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Abstract

Older adults commonly experience declines in cognitive control, which significantly impacts
their well-being. Although intensive language training, particularly interpreting, holds potential
for mitigating these declines, its efficacy remains largely unexplored. Based on previous findings
in the literature (especially our theoretical framework on interpreting), we designed a 24-hour
programme of Between-Dialect Interpreting Training (BIT). Using a pretest-intervention-
posttest design, we evaluated the efficacy of the BIT (over 8 weeks) against a control group on
general cognitive ability (MoCA) and core cognitive control functions — working memory (via
listening span and digit backward tasks), interference control (via Stroop and Flanker tasks) and
cognitive flexibility (via colour-shape task and WCST). Results demonstrated notable between-
group differences favouring the BIT, with significant improvements in listening span, Stroop
effect and Stroop global RT, colour-shape switch cost and marginal improvements in digit
backward score and MoCA. The implications of how language training promotes cognitive
health during ageing are discussed.

1. Introduction

Cognitive ageing typically leads to declines in cognitive control (see Reuter-Lorenz et al., 2021 for
areview), which significantly impede daily functioning for older adults (e.g., Verreckt et al., 2022)
and are indicators of neurodegenerative conditions (e.g., Kirova et al., 2015). Thus, a growing
body of research has focused on identifying effective strategies to promote cognitive control
during ageing, particularly through cognitive training programmes that involve repeated exer-
cises targeting specific cognitive control functions (see Wu & Rebok, 2020 for a review). However,
the efficacy of these programmes, particularly in achieving far-transfer effects, remains equivocal
(see Greenwood, 2020), possibly due to the lack of a robust theoretical framework grounded in
training mechanisms and cognitive ageing theories (see Turnbull et al., 2022 for a unified
framework for cognitive training during ageing).

One pathway to enhancing cognitive control is through language training, which represents a
critical juncture in the fields of applied linguistics (e.g., Antoniou et al., 2013; Li & Dong, 2020)
and cognitive enhancement (e.g., Kompa & Mueller, 2020). Language processing inherently
engages a wide array of cognitive control functions (e.g., Nozari et al., 2016; Roelofs & Piai, 2011),
and activates extensive brain regions, including a network of frontal, parietal and subcortical
brain structures (see Ye & Zhou, 2009 for an elaborate review) that overlap with areas affected by
ageing (e.g., the frontal lobe hypothesis, Reuter-Lorenz et al., 2021). The engagement of cognitive
control would be intensified in more complex language activities (e.g., interpreting) due to the
demanding nature of orchestrating multiple linguistic processes (see Garcia & Kogan, 2023). The
inherent coupling of language processing with cognitive control presents the potential for
leveraging language training, particularly those involving intensive and complex language
processing, as an effective pathway to promote cognitive health during ageing. Therefore,
drawing on insights from the cognitive benefits of language training, especially from the intensive
language training of interpreting, the present study leverages older adults’ preserved language
ability to develop an intensive language training programme that aimed at mitigating their
declining cognitive control and elucidating the complex interplay between language control and
cognitive control in the context of ageing.

1.1. Cognitive control in older adults

Cognitive control, also referred to as executive control or executive functioning (Diamond, 2013),
involves a set of cognitive functions that are widely recognised as the fundamental driving force
behind complex, goal-directed behaviour (e.g., Diamond, 2013; Miyake et al., 2000). Cognitive
ageing is characterised by a decline in cognitive control, a consensus supported by major theories
in the field (see Reuter-Lorenz et al., 2021 for a review). Beyond the accounts for a general decline
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in cognitive control, recent studies suggest that this general decline
is rooted in specific core deficits in cognitive control functions (e.g.,
Braver & West, 2008; Hasher & Zacks, 1988).

One of the most well-documented effects of ageing is observed
in working memory (WM), characterised by a diminished capacity
to maintain and manipulate information within the mental work-
space (Braver & West, 2008; Engle & Kane, 2004). Bopp and
Verhaeghen (2005) conducted a meta-analysis examining the
impact of ageing on WM, showing that ageing most significantly
affects complex span tasks, especially in the listening span task and
the computation span task. Age-related declines also manifest in
the updating function of WM, as demonstrated in tasks like the n-
back task (Bopp & Verhaeghen, 2020) and the digit backward task
(e.g., Idowu et al., 2024).

Ageing also leads to declines in interference control, marked by a
reduced ability to detect and monitor conflicts (e.g., Kerns et al.,
2004) and suppress irrelevant information (e.g., Hasher & Zacks,
1988), thereby resulting in greater susceptibility to distractions.
Despite the theoretical assumption that ageing impairs interfer-
ence control, several meta-analyses (e.g., Rey-Mermet & Gade,
2018; Verhaeghen, 2014) suggest that age-related declines in
interference control tasks are mainly due to general slowing in
processing speed rather than control-specific deficits. However,
more recent meta-analytic evidence (Maldonado et al., 2020;
Nicosia et al., 2021) challenges this view. Nicosia et al. (2021)
argue that traditional methods accounting for processing speed
may underestimate age-related control deficits (see also Nicosia
et al., 2022, for an elaborate methodological exploration). Using
multilevel modelling on the trial-level data of the Stroop task,
they found that older adults did face a decline in the ability to
control over prepotent interference. Similarly, Maldonado et al.
(2020) used exploratory factor analyses based on the Unity-
Diversity model to examine the effects of ageing on interference
control. Their meta-analysis identified a significant age-related
decline in the factor of interference control (Hedges’ g = 1.64),
indicating a significantly large effect of ageing on interference
control processes. These findings suggest that while general
slowing in processing speed does play a role, specific impair-
ments in interference control contribute to cognitive declines in
older adults, particularly in tasks requiring control over prepo-
tent interference (e.g., Stroop task).

Alongside WM and interference control, cognitive flexibility
also diminishes with age, leading to a decreased ability to switch
attention between tasks and adapt to new demands and rules
efficiently (see Kray & Ferdinand, 2014 for a review). This decline
is evident in task-switching paradigms (see Gajewski et al., 2018 for
a meta-analysis), where the mixing cost — defined as the perform-
ance difference between trials in single-task blocks and non-switch
trials in mixed blocks where participants alternate between tasks —
tends to increase most significantly with age. The switch cost, or the
performance difference between switch and non-switch trials
within mixed blocks, also increases with age but to a lesser extent.
Similar reductions in cognitive flexibility are noted in rule-based
switching assessed by the Wisconsin Card Sorting Test (WCST)
and its variants, particularly marked by fewer completed categories
and an increase in perseverative errors (see Rhodes, 2004 for a
meta-analysis).

Taken together, the above analyses strongly suggest that ageing
significantly impacts the cognitive control functions of WM, inter-
ference control and cognitive flexibility, making them target
domains for cognitive training among older adults (e.g., Karbach
& Verhaeghen, 2014).
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1.2. Effects of language training on cognitive control

Language experience, particularly bilingual experience, has been
assumed to confer benefits in cognitive control (e.g., Li & Dong,
2020; Bialystok & Craik, 2022). Many studies have demonstrated
the cognitive benefits of managing multiple languages, particularly
in domain-general cognitive control functions (see Bialystok &
Craik, 2022 for a review). Lifelong experience in bilingualism has
also been demonstrated to contribute to cognitive reserve, which
can help maintain cognitive functions in older adults and stave off
neurodegenerative conditions (see Bialystok, 2021 for an elabor-
ate discussion). However, in recent years, the issue of bilingual
advantage in cognitive control has become increasingly contro-
versial (see Laine & Lehtonen, 2018; Paap, 2022), as reflected in
the inconsistent findings from systematic reviews and meta-
analyses on this topic involving both younger (see Adesope
et al., 2010; Lehtonen et al., 2018) and older adults (see Degir-
menci et al., 2022; Ware et al., 2020). Such inconsistencies under-
score the complex and dynamic nature of bilingualism (e.g.,
Deluca et al., 2019), suggesting that these cognitive control bene-
fits may be confined to specific language experiences (e.g., Paap
et al,, 2015; Li & Dong, 2020).

To gain a deeper understanding of the cognitive control
demands associated with different language experiences, Green
and Abutalebi (2013) proposed the Adaptive Control Model.
This model delineates eight language control processes essential
for bilingual language control: goal maintenance, conflict moni-
toring, interference suppression, task engagement and disen-
gagement, selective response inhibition, salient cue detection
and opportunistic planning. These processes can be effectively
mapped onto domain-general cognitive control functions
(Diamond, 2013; Miyake et al., 2000): maintaining and updating
information (WM), suppressing competing representations
(interference control) and switching between tasks (cognitive
flexibility). The language control requirements for specific lan-
guage experiences vary depending on three interactional con-
texts: the single-language context (using only one language in one
environment), the dual-language context (using both languages
in one environment) and dense code-switching (mixing lan-
guages within a single utterance). Notably, the dual-language
context fosters the concurrent use of both languages in the same
context, thereby requiring more frequent language switching
(within a conversation but not an utterance, Green & Abutalebi,
2013:518). The dual-language context represents a complex lin-
guistic environment that may engage a broader range of language
control processes and places greater demands on these control
processes (especially for goal maintenance and interference con-
trol), potentially requiring more diverse cognitive control pheno-
types than single-language or dense code-switching contexts.

Echoing this perspective, Li and Dong (2020) further proposed
the ecosystem of language experience to account for how different
language learning and usage experiences may impact cognitive
control. In addition to the previously mentioned interactional
contexts, they suggested examining this ecosystem in terms of
the intensity of language experience and its role in shaping cog-
nitive control. Specifically, they highlighted that interpreting is a
uniquely challenging bilingual task, particularly in terms of cog-
nitive control, which goes beyond the bilingual interactional
contexts outlined by Green and Abutalebi (2013). Similarly, Bia-
lystok and Craik (2022) characterised the task of interpreting —
especially simultaneous interpreting (SI) — as an intensified form
of bilingualism (labelling those adept in it as super bilinguals) that
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necessitates the concurrent management of dual languages dur-
ing real-time processing and is particularly taxing on the cogni-
tive control system. Neurobiological findings further affirm the
convergence of intensive language and cognitive control within
interpreting. Hervais-Adelman and Babcock (2020) provided
substantial evidence showing that interpreting (particularly SI)
engages brain regions associated with speech perception, pro-
duction, language switching, self-monitoring and decision-
making. Integrating the above analyses, the language task of
interpreting seems to stand out as a particularly challenging
language activity that may serve as an effective training approach
to enhancing cognitive control.

The connection between interpreting and cognitive control
has recently been formulated in the Attention Control Model of
interpreting (Dong & Li, 2020), which delineated the cognitive
control challenges specific to interpreting tasks (i.e., interpreting
control). According to this model, interpreting control comprises
two principal components: language control and processing
control. These two control processes are presumed to support
interpreting tasks that require regular and frequent language
switching and multitasking under time pressure. Language con-
trol is to ensure that the source language does not interfere with
the target language during target language production, and this
control is underpinned by cognitive control functions of WM,
shifting (a simpler term for cognitive flexibility), task enhance-
ment and disengagement (related to interference control), moni-
toring (related to almost all cognitive control tasks). Processing
control is to ensure that the array of language tasks in interpreting
are well orchestrated, and this control is supported by the cog-
nitive control functions of coordination and WM. The Attention
Control Model establishes a direct link between the core func-
tions of cognitive control (i.e., WM, interference control, cogni-
tive flexibility) and interpreting control (i.e., language control
and processing control), corresponding precisely to the loci of
cognitive declines in older adults, which offers a process-based
theoretical framework guiding the development of an intensive
language training programme for older adults.

1.3. Interpreter advantages in cognitive control

The focus on interpreting has led to the hypothesis that this
specific language experience is especially potent in enhancing
cognitive control (Dong, 2023), i.e., an interpreter advantage (for
reviews, see Garcia et al., 2020). Such an advantage is evident in
core cognitive control functions, including WM (e.g., Ghiselli,
2022; Wen & Dong, 2019 for meta-analyses), interference control
(see Zhao et al., 2023 for a systematic review) and cognitive
flexibility (e.g., Dong, 2023, for a systematic review). It is note-
worthy that most of these studies are based on young adults at
their cognitive peak, an age group where bilingual cognitive
control advantages are often negligible (see Ware et al., 2020).
This offers promise for enhancements in cognitive control
through early-stage interpreting training for older adults, who
experience pronounced declines in cognitive control. While no
research has specifically leveraged interpreting as an intensive
language training to address cognitive ageing, empirical studies
focusing on the cognitive control benefits for young trainees,
particularly those at early stages of interpreting training, are
highly relevant to the present study. These studies could provide
valuable insights for identifying specific cognitive control chal-
lenges and potential training benefits for older adults through
interpreting training.
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For WM, previous research mainly focused on interpreter
advantages in WM updating and WM span, which has demon-
strated differential effects of an early-stage interpreting training on
these two WM functions (see Dong, 2023). With a minimal amount
of training (e.g., 32 academic hours plus 40 hours of after-class
practice), significant enhancements in WM updating, assessed by
the n-back task, have been observed among young trainees (mean
age =19.68, Dongetal., 2018; mean age = 19.81, Dong & Liu, 2016),
and yet no advantages were found in WM span tasks (i.e., listening
span and letter running span in Dong et al,, 2018). Additionally,
Macnamara and Conway (2014) identified similar patterns of
improvement in WM among a group of 21 bimodal SI young
trainees (mean age = 26.24). They observed that SI training signifi-
cantly enhanced performance on the digit backward task (more
related to the n-back task than to the complex span task; see Redick
& Lindsey, 2013 for a review). However, no improvements were
seen in WM span tasks (e.g., reading span and operation span).
Overall, these findings suggest that the early-stage interpreting
training is particularly effective in enhancing WM updating (e.g.,
n-back task, digit backward task), whereas more extensive training
is needed to achieve improvements in WM span (e.g., complex span
tasks).

Regarding interference control, there were only a handful of
studies focusing on the interference control advantage in young
interpreting trainees (see Zhao et al., 2024 for a review). Although
behavioural studies have not consistently demonstrated an inter-
preter advantage in interference control among young trainees,
often yielding null findings (e.g., Dong & Liu, 2016; Dong & Xie,
2014), two studies using event-related potential (ERP) consist-
ently found positive evidence (Dong & Zhong, 2017; Zhao et al,,
2023). Specifically, Dong and Zhong (2017) found that young
trainees (mean age = 23.4) with more interpreting experience
(more-IE group) demonstrated a significantly smaller flanker
effect (in RTs) compared with the less-IE group (mean age = 21.2),
a finding further supported by their ERP evidence. In addition,
Zhao et al. (2024) also provided both behaviour (in the overall
error rate) and ERP evidence for an interpreter advantage in
interference control among young trainees.

The regular and frequent language switching in interpreting has
also been associated with to benefits in cognitive flexibility, as
typically reflected in the assessments of the colour-shape switching
task and the WCST (see Dong, 2023 for a review). For the colour-
shape task, an advantage in switch cost is often observed at an early
stage of interpreting training, particularly in a univalent task (Dong
& Liu, 2016; Zhao & Dong, 2020). However, no study has yet
identified a mixing cost advantage in student trainees, and such
an advantage was only observed in professional interpreters in the
bivalent task (e.g., Babcock & Vallesi, 2017). As for the WCST,
previous studies have consistently identified superior performance
in young trainees on different indices of the WCST. Dong and Liu
(2016) found an interpreter advantage in the WCST index of
completed category compared with matched controls (see supple-
mentary materials in Dong & Liu, 2016). With more interpreting
training, Dong and Xie (2014) identified interpreter advantages on
more WCST indices (i.e., completed category, overall error, perse-
verative error and previous category perseverative error) in two
groups of young trainees (i.e., more-IE group: 128 hours’ training;
less-IE group: the triple of 128 hours’ interpreting training) and the
more-IE group in their study outperformed the less-IE group in the
index of completed category. Taken together, interpreting training
at its early stages primarily enhances trainees’ performance on the
WCST and the switch cost in the colour-shape task.
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To sum up, our review suggested that the early-stage interpret-
ing training could yield significant benefits in cognitive control,
with these improvements being task-specific and related to par-
ticular aspects of cognitive control. This pattern of benefits likely
reflected the specific cognitive control challenges (e.g., keeping pace
with the regular and frequent switching between languages, see
Dong, 2023) faced by trainees during the early-stage interpreting
training, and thus the cognitive control functions related to these
training foci were exercised and enhanced (e.g., WM updating, local
switching).

1.4. The present study

Building on the insights above, employing interpreting training
appears promising for alleviating age-related cognitive control
declines and thus for promoting cognitive health in older adults.
However, empirical investigations into the efficacy of such training
programmes are notably lacking. This absence may be due to the
advanced language proficiency required for between-language
interpreting, which is often impractical for older adults to achieve.
Therefore, to optimise training efficacy on cognitive control and
ensure its suitability for older adults, the present study is the first
effort to develop an innovative language control training pro-
gramme — Between-dialect Interpreting Training (BIT). While
interpreting between dialects is not equivalent to between-language
interpreting, the cognitive functions involved in switching between
dialects engage control mechanisms analogous to those used in
bilingual language control (e.g., Kirk et al., 2022). Furthermore,
lifelong bidialectalism has been associated with cognitive control
benefits in older adults (e.g., Hsu, 2021).

Using a pretest-intervention-posttest design, the primary
objective of the present study was to assess the efficacy of the BIT
programme in enhancing cognitive control among older adults,
focusing on three core functions: WM, interference control, and
cognitive flexibility. In addition, this study aimed to evaluate the
efficacy of the BIT programme in improving older adults” general
cognitive ability, an outcome widely regarded as critical for training
programmes targeting this population (see Greenwood, 2020).

Regarding WM, previous research suggests that early-stage
interpreting training may primarily benefit WM updating rather
than WM span. Dong (2023) proposed that early-stage interpreting
training may first enhance updating ability, as trainees must con-
tinuously update linguistic content to keep pace with the interpret-
ing task (especially the CI task; see also Dong et al., 2018). Based on
these findings, we predicted that the BIT programme would be
effective in improving older adults’ WM updating ability, whereas
its impact on WM span may be more limited, at least with 24 hours
of training. For interference control, although findings in the
literature are somewhat mixed, two studies utilising the more
sensitive ERP technique suggest that early-stage interpreting train-
ing may confer an advantage in interference control, especially in
the Stroop interference task. Thus, we predicted that the BIT
programme would be effective in improving older adults’ interfer-
ence control, with improvement potentially more pronounced in
the Stroop task. As regards cognitive flexibility, previous studies
have demonstrated that early-stage interpreting training effectively
enhances local switching ability (indexed by switch cost) but does
not significantly improve global monitoring (indexed by mixing
cost). We thus predicted that the BIT programme would be effective
in improving older adults’ local switching control, while its impact
on global monitoring control may be less pronounced. Regarding
the WCST, as all previous studies using this task have reported
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benefits in one or more WCST indices, we predicted that the BIT
programme would be effective in improving older adults’ perform-
ance in the WCST. And for general cognitive ability, although no
previous study has investigated the association between interpret-
ing training and general cognitive ability, research on cognitive
enhancement suggests that engaging in complex cognitive activities
may contribute to overall cognitive improvements in older adults
(e.g., Park & Bischof, 2013). Therefore, we predicted that the BIT
programme would also be effective in enhancing older adults’
general cognitive ability (measured by MoCA).

However, the majority of the above studies has focused on young
adults at their cognitive peak, which stands in stark contrast to the
older adults in this study, who are experiencing declines in cognitive
control. Consequently, the pattern of cognitive benefits derived
from an early-stage interpreting training could be influenced by
this age difference. Nevertheless, the specific effects of interpreting
training on cognitive control among older adults remain largely
unexplored, representing a significant gap that the present study
seeks to address.

2. Method
2.1. Participant

Participants in the present study were recruited through advertise-
ments facilitated by the community office. Those interested in our
programme registered at the community office and proceeded to
complete a screening session, which comprised two parts: (1) A
short version of the Language History Questionnaire (Li and Dong,
2020) to collect participants’ background information and their
language history involving both regional and standard dialects.
(2) Beijing version of Montreal Cognitive Assessment (MoCA,
Nasreddine et al., 2005), which was employed to evaluate partici-
pants’ general cognitive status. Inclusion criteria encompassed age
(65 < age < 85 years old), education level (i.e., year of education
26 years), absence of learning disabilities, no untreated severe
hearing or vision impairment (self-reported) and proficient (self-
reported) in both Hanzhou dialect and Mandarin Chinese. Fur-
thermore, participants were required to meet the criterion of being
free from severe cognitive impairment, determined by established
cutoff scores on MoCA specifically designed for older Chinese
adults. These scores took into account the participants’ years of
formal education, in accordance with the criteria based on Chinese
elderly (Mellor et al., 2016).

Following screening, 72 participants were initially assigned to
the BIT or control group (36 each) using Excel-based randomisa-
tion. Given the intensive nature of the training programme —
comprising 24 formal sessions plus additional practice over a
2-month period — participants were fully informed of its demands,
and voluntary participation was emphasised. As a result, two
participants in the BIT group withdrew prior to training. Aligning
with prior intervention protocols (e.g., Meltzer et al., 2023), these
participants were replaced by two volunteers with comparable
demographic and cognitive profiles to maintain group sizes.
During the intervention, participants who completed less
than 50% of the sessions or exhibited abnormal performance
patterns were excluded from further analyses. Specifically, five
participants in the BIT group withdrew due to their tight schedule
in giving care to their ill spouses, difficulty following the training,
or physical injury in their daily-life. In the control group, one
participant was excluded due to severe emotional distress and
a substantial decline in posttest performance. Accordingly,
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Table 1. Pretest group means (with SD) and comparisons of participants’ background characteristics and participants’ performance on each task index

Index Control (n = 35) BIT (n=31) t-value p-value Skms
Background characteristics
Age 70.667 (2.828) 71.263 (3.089) 0.489 .703 0.065
Gender (F/M) 20/15 17/14 - - -
Education 9.167 (1.355) 10 (1.713) 1.304 181 0.174
AOA of D2 7.024 (1.426) 7.316 (0.873) 0.609 623 0.078
Self-rated proficiency in D1 5.571 (0.443) 5.526 (0.473) 0.249 .834 0.033
Self-rated proficiency in D2 4.667 (0.309) 4.474 (0.096) 1.529 141 0.201
Self-rated frequency of D1 use 5.476 (0.477) 5.342 (0.473) 0.687 496 0.013
Self-rated frequency of D2 use 3.076(0.500) 3.284 (0.459) 1.058 297 0.089
Working memory
Listening span score (max = 50) 19.762 (7.644) 23.789 (10.122) 1.087 284 0.145
Digit backward score (max = 11) 4.476 (0.832) 5.316 (1.283) 1.876 .070 0.252
Interference control
Stroop effect (RT) 140.563 (69.546) 193.155 (80.215) 1.701 111 0.225
Stroop global RT 933.438 (147.775) 965.026 (131.272) 0.552 .584 0.072
Flanker effect (RT) 47.716 (19.495) 38.632 (18.387) 1.169 250 0.153
Flanker global RT 553.896 (70.427) 566.079 (60.040) 0.442 661 0.058
Cognitive flexibility
Colour-shape switch cost (RT) 147.245 (42.855) 166.033 (45.533) 1.033 308 0.136
Colour-shape mixing cost (RT) 108.587 (39.229) 108.267 (54.761) 0.016 987 0.002
WCST: global ACC .630 (0.124) .599 (0.082) 0.697 491 0.095
WCST: global RT 2640.687 (596.977) 2703.108 (512.568) 0.271 .788 0.004
WCST: Completed C 5.238 (1.517) 5.473 (1.235) 0.416 .680 0.054
WCST: Pers ER 14.571 (6.567) 17.158 (6.052) 0.768 447 0.102
WCST: PC Pers ER 5.190 (3.212) 6.263 (3.564) 0.696 491 0.131
General cognitive ability
MoCA Score (max = 30) 25.190 (1.568) 24.211 (1.275) 1.677 .101 0.218

Notes: RT = reaction time; ACC = accuracy; C = category; Pers = perseverative; ER =error; PC = previous category; AOA = age of acquisition; D1/D2 = participants’ 1st /2nd dialect; Proficiency of D1
and D2 = self-rated using a 6-point Likert Scale, with six referring to highly proficient; Frequency of use in D1 and D2: Self-rated using a 6-point Likert Scale, with six referring to highly frequent; A
robust logistic regression analysis comparing gender proportions showed no significant between-group difference (p =.851); dxms: effect size for group differences, with the magnitude of dyms
being defined as small when 0.1 < yms < 0.25, medium when 0.25 < Jyms < 0.4, and large when dyms = 0.4.

66 participants (31 in the BIT group and 35 in the control group)
were included in the final analyses. Table 1 presents their back-
ground characteristics and task performance, and Figure 1 details
the recruitment, assignment, and attrition process.

2.2. Design of the Between-dialect Interpreting Training (BIT)
programme

Drawing on findings from the literature, particularly the Atten-
tional Control Model in Interpreting as our process-based the-
oretical framework (Dong & Li, 2020), the present study aimed to
leverage the language training of interpreting as a pathway to
promote cognitive health among older adults. According to the
Attention Control Model, the task of interpreting exhibits two
key features distinct from other language experiences: frequent
and regular switching and multitasking under time pressure.
These features necessitate proficient language and processing
control, underpinned by core cognitive control functions. While
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professional-level interpreting requires specialised training,
engaging in basic linguistic tasks inherent to interpreting (e.g.,
comprehending the source language, reformulating content
across languages and producing speech in the target language)
can serve as effective cognitive control training (e.g., Garcia &
Kogan, 2023).

To ensure feasibility of the training programme for older adults,
the present study anchored interpreting tasks in participants’ two
dialects and incorporated culturally relevant materials from Hang-
zhou Storytelling, presented via video episodes to sustain engage-
ment and motivation. First, the training programme was based on
participants’ two dialects (i.e., from Hangzhou Dialect into Man-
darin Chinese), enabling our older participants to perform the
cognitively demanding interpreting task and potentially enhancing
training efficacy on cognitive control due to their proficiency in
both dialects (see Celik et al., 2022, for the importance of profi-
ciency in inducing cross-linguistic interference). Secondly, our
training programme integrated materials from the local folk art
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Criteria for Participant Inclusion

* Demographic criteria: Age (65 < age < 85 years
old); Education (years of education > 6 years)

¢ Language background: Bidialectal speakers of
Hangzhou dialect (D1) and Mandarin Chinese (D2)

e Health and cognitive status: No learning
disabilities and severe hearing or vision issues; No
severe cognitive impairment and neurobiological
diseases.

Assessed for Eligibility
(n=78)

Refused prior to group assignment (n =4 )
_| Excluded for not meeting inclusion criteria
| Below 65 years old (n= 1);

Color blind (n=1);

The BIT Group

Between-dialect Interpreting Training (BIT) Group
(n=36)

¢ Refused prior to baseline assessment (n =
2), supplemented by two participants with
similar characteristics;

e Withdrawal during training due to heavy
care-giving duties (n = 2), accidental

(n=72)

The Control Group

Group Assignment

injuries (n = 2), and difficulty to perform
the training task (n=1)
The Control Group

+ Emotional distress at posttest (n= 1)

(n=36)
'

Between-dialect Interpreting Training (BIT) group
(n=31)

Statistical analyses for training effects:
A final sample of 66 older adults (BIT: 31;
Control: 35) entered statistical analysis for the

training effects via the robust two-way mixed

(n =66)

The Control Group
(n=35)

Statistical Analyses

ANOVA, with Group (BIT vs. Control) as the
between-subject variable, and Phase as the
within-subject variable.

Figure 1. Process of participant recruitment, group assignment and participant attrition.

of Hangzhou Storytelling. Cultural stories from Hangzhou were
specifically selected and presented to participants as video episodes
performed by a Hangzhou Storytelling artist. According to findings
from the pilot study, participants reported that they found the
stories interesting and meaningful. Engagement with these stories
helped maintain their motivation and focus on the training tasks,
potentially leading to enhanced efficacy and sustained benefits over
time (e.g., Wu & Rebok, 2020). Furthermore, video storytelling
engaged multiple sensory stimuli (e.g., visual and auditory), foster-
ing a rich and immersive training experience that has been sug-
gested to be more suitable and effective for older adults (e.g.,
Turnbull et al., 2022).

To ensure the efficacy of the training programme, the present
study specifically designed its tasks by progressively increasing task
demands (moving from shadowing to SI and CI across training
sessions) and by gradually introducing more complex materials
(transitioning from short folk tales to longer, more complex stories
from week to week, see Figure 1 for details). Participants first
completed a shadowing task (in Hangzhou dialect), during which
they repeated what they were listening to. What is unique is that the
story did not stop until the end, and that participants had to keep
pace with the story, which requires comprehension and speed. In
the subsequent SI session, participants were required to “shadow”
the same speech in the other dialect, which (apart from compre-
hension and speed) requires switching from Hangzhou dialect to
Mandarin Chinese. Notably, this between-dialect SI task primarily
involves phonological reformulation, with minimal demands on
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semantic and grammatical restructuring (see Wu et al., 2016; Wu
et al., 2023), resulting in a reduced task demand compared with
interlingual SI tasks. In the third session of CI, participants were
required to transmit the speech segment by segment from Hang-
zhou dialect to Mandarin Chinese, which (apart from comprehen-
sion, speed and switching) imposes challenging demands on
memory, particularly WM (see Dong et al., 2018). In addition, to
better accommodate older adults’ processing abilities, the training
materials were carefully selected and organised by length and
complexity on a weekly basis. The programme began with shorter
and simpler folk tales (e.g., “Cong Bao Hui'er” in Week 1, a story
about a famous snack, approximately 4 minutes) and progressed to
more complex stories (e.g., “The Origin of Xiangji Temple” in Week
8, approximately 9 minutes). This approach was adopted to avoid
impairing learning, which can occur if tasks are either too simple
or too challenging for participants (Seitz, 2018), and to ensure
an appropriate level of challenge (e.g., Lovdén et al., 2010), allowing
older participants to continuously benefit from the training
programme.

With the above considerations, we designed the innovative
language training programme, the BIT specifically tailored for older
adults. The BIT programme comprises three types of exercises:
(1) shadowing in the Hangzhou dialect as a preparatory exercise
to familiarize participants with the content; (2) SI from the Hang-
zhou dialect into Mandarin Chinese and (3) consecutive interpret-
ing CI from the Hangzhou dialect into Mandarin Chinese. The BIT
programme consists of three 1-hour sessions per week for 8 weeks.
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Material:
Hanzhou Storytelling

Week 1 story
Cong Bao Hui'er (snack in Hangzhou)

[

Week 2 story
Fish-selling Bridge. 7

Week 3 story
The Temple of the Immortal Zhang

Between-dialectal Interpreting Trainingl

Session Structure
(8 weeks * 3 sessions weekly * 1 hour)

| Session 1: Shadowing in Hanzhou dialect \
Watch video episode of storytelling in D1 and meanwhile
shadow or repeat it along with the speaker. J

e " imtetorence Gonrol
Week 4 story :> J :> | Color-word Stroop task |
Medicine Box Stone et e \ L _A"_' "l“f'“_“l'i"'_'“_s“_ _ ;)

| Session 2: Sl from Hangzhou dialectinto ' | | o
Week 5 story Mandarin Chinese | | Cognitive Flexibility |
The Origin of the Liuhe Pagoda. | Watch video episode of storytelling in D1 and meanwhile | ; Color-shape switching task I
Week 6 story Ol e N

King Qian Shoots the Tide ﬂ J :> Secondary Outcomes
Week7stoy |  |,—W—"m™W7"F""7"——————— 2
The Story of Su ;’::oxiao |/ Session 3: Cl from Hangzhou dialect into \ ! G\:"’“' COinltlve A.h““Y |
Mandarin Chinese | Montreal Cognitive Assessment |
Week 8 story | Watch video episode of storytelling in D1, and then recall and | | (MoCA) )

The Origin of Xiangji Temple \ reformulate the content intoD2. [ | 77T

Target Outcomes

Primary Outcomes
: Working Memory L
Listening span task |
Digits backward task |
/

Interference Control

Figure 2. Material, training structure and target outcomes of the BIT programme.

This training structure adheres to principles recommended for
effective cognitive control training (see Diamond & Ling, 2020
for a systematic review): spaced practice (shorter training sessions
distributed over time) produces better long-term outcomes than
massed practice (longer sessions condensed into a short period) and
a minimum training dosage of ten sessions, each lasting at least
30 minutes, is required to achieve robust training efficacy. Figure 2
illustrates the materials, training structure and target outcomes of
the BIT programme.

2.3. Assessment

The present study employed a battery of tasks programmed in
E-Prime 3.0.1 to evaluate participants’ three core cognitive con-
trol functions: WM, interference control, and cognitive flexibil-
ity. Given the complex nature of each function, we deliberately
included two well-established tasks per domain to capture the
nuanced effects of BIT training. These tasks are widely used
in interpreting research and are known to decline with aging
(as discussed in the Introduction). Additionally, participants
completed the paper-and-pencil version of the MoCA to evaluate
their general cognitive ability.

2.3.1. Working memory

For WM, the listening span task was employed to assess WM span
(or capacity), while the digit backward span task was used to
measure WM updating (e.g., [dowu et al., 2024).

The listening span task was used to assess WM span, following
established paradigms used in previous studies (Unsworth et al.,
2005; Dong & Cai, 2015). During the test, participants engage in a
storage-plus-processing task. They first listen to a sentence and
determine whether it is meaningful (i.e., the listening compre-
hension task), following which they hear a single digit and are
required to retain it in memory (i.e., the digit recall task). Spe-
cifically, two trials (i.e., lists) were presented at each memory load
level, ranging from 3 to 7 sentence-digit pairs, resulting in a total
of 10 trials and a maximum possible score of 50. WM perform-
ance was measured by the total number of correctly recalled digits

https://doi.org/10.1017/51366728925100527 Published online by Cambridge University Press

in serial order, with a maximum score of 50. To be included in the
analysis, participants needed to achieve an accuracy level of 60%'
on the listening comprehension task.

For WM updating, the digit backward task was applied (see
WAIS; Wechsler, 2008) to assess WM updating. In this task,
participants encountered digit trials ranging from 2 to 11 digits in
length and were required to recall and reproduce these sequences in
reverse order. At each length, two trials were presented. If both were
recalled correctly, the task progressed to the next length; if only one
was correct, the same length was repeated with new digit list. The
task terminated when both trials at a given length were failed or
when both trials at the maximum span (11 digits) were successfully
completed. The digit backward score, defined as the longest length
recalled, served as the measure of WM updating. The digit back-
ward score, defined as the longest successfully recalled sequence,
was used as the measure of WM updating (maximum score = 11).
We chose the digit backward task over the n-back task, which is
frequently used in interpreting studies (see Dong, 2023 for a review)
due to pilot findings indicating the unsuitability of the n-back task
for our older participants. Nevertheless, these two tasks were found
to assess similar WM processes (see Redick & Lindsey, 2013 for a
meta-analysis), and both are frequently used to assess updating,
particularly among older adults (see Idowu et al., 2024 for a
systematic review).

2.3.2. Interference control
For interference control, the colour-word Stroop task and the arrow
Flanker task were selected to assess control over prepotent and
distractor interference, respectively (e.g., Zhao et al., 2023).

The colour-word Stroop task is a classic measure of interference
control, assessing the ability to suppress prepotent responses

"The present study did not follow the traditional 85% accuracy level, as such
an accuracy level was questioned for excluding low-WM performers (Richmond
& Burnett, 2022). Therefore, an accuracy level of 60% was selected, which, as
suggested by previous studies, ensure performance above guessing probability
with 95% confidence (Richmond & Burnett, 2022), and did not change the
psychometric properties of the task (Pokic¢ et al., 2018).
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(MacLeod, 1991). Participants must identify the ink colour of the
colour word while ignoring its meaning. This task consists of two
trial types: congruent trial (with ink colour and word matched) and
incongruent (ink colour and word mismatched). Each trial followed
a fixed sequence: a fixation asterisk (500 ms), a blank screen
(300 ms), a stimulus display (3000 ms) and a 100 ms beep for
incorrect responses, followed by a 500 ms blank screen. The con-
gruent and incongruent trial types were presented in equal propor-
tions (1:1) across two blocks, totalling 96 trials (48 congruent,
48 incongruent). Key indices include the Stroop effect, reflecting
the difference in RTs between congruent and incongruent trials,
and the Stroop global RT (i.e., the overall mean RTs across all
congruent and incongruent trials) as a measure of conflict moni-
toring in the Stroop task.

The arrow Flanker task is a classic measure to assess the ability to
resist distractors (see Dong & Zhong, 2017; Zhao et al., 2024). The
task involves stimuli featuring five white arrows horizontally pre-
sented at the screen centre against a dark grey backdrop. Partici-
pants are instructed to discern whether the central target arrow
points left (“<”) or right (“>”) while disregarding non-target arrows
pointing in the same or different directions as the central target
(e.g., <<<<<, <<> < <). Each trial followed a fixed sequence: a
fixation asterisk (350 ms), a blank screen (150 ms), a stimulus
display (4000 ms) and a 100 ms beep for incorrect responses,
followed by an 850 ms blank screen. Congruent and incongruent
trials were presented in equal proportions (1:1) across two blocks,
totalling 96 trials (48 congruent, 48 incongruent). Key indices
include the Flanker effect, indicating the difference in RT's between
congruent and incongruent trials and the Flanker global RT
(i.e., the overall mean RTs across all congruent and incongruent
trials) as a measure of conflict monitoring in the Flanker task.

2.3.3. Cognitive flexibility

For cognitive flexibility, the colour-shape switching task was used
to measure cue/task-based switching, whereas the Wisconsin
Card Sorting Test (WCST) assessed rule-based switching (e.g.,
Dong, 2023).

The univalent colour-shape switching task was adopted from
the task used by Dong and Liu (2016). There were four types of
stimuli in the univalent colour-shape task: two coloured patches
(red/green) for colour judgments and two empty shapes (circle/
triangle) for shape judgments, with the solid or dotted line serving
as the cue for colour or shape judgement. Participants completed
single-task blocks (judging one cue throughout) and mixed-task
blocks (judging based on cues given with each stimulus). Each trial
followed a fixed sequence: a fixation asterisk (350 ms), a blank
screen (150 ms), a stimulus display (4000 ms), and a 100 ms beep
for incorrect responses, followed by an 850 ms blank screen. The
task included four single-task blocks (72 total trials) and two mixed-
task blocks (96 total trials: 48 congruent, 48 incongruent), with
switch and non-switch trials presented equally (1:1). We assessed
two key indices: switch cost, indicating local/transient control,
measured by differences in mean RTs between switch and non-
switch trials in mixed blocks; and mixing cost, indicating global/
sustained control, measured by differences in mean RTs between
non-switch trials in mixed-task blocks and trials in single-task
blocks.

The WCST was adopted from Dong and Xie (2014). The
64-item WCST version (half of the deck) was used to reduce time
and difficulty for older participants based on our pilot study and
previous recommendations (Purdon & Waldie, 2001). To min-
imise the confounding factor of pretest practice on the posttest,
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participants were explicitly told in the test instructions that there
would be altogether three possible categorising rules (by shape,
colour, or number). The WCST started with 12 practice trials,
followed by 64 formal trials. For each trial, participants were
required to categorize each popped-up response card (e.g., four
green squares) into one of the four stimulus cards on the screen
according to their shared feature in one of the three dimensions
(shape, colour, and number). They were given a “correct” or
“wrong” feedback for each response. The underlying categorising
rule would change after a few trials (from 5 to 8 trials). At the
beginning of each trial, a “+” fixation was presented for 1000 ms,
after which the stimulus appeared and lasted until the participants
made a response by pressing one of the four designated keys on the
Chronos response box representing one of the four stimulus cards.
Feedback on the accuracy of each response lasted for 500 ms,
followed by the next trial until participants finished sorting all of
the 64 response cards. Major WCST indices include the number of
categories completed, three types of errors (i.e., overall error,
perseverative error, previous category perseverative error) and
global RTs.

2.3.4. General cognitive ability

The Beijing version of the MoCA was administered to evaluate
general cognitive ability, following the procedure outlined by Nas-
reddine et al. (2005). Each participant was assigned a trained
assessor who administered the MoCA in a paper-and-pencil for-
mat. This assessment consisted of various tasks evaluating cognitive
domains, including visuospatial/executive functions, naming,
memory, attention, language, abstraction and orientation, with a
total score of 30 points. The trained assessor who administered the
MoCA reviewed the participants’ responses and assigned points
based on the scoring criteria outlined in the MoCA manual.

2.4. Procedures

The present study employed a pretest-intervention-posttest longi-
tudinal design to evaluate the efficacy of the BIT programme. At the
pretest, participants provided informed consent and completed
assessments across three sessions (around 60 minutes each). In
session one, participants completed an adapted version of the LHQ
for older adults and MoCA to collect their background information
and general cognitive ability. During session two, participants
completed three cognitive control tasks: colour-shape switching
task, digit backward task and colour-word Stroop task. And in
session three, participants completed another three cognitive con-
trol tasks: the listening span task, arrow Flanker task and the WCST.
After the pretest, the BIT group then completed an 8-week, 24-hour
training intervention (three 1-hour sessions per week) incorporat-
ing shadowing, SI, and CI exercises. Following the intervention,
both BIT and control groups completed a posttest identical to the
pretest.

3. Results
3.1. Data trimming

Data trimming followed standard procedures as documented in the
literature. For tasks measuring RTs, data cleaning involved exclud-
ing the initial two trials per block, removing erroneous or missing
responses and eliminating outliers with RTs below 200 ms or
exceeding 3 SDs from the mean RTs in each participant. The total
number of eliminated outliers amounted to less than 5% in each
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group, task and phase. Supplementary Material One (S1) presents
details of the data trimming.

3.2. Statistical analyses

Statistical analyses were performed using R (version 4.3.2). Due to
the problem of non-normal distribution and heteroscedasticity in
our data, we applied robust statistical methods for all data analyses
using the WRS2 package (Mair & Wilcox, 2020; Wilcox, 2023).
Consistent with recommendations in robust statistical approach
(e.g., Wilcox, 2017, p. 180), a default 20% trimming level was set
throughout the analyses, and the statistical trimming procedures
were automatically conducted through the statistical functions in
the WRS2 package. This trimming level strikes a balance between
ensuring sufficient statistical power for analysis (as opposed to
mean, which risks low statistical power under non-normality)
and mitigating the impact of extreme trimming (as opposed to
50% trimming in the median, which may discard a significant
portion of data to achieve better power). This approach has been
shown to perform well under non-normal conditions and with
small sample sizes (e.g., Wilcox, 2022; Wilcox & Keselman, 2001).

To ensure group comparability, we applied Yuen-Welch method
with a p <1 threshold for group matching. With matched groups, we
used a robust two-way mixed ANOVA focusing on the interaction
between Group (BIT versus control) and Phase (pretest versus
posttest). To further investigate specific group differences in
improvements, we conducted pairwise comparisons of Phase when
significant or marginal interaction effects were observed (p < .1). For
unmatched groups (p < .1), we conducted a robust analysis of
covariance (ANCOVA) using pretest scores as covariates and
employing trimmed means without parametric assumptions on
regression line forms (e.g., Read et al, 2013). Design points were

automatically selected, representing specific scores (i.e., pretest
scores) where non-parametric regression lines could be compared
(see Mair & Wilcox, 2020 for details). Effect sizes were calculated
using the Kulinskaya et al. (2008) method (Jjms). The magnitudes
of Jims Were categorised as small (0.1 < Jyys < 0.25), medium
(025 < Jns < 0.4) and large (dims = 0.4). Additionally, we have
applied a Bonferroni correction to adjust significance levels for
interaction effects within tasks assessing similar cognitive constructs
and the significance level for pairwise comparisons when significant
or marginally significant interaction effects occur. These additional
analyses reached the same conclusion as obtained without the Bon-
ferroni correction, and we have thus put it in Supplementary Material
Two (S2) for the sake of better readability.

3.3. Group matching in the pretest

Before conducting the main analyses, we performed tests to assess
whether the two groups were comparable in participants’ back-
ground characteristics and baseline performances on all task indi-
ces. The results of these comparisons are summarised in Table 1.
Specifically, no significant differences were found in participants’
background characteristics (ps > .1), nor did participant groups
significantly differ on most task indices (ps > .1), with the exception
of a marginal difference observed in the digit backward task
(p = .07), which led us to use the robust ANCOVA to control for
the baseline difference on this specific index.

3.4. Training efficacy of the BIT programme

To clearly illustrate performance changes in descriptive data across
test phases, Table 2 provides participants’ performance in each task
index at both pretest and posttest. As outlined in Statistical Analyses,

Table 2. Group means (with SD) for participants’ performances in each task index at pretest and posttest

Control (n = 35)

BIT (n =31)

Index Pretest

Posttest Pretest Posttest

Working memory

Listening span score (max = 50)

19.762 (7.644)

18.809 (9.597)

23.789 (10.122)

29.737(6.855)

Digit backward score (max = 11)

4.476 (0.832)

4.524 (1.222)

5.316 (1.283)

5.684 (1.230)

Interference control

Stroop effect (RT)

140.563 (69.546)

142.645 (68.044)

193.155 (80.215)

129.352 (38.743)

Stroop global RT

933.438 (147.775)

894.480 (139.143)

965.026 (131.272)

851.153 (83.864)

Flanker effect (RT)

47.716 (19.495)

35.657 (19.980)

38.632 (18.387)

36.769 (13.642)

Flanker global RT

553.896 (70.427)

536.415 (48.975)

566.079 (60.040)

534.820 (42.923)

Cognitive flexibility

Colour-shape switch cost (RT)

147.245 (42.855)

151.856 (44.835)

166.033 (45.533)

123.747 (43.226)

Colour-shape mixing cost (RT)

108.587 (39.229)

97.961 (30.608)

108.267 (54.761)

139.239 (43.193)

WCST: global ACC

.629 (0.130)

.686 (0.075)

.599 (0.082)

699 (0.722)

WCST: global RT

2640.687 (596.977)

2130.235 (258.523)

2703.108 (512.568)

2148.746 (393.668)

WCST: Completed C 5.238 (1.517) 5.667 (0.901) 5.473 (1.235) 5.947 (0.912)
WCST: Pers ER 14.571 (6.567) 10.905 (4.531) 17.158 (6.052) 9.842 (4.501)
WCST: PC Pers ER 5.190 (3.212) 2.857 (2.008) 6.263 (3.564) 1.842 (1.921)

General cognitive ability

MoCA Score (max = 30)

25.190 (1.568)

24.429 (2.356)

24.211 (1.275)

25.000 (1.250)

Notes: RT = reaction time; ACC = accuracy; C = category; Pers = perseverative; ER = error; PC = previous category.
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Table 3. Summary of results for Group x Phase analyses for each task indices

Hao Wen and Yanping Dong

Group Phase Interaction effect
F p F p F p

Working memory

Listening span score (max = 50) 5.453 .025 2.606 114 4.972 .031
Interference control

Stroop effect (RT) 0.778 .383 4.056 .051 4.622 .038

Stroop global RT 0.014 907 24.033 <.001 4.625 .021

Flanker effect (RT) 0.383 .539 3.708 .062 1.989 167

Flanker global RT 0.065 .800 4.661 .037 0.373 .545
Cognitive flexibility

Colour-shape switch cost (RT) 0.089 767 4.157 .048 6.441 .015

Colour-shape mixing cost (RT) 1.911 176 1.100 .301 4,599 .038

WCST: global ACC 0.087 170 1191 .001 0.929 342

WCST: global RT 0.061 .807 31.843 <.001 0.054 817

WCST: Completed C 0.476 494 2.277 139 0.006 .940

WCST: Pers ER 174 679 17.337 <.001 1914 174

WCST: PC Pers ER .001 976 28.951 <.001 2.766 104
General cognitive ability

MoCA Score (max = 30) 0.001 .710 0.141 973 3.587 .068
Pairwise comparisons between test phases

Control (n = 35) BIT (n =31)

Listening span score

Mgis = —0.952, p = 671, Sims = 0.035

Mgif = 5.947, p = .013, Syms = 0.221

Stroop: Stroop effect

Mgis = 2.081, p= 923, (Skms =0.010

Mgif = —63.805, p = .009, dyms = 0.325

Stroop: Stroop global RT

Maie = —38.959, p = .080, Skms = 0.087

Meit = —113.873, p < .001, Syms = 0.332

Colour-shape: switch cost (RT)

Mg = 4.611, p = 717, Sms = 0.034

Mgis = —42.285, p = .006, Syms = 0.306

Colour-shape: mixing cost (RT)

Mg = —10.627, p = 403, s = 0.097

Mgif = 30. 972, p = .052, Syms = 0.202

MoCA score

Mgif = —0.762, p = .303, s = 0.122

Mgir = 0.789, p = .057, Jyms = 0.201

Notes: RT = reaction time; ACC = accuracy; C = category; Pers = perseverative; ER = error; PC = previous category; dyms = effect size for group differences, with the magnitude of dys being defined as
small when 0.1 < Jms < 0.25, medium when 0.25 < dxms < 0.4, and large when dyms = 0.4; My;¢ refers to the difference in trimmed mean from pretest to posttest assessment (i.e., posttest — pretest).

we applied the robust two-way mixed ANOVA to assess the training
efficacy of the BIT programme on indices matched at baseline. For
significant or marginal interaction effects (p < .1), we further con-
ducted pairwise comparisons between test phases. Table 3 summar-
izes these results. For the digit backward score, given a marginal
baseline difference (p = .07), the robust ANCOVA was used to
analyse the training effect.

3.4.1. Working memory
Results of the listening span score showed significant interaction
effect between Group and Phase (p = .031, dy,s = 0.256), alongside a
significant main effect of Group (p = .025, Jjps = 0.174). No main
effect of Phase was observed. A pairwise comparison between test
phases showed significant improvement in the listening span score
with the BIT group (Mgis=5.947, Y, =2.747, p = .013, Oy = 0.221),
and such an improvement was absent in the control group
(Mgis = —0.952, Y, = 0.430, p = .671, Siums = 0.035).

For the digit backward task, robust ANCOVA was employed to
examine the training effect. The analysis automatically selected design
points representing baseline digit backward scores (see Wilcox, 2023,
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p- 775 for detailed guidelines), at which posttest scores were compared
(Wilcox, 1997). In our study, four design points corresponding to
baseline scores of 3, 4, 5 and 6 were chosen, each meeting the minimum
requirement of at least 12 samples per group at posttest (Wilcox, 1995).
Figure 3 shows the ANCOVA fit for both the BIT and control groups,
with the BIT group generally performing better in the posttest. Robust
ANCOVA results indicated significantly better posttest performance
for the BIT group at baseline score 3 (Mg (training — contro) = 1.086,
p = 002, dins = 0.661), and marginal improvements at the baseline
scores of 4 (Mgif (training — control) = 0.83, p = .065, Jiems = 0.251) and
6 (Maif (training — control) = 0.778, p = .073, Oy = 0.319). No difference
was found at baseline score 5 (Myif (training — control) = 0.056, p = .891,
Okms = 0.021). These results suggest that the BIT programme posi-
tively affects digit backward score, especially for participants who had
low baseline scores (e.g., 3).

3.4.2. Interference control

For the Stroop task, our results demonstrated significant inter-
action effects in both Stroop global RT (p = .021, Jys = 0.245)
and Stroop effect (p = .038, Jyms = 0.335). There was a significant
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Figure 3. Robust ANCOVA fit on backward digit span score at baseline (on the x-axis) against posttest score (on the y-axis). Two regression lines represent the BIT group (solid line,

plus®) and the control group (dash line, asterisk*) after smoothing.

main effect of Phase in Stroop global RT (p <.001, s = 0.332) and
a marginal main effect of Phase in Stroop effect (p = .051,
Okms = 0.325), with no main effect of Group in either index. Pairwise
comparison of the Stroop effect indicated significant improvement
in the BIT group (Mgir = —63.805, Y, = —2.908 p = .009, Oypms =
0.325), with no change in the control group (Mg;r=2.081, Y;=0.097,
P =.923, Oms = 0.010). For Stroop global RT, the BIT group showed
significant improvements (Mg = —113.873, Y, = —4.971, p < .001,
Okms = 0.332), while the control group only showed a marginal
improvement (Mg;r= —38.959, Y, = —1.842 p = .080, Jj1ps = —0.087).

For the Flanker task, no significant interaction effect was
observed neither in the Flanker effect nor in the Flanker global
RTs. There was a significant main effect of Phase was observed in
global RT (p = .037, Ogms = 0.184), and a marginal main effect of
Phase in Flanker effect (p = .062, dyns = 0.037). No significant main
effect of Group was observed.

3.4.3. Cognitive flexibility

For the colour-shape task, we found a significant interaction effect
in switch cost (p = .015, dxms = -339). In addition, our results also
identified a significant main effect of Phase in switch cost (p =.048,
Okms = 0.305), and no main effect of Group was observed. Pairwise
comparison of switch cost indicated significant improvement in the
BIT group (Mgir = —42.285, Y; = —3.115, p = .006, Jypms = 0.306),
and no significant change in the control group (Mg = 4.611,
Y, = 0.368, p = .717, Sms = 0.034).

Regarding the mixing cost, we found a significant interaction
effect (p = .038, dyms = 0.299), with no main effects of Phase or
Group observed. However, contrary to our expectation, pairwise
comparisons revealed that the BIT group exhibited a marginally
worse performance on the index of mixing cost at posttest
(Mgt = 30. 972, Y, = 2.081, p = .052, Sims = 0.202), while no
significant difference was observed in the control group
(Mgir=—10.627, Y, = 0.854, p = 403, Oyms = 0.097). The increased
mixing cost in the BIT group, calculated by subtracting the mean
RTs in single blocks from the mean RTs in non-switch trials of
mixed blocks, prompted further analyses for these two indices.
Given that the Non-switch RT and Single RT are well-matched at
baseline (Single RT: p = .745; Non-switch RT: p = .792), we
examined participants’ performance at posttest on these two
indices. Specifically, a significant group difference in Single RT
(p = .048) was noted at posttest, while no group difference was
observed in Non-switch RT (p = .845). In addition, a significant
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reduction in single RT from pretest to posttest was found in the
BIT group (p <.001), but not in the control group (p =.151). These
results together suggest that the increased mixing cost in the BIT
group is likely due to the reduced single RT, which reflects the
improved general processing speed through training.

For the WCST, no significant interaction effect was observed in
all indices of the WCST. However, we identified significant main
effects of Phase in global accuracy (p =.001, dy,s = 0.416), global RT
(p <.001, Oyms = 0.384), perseverative error (p < .001, Sy = 0.415)
and previous category perseverative error (p < .001, dyps = 0.496).
There were no significant main effects of Group in any WCST
indices.

3.4.4. General cognitive ability

For general cognitive ability, we observed a marginal interaction
effect in MoCA score (p = .068, s = 0.323), while no main effect
of Phase nor Group were observed. The pairwise comparisons
further revealed a marginal improvement in the BIT group
(Mair=0.789,Y,=2.030, p =.057, s = 0.201), while no significant
change was observed in the control group (Mgr = —0.762,
Y, = —1.057, p = 303, Sigms = 0.122).

4. Discussion

The present study is the first effort to employ interpreting training
to promote cognitive health among older adults. To achieve feasibil-
ity and efficacy, we built a 24-hour BIT programme. With a pretest-
intervention-posttest design for the BIT and control groups of older
adults (age range: 65-81), the present study identified significant
cognitive control improvements in favour of the BIT group. Specif-
ically, the BIT group demonstrated significant improvement in WM
span (indicated by an enhanced listening span score) and marginal
improvement in WM updating (indicated by an enhanced digit
backward score). Significant improvements were also found in inter-
ference control (evidenced by reduced Stroop effect and faster Stroop
global RT) and in cognitive flexibility (reflected in reduced colour-
shape switch cost). Additionally, a marginal improvement in general
cognitive ability (indexed by MoCA) was observed.

4.1. Effects of the BIT on working memory

The BIT group exhibited notable improvements in WM span, as
evidenced by increased listening span score, while only marginal
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improvement was observed for WM updating (indexed by digit
backward task). Such a pattern, though generally supporting BIT’s
efficacy on WM, diverges slightly from our initial predictions
(based on previous research involving younger trainees) that early-
stage interpreting training would primarily enhance WM updating,
with more limited effects on WM span. Most relevant to our study,
Dong et al. (2018) found that early-stage interpreting training (with
slightly more training than our study) did not significantly
improved young trainee’s listening span, although listening span
did marginally predict CI performance. In addition, the training
efficacy of the BIT programme on WM updating seems less robust
compared with previous longitudinal studies in young trainees,
which reported significant enhancements using the digit backward
task (Macnamara & Conway, 2014) and the n-back task (Dong
et al., 2018; Dong & Liu, 2016).

The differences in training efficacy between the present study
and previous research could potentially be attributed to age-related
cognitive differences, which may lead to varying cognitive chal-
lenges and thus different training foci. Specifically, previous
research targeted young trainees at their cognitive peak, whereas
our study involved older adults experiencing cognitive ageing. As
mentioned in the Introduction, WM is one of the most well-
documented domains of age-related decline, with complex span
tasks being particularly susceptible to ageing effects (see Bopp &
Verhaeghen, 2005, for a meta-analysis). Given the demanding
nature of memorising and orchestrating multiple language pro-
cesses during interpreting (e.g., Dong, 2023), it is possible that our
older participants were especially challenged by the storage-plus-
processing aspect of WM in the interpreting task and therefore
prioritised overcoming these challenges to perform the training
successfully. This may have led to an enhancement of their WM
span. As for the marginal gains in WM updating, this could be
partly explained by the adaptations made to the BIT programme for
older adults. Unlike formal interpreting training for young trainees,
which empbhasises rapid information processing and time pressure
(Dong, 2023), the BIT programme was designed to be more access-
ible for older adults, potentially reducing the emphasis on speeded
updating processes. Consequently, it is possible that our older
participants were not sufficiently challenged in this aspect of
WM, leading to only marginal improvement. These age-related
differences in WM challenges and in training foci during early
stages of interpreting training might suggest a tentative shift in
training benefits — from WM updating in younger trainees to WM
span in older adults. However, this tentative shift has not yet been
explicitly explored in previous research, and more empirical studies
are needed to verify it.

4.2. Effects of the BIT on interference control

Consistent with our predictions regarding interference control, the
present study has identified significant improvements in the Stroop
task (i.e., Stroop effect and global RTs) only in the BIT group,
demonstrating the efficacy of the BIT in enhancing conflict moni-
toring and the control of prepotent interferences. The observed
benefit in conflict monitoring, indicated by smaller Stroop global
RT, aligns with previous studies showing advantages for young
trainees (see Zhao et al., 2023). Based on older adults, the present
study extended the benefits of interpreting training to enhanced
control of prepotent interference as indicated by Stroop effect, an
advantage typically not observed in young trainees (see Zhao et al.,
2023). Older adults face significant challenges in managing inter-
ference (Hasher & Zacks, 1988), thus making interpreting exercises
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that require frequent and regular language switching especially
demanding for them. As analysed in Introduction, previous ERP
studies attributed the lack of an interpreter advantage in interfer-
ence control on behavioural measures to interpreters’ superior
adaptation to high-interference environments (Zhao et al., 2024),
and their ability to resolve conflicts earlier in the cognitive process
before overt responses (Dong & Zhong, 2017). And thus, for older
adults who encounter significant challenges in managing interfer-
ence (e.g., Hasher & Zacks, 1988) and experience general cognitive
slowdown (Salthouse, 1991), the training effects may become more
pronounced at later stages along the time course of conflict reso-
lution, thus manifesting in behavioural measures such as the
observed improvement in Stroop effect in RTs.

In contrast to the Stroop task, the present study did not identify
any notable improvement in the Flanker task, neither in the Flanker
effect nor in global RT. Such a contrast is likely due to different
control demands in the two interference tasks, with the Stroop task
being more challenging and susceptible to ageing than the Flanker
task. The role of task demand has been illustrated in Xie and Dong
(2017), where the intensive training of L2 public speaking produced
significant interference control advantage (compared with L1 pub-
lic speaking) in the more demanding task of Number Stroop, but
not in the Flanker task. According to Bialystok and Craik (2022), a
task that imposes more effortful demands (exceeding the control
abilities of the participants, as in the Stroop task) is more likely to
reveal differences between language groups compared to tasks that
place relatively few demands on cognitive control (as in the Flanker
task). These findings emphasise the importance of accounting for
each task’s unique characteristics and the cognitive demands they
impose when evaluating cognitive performance in older adults.

4.3. Effects of the BIT on cognitive flexibility

For the colour-shape task, the current study observed a significant
improvement of switch cost only in the BIT group, illustrating the
efficacy of the BIT programme in enhancing local switching ability.
As for mixing cost, although the current study observed a margin-
ally increased mixing cost in BIT group (indicating a decline in
global monitoring), our further analyses suggested that the
increased mixing cost in the BIT group primarily reflects improved
processing speed in single trials, rather than worsened global moni-
toring in non-switch trials. These findings confirmed our predic-
tion that early-stage interpreting training is effective in enhancing
local switching ability (indexed by switch cost) but not in global
monitoring (indexed by mixing cost). These results also align with
prior research, which has shown similar benefits on the colour-
shape task during the early stages of interpreter training (Dong &
Liu, 2016; Zhao & Dong, 2020). Integrating findings on inter-
preter advantages in cognitive flexibility, Dong (2023) hypothe-
sised a developmental transition of cognitive flexibility from local
switching control (i.e., reduced switch cost) at initial training
stages (e.g., 24 hours of class training in the present study; 32 hours
in Dong & Liu, 2016) to global monitoring control (i.e., reduced
mixing cost) at more advanced training stages (e.g., professional
levels, Babcock & Vallesi, 2017). During the initial stages of
training, interpreting trainees may need to focus on overcoming
challenges in alternating between listening and speaking in dif-
ferent languages, thereby first developing better local switching
control. With more extensive training, improvements in global
monitoring control (i.e., reduced mixing cost) might occur as inter-
preters become more adept at managing the interpreting task and
have sufficient cognitive resources for global and sustained control.
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For the WCST, although we expected significant gains of the BIT
training, our results suggested no significant interaction effects in
any of the WCST indices. As mentioned in Introduction, with
slightly more training time than the present study, Dong and Liu
(2016) identified an interpreter advantage specifically in the com-
pleted category. Dong and Xie (2014) also noted differences
between more and less interpreting experience sub-groups only
in this index. This suggests the index of completed categories is
sensitive to early cognitive flexibility gains from interpreting train-
ing. However, the present study used the 64-item WCST version,
shorter than the 128-item version used in the other studies, result-
ing in fewer categories needing sorting. This may potentially affect
its sensitivity to capture improvements in the index of completed
category, which has been further evidenced by a non-significant
main effect of Phase (p = .139) on this index, suggesting no practice
effect or training effect. In contrast, the BIT group displayed
significant main effects of Phase in several other indices (see
Table 3), which demonstrated a tendency towards greater gains
in the posttest, as illustrated in Table 2. Despite the concern about
practice effects in the WCST, the present study did hint at possible
differential benefits for the BIT group (notably in global accuracy
and perseverative error), with the prospect that significant inter-
action effects in these indices of WCST could manifest with add-
itional training beyond the initial amount provided in our study
(i.e., 24 hours’ training).

4.4. Effects of the BIT on general cognitive ability

Lastly, our prediction regarding the efficacy of BIT on general
cognitive ability was partially supported by the marginal improve-
ment observed in MoCA. This may be due, in part, to the fact that
the BIT programme was adapted for older adults with reduced
processing demands (see Method for details), and, in part, to the
paper-and-pencil format of MoCA, which may be less sensitive to
detecting subtle training effects (compared with speeded measures,
see Meltzer et al,, 2023). Although modest, this finding suggested
that sustained engagement in intensive language training can pro-
mote general cognitive benefits in older adults. Nevertheless, the
marginal nature of the improvement in the present study calls for
cautious interpretation, and further studies are needed to validate
this finding.

4.5. Limitations and future directions

Despite the care the present study has taken in designing the BIT
programme and implementing the intervention, several methodo-
logical issues need to be addressed, which could be directions for
future studies.

First, the present study did not systematically monitor partici-
pants’ performance progression in the trained task. Since the BIT
programme primarily targets cognitive control in older adults, the
training programme has been structured based on task demands
(progressing from shadowing to SI and then to CI with increasing
cognitive control demands, see Dong, 2023 for detailed descriptions
of the cognitive demands of these tasks, and see Method for the
unique demands of these tasks in the present study) and material
complexity (from simpler folk tales to more complex narratives) to
impose continuous cognitive challenges for our older participants.
While this approach effectively improved cognitive control in our
older participants, it made tracking performance progression less
feasible and less critical to the current study. Nevertheless, directly
assessing performance gains in the trained task would strengthen
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causal claims. Thus, future research with continuous assessments of
the BIT task itself may further validate the efficacy of the BIT
observed in the present study.

Second, the present study utilised a passive control group. While
recent research advocates for active control conditions to mitigate
placebo effects (e.g., Guye & Von Bastian, 2017; Nguyen et al.,
2019), designing an appropriate active control for complex, multi-
domain interventions like BIT are challenging. In addition, findings
remain mixed on whether active controls yield significant differ-
ence with passive controls, with several recent studies yielding no
meaningful difference between active and passive control (see Au
et al., 2020 for a meta-analysis and a comprehensive review of this
issue). Nevertheless, it is essential to systematically control for
factors (e.g., placebo effects, motivation, and social interaction)
that may confound interpretations of training efficacy. Doing so
would strengthen the causal claims concerning the effects of BIT on
targeted outcomes. Future research with well-balanced control
designs is therefore expected to minimise potential interference
and make causal claims with more confidence.

5. Conclusion

To sum up, the present study designed a BIT programme for older
adults, and provided the first piece of evidence for how between-dialect
interpreting may mitigate cognitive ageing. This BIT programme has
demonstrated success in yielding domain-general cognitive benefits,
extending beyond interpreting-specific skills to domain-general cog-
nitive control functions, thereby enhancing general cognitive ability.
These findings underscore the value of intensive language training as a
pathway to promote cognitive health in older adults.
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