across the lifespan through
different cognitive mechanisms. D. Moher, A. Liberati, J. Tetzlaff et al. [49] under-
line that the implementation of PRISMA guidelines, combined with rigorous bias
assessment as recommended by M. Harrer, P. Cuijpers, T. A. Furukawa et al. [60] and
random-effects modelling, ensures reliable generalisation of results. At the same
time, M. Harrer, P. Cuijpers, T. A. Furukawa et al. [60] note that future research must
prioritise more standardised reporting and include overlooked populations, espe-
cially older learners and non-Anglophone contexts.
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D. W. Green and ]. Abutalebi [18] and ]. A. Linck, P. Osthus, J. T. Koeth et al.
[20] recommend phonologically rich, multimodal instruction for children and anx-
iety-regulation strategies for adolescents. J. A. Grossmann, S. Aschenbrenner, B.
Teichmann et al. [30] show that adults and older learners benefit from paced in-
struction and executive-control training. M. Lamb and F. E. Arisandy [40] and R.
Godwin-Jones [67] add that digital and authentic communicative tools are essential
for compensating limited exposure in EFL contexts. Taken together, the results of
the present meta-analysis support a comprehensive model in which cognitive re-
sources provide the foundation for acquisition, affective factors sustain persistence
and engagement, and age- and context-dependent moderators determine the path-
ways through which language learning unfolds across the lifespan.

In this model, working memory and executive functions provide the cognitive
infrastructure that enables linguistic processing and control; motivation and emo-
tional intelligence sustain engagement and adaptation throughout the learning
process; anxiety reduces the availability of cognitive resources and therefore re-
quires pedagogical regulation; and age and learning context emerge as key mod-
erators that shape the dynamics through which these mechanisms interact. When
instructional approaches are deliberately aligned with this integrated framework,
individual differences become not obstacles but structured predictors of success,
transforming variability in learner performance into manageable and optimisable
outcomes.

Conclusions

This meta-analysis synthesises two decades of research on second language
acquisition, integrating cognitive, affective, and contextual perspectives. Results
consistently confirm the central role of working memory and executive functions:
working memory supports real-time integration of linguistic input, while executive
functions regulate attention, inhibit interference, and enable cognitive flexibility.
Their complementary roles explain both their stability as predictors and their do-
main-specific effects. Affective factors also proved decisive. Motivation and emo-
tional intelligence sustain engagement, whereas anxiety constrains achievement by
taxing cognitive resources. These findings support a cognitive-affective model of
co-regulation in which affect mediates the mobilisation of cognitive capacity across
tasks and contexts.

Moderator analyses revealed systematic variation: children show stronger
working memory effects in phonology and early grammar, young adults display peak
integration of cognitive resources, and older learners retain significant though more
variable outcomes, consistent with cognitive reserve. Context matters as well: ESL
and immersion environments enhance motivation and reduce anxiety, while EFL
contexts produce more heterogeneous results, underscoring the need for targeted
pedagogical support. Methodologically, the study contributes by applying PRISMA
2020 standards, random-effects models, and risk-of-bias assessments, yielding ro-
bust results despite limitations such as the underrepresentation of older learners,
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inconsistent measurement tools, and predominance of Anglophone samples. The
study’s contributions are both theoretical and practical: it advances an integrative
framework that unites cognitive and affective factors under the moderating influ-
ence of age and context, and it provides evidence-based guidance for age-sensitive,
contextually adapted instruction.

Future research should broaden the cultural and age range of participants,
standardise measures of key constructs, and employ longitudinal and neurocogni-
tive methods to trace developmental trajectories. Greater attention to digital and
adaptive technologies is also needed to evaluate their potential for sustaining mo-
tivation, enhancing executive control, and compensating for contextual limitations.
Such efforts will refine theoretical models, strengthen empirical generalisability,
and inform pedagogical practices that are both scientifically grounded and respon-
sive to learner diversity.
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Hudopmayus o koHdpaukme unmepecos. ABTOp 3asiByisieT 06 OTCYTCTBUM KOHGIMKTA MHTEPECOB.
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mevyaTh 17.12.2025.
ABTOD mpounTaa 1 omo6puIa OKOHYATEIbHBI BAPUAHT PYKOITMUCH.
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