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Abstract: Given the heavy cognitive load inherent in language interpreting, interpreters may
develop cognitive advantages from managing frequent switching of linguistic codes and working
modes. Based on a systematic review of executive functions of inhibiting, shifting and working
memory (WM) updating by Nour et al. (2020) and meta-analysis of working memory by Wen and
Dong (2019) and Mellinger and Hanson (2019), this research follows the PICOS framework and the
PRISMA guideline to synthesize findings from 98 tasks of 29 original studies from International and
Chinese databases with a cut-off date of 1* October, 2020. Substantial evidence for an interpreter
advantage in shifting was found, but not for inhibition or updating. The meta-analysis showed 1) a
moderate to high effect in shifting (g = 0.68, seven WCST effects; g = -0.32, eight switching cost
effects); 2) no effect in inhibiting (g = 0.13, six Stroop effects); 3) mixed effects in WM updating.
Subgroup analysis on WM updating revealed significant training effects from within-group
comparisons (g = 0.58, five 2-back effects; g = 0.71, two L2 listening span effects), but insignificant
difference from between-group comparisons (g = -0.03 , five 2-back effects; g = 0.18, five L2
listening span effects ). More reproducible behavioral research with scientific and consistent designs
is needed for a clearer understanding of the relationship between interpreting experience and EFs.
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1. Introduction

Interpreting is a concurrent process that involves listening and comprehension of speech
segments in the source language (SL), attention and retention of the incoming segments and (re)
production of equivalents in the target language (TL) with little time tag (Gerver, 1975; Liu et al.,
2004). Therefore, interpreting is effortful (Christoffels et al., 2006; Babcock and Vallesi, 2017)
and filled with “problem triggers”, such as those caused by dense information, strong accent, thick
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terminology and asymmetrical SL-TL structures (Gile, 2009: 161-178). It relies on systematic
training of interpreting strategies (Li, 2013; Dong et al., 2019) and use of interpreting technologies
to reduce cognitive saturation (Gile, 2008; 2011; Fantinuoli, 2018). Given the high cognitive
load from frequent switching of codes and modes (Pochhacker, 2016; Chen, 2017; Stachowiak-
Szymczak, 2019), interpreters may face more competitions for their cognitive resources than general
bilinguals or non-bilinguals, giving rise to an advantage in cognitive control (Garcia, 2014).

Executive functions (also EFs; cognitive control, executive control) cover a set of mental
capacities to formulate goals, execute plans and monitor performances (Lezak, 1982). These
functions include inhibiting irrelevant information, storing and updating information in distraction
status, or working memory, switching between mental sets, as well as self-initiation, strategy
application, multitasking, planning and monitoring (Gilbert and Burgess, 2008; Diamon, 2013;
Friedman and Miyake, 2017;). In addition, executive functioning is effortful and trainable (Diamond,
2013: 154).

Working Memory (WM) is a closely related concept. While EFs are top-down goal-oriented
mental capacities to coordinate behavior by keeping information active while restraining
interferences (Baddeley, 1996; 2012; Kane and Engle, 2002; Friedman and Miyake, 2017), WM is
a limited-capacity system supporting cognitive processes by simultaneously storing and processing
information (Kane and Engle, 2002; Conway et al., 2005; Baddeley, 2012; Stachowiak-Szymczak,
2019). The central executive in Baddeley’s multi-component model of working memory (Baddeley,
1996) supervises, manages and coordinates slave systems, rather than simply maintains information
(Baddeley, 2012), which work similarly to EFs. Nevertheless, most cognitive psychologists consider
WM (updating) to be one of the EFs (e.g., Miyake et al., 2000; Diamond, 2013; Dong et al., 2018;
Lehtonen et al., 2018).

From perception to articulation and from rendition to correction, language interpreting is a
complex operation that triggers the activation, manipulation and inhibition of mental representations
(Stachowiak-Szymczak, 2019). Memory systems are needed to store (Long-term memory, LTM;
Short-term memory, STM) and process (WM) these mental representations (P6chhacker, 2016: 113—
117). Given the high cognitive load (Seeber, 2011), researchers posit that interpreters may develop
transferable advantages on behavioral tasks (e.g. Garcia, 2014; Rosiers et al., 2019).

However, such transferable advantages in executive functions have not been consistently
reported over the years. For instance, while the interpreter advantage in inhibition was not found
in most studies (e.g. Yudes et al., 2011; Dong and Xie, 2014; Dong and Liu, 2016; Aparicio et al.,
2017; Babcock and Vallesi, 2017; Van der Linden et al., 2018), others revealed some interpreter
superiority, at least for some interpreter groups and tasks (e.g. Kdpke and Nespoulous, 2006;
Timarova et al., 2014; Woumans et al., 2015; Henrard and Van Daele, 2017). This is also the case
for shifting, with supporting evidence from some researchers (e.g. Yudes et al., 2011; Macnamara
and Conway, 2014; Dong and Liu, 2016; Liu and Dong, 2017) and mixed evidence from others (e.g.
Babcock and Vallesi, 2017; Zhao and Dong, 2020). While the interpreter advantage in updating was
revealed in multiple studies (e.g. Timarova et al., 2014; Morales et al., 2015; Dong and Liu, 2016;
Dong et al., 2018), others had null findings (e.g. Liu and Dong, 2017; Van der Linden et al., 2018;
Rosiers et al., 2019; Liu and Dong, 2020).

Nour et al. (2020) adopted the unity and diversity model of executive functions proposed in
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Miyake et al. (2000) for a systematic review of seventeen studies of the interpreter advantage before
December 1, 2016. The framework included shifting or switching between tasks, and mental sets
(henceforth “Shifting”), updating and monitoring of working memory representations (“Updating”)
and inhibition of prepotent responses (“Inhibition”). (Diamond, 2013; Gilbert and Burgess, 2008;
Miyake et al., 2000). Nour et al. (2020) found evidence for the interpreter advantage in shifting
and updating, but not in inhibition. In the mean times, the meta-analysis by Wen and Dong (2019,
cut-off before Oct.30, 2018) and Mellinger and Hanson (2019, cut-off before Dec. 2016) revealed
significant effects for the interpreter advantage in STM and WM.

Given that prior findings are far from consistent on the presumed interpreter advantage in EFs,
important patterns and moderators may be revealed in the systematic review and meta-analysis.
Therefore, this research aims to synthesize existing evidence on the impact of interpreting training
and/or experience on EFs, expanding on the systematic review by Nour et al. (2020) and the meta-
analysis by Wen and Dong (2019) and Mellinger and Hanson (2019).

2. Methods

2.1. PICOS and PRISMA

This study assumes an interpreter advantage in executive functions due to interpreting training
or experience by replicating the only published and latest systematic review by Nour et al. and
meta-analysis in working memory by Wen and Dong, and conducting research under the “unity
and diversity” model of executive functions by Miyake et al. The research is set within the PICOS
(Participants, Intervention, Controls, Outcome and Study Design) framework (Higgins and Green,
2008; Liberati et al., 2009), with the Participants being (more advanced) interpreters, Intervention
being interpreting training or experience, Controls being non- (or less advanced) interpreters,
Outcome being an interpreter advantage, and Study Design being cross-sectional or longitudinal.

This systematic and meta-analytic review follows the Preferred Reporting Items for Systematic
reviews and Meta-Analysis (PRISMA). Specifically, this systematic and meta-analytic review aims
to answer the following three questions:

(1) Do interpreters exhibit EF advantages over non-interpreters or professional interpreters over
novice interpreters? This question will be answered by reviewing cross-sectional correlational or
between-group comparisons;

(2) Do interpreters enhance EFs with interpreting training? This question will be answered by
reviewing longitudinal studies;

(3) Do interpreters exhibit EF advantages on specific tasks? This question will be answered by
meta-analysis of five replicable tasks.

2.2. Search strategy

To be as inclusive as possible, both published peer-reviewed studies and unpublished data in
grey literature are hand searched in domestic and foreign electronic database (Google Scholar,
ResearchGate, ScienceDirect, CNKI, Wanfang Data and Baidu Scholar) with subject heading and
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key words, i.e., “interpret (er) (ing) experience (training)”, “interpreter advantage”, “(working)
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memory”, “executive function (s) (ing)”, “cognitive control”. These keywords are combined using
Boolean operators, mainly AND because the operator AND narrows the scopes of search with all
concepts searched together (Atkinson and Cipriani, 2018). Besides, the present study also scans
bibliographies or references, and conducts backward and forward searches (Card, 2012: 42-52).

2.3. Inclusion criteria
The present systematic review specifies eligibility criteria as follows:
(1) Data Information: Study included must be empirical with statistical analysis.

(2) Study Design: Published and unpublished original articles, including doctoral and master
dissertations, both cross-sectional or longitudinal designs.

(3) Sample Characteristics: At least one group of professional interpreters or interpreter trainees
should be compared with controls, and at least one EF task be contained; Language of the study
should be either English or Chinese; Study included must take interpreting training or experience as
the intervention.

(4) Task Inclusion: An EF task by its nature rather than its label.

(5) Definitions of Constructs of Interest: EF components and interpreting should be clearly
defined in the included study.

2.4. Extraction criteria

Those excluded are: 1) duplicates; 2) theoretical research, reviews or articles that are unable
to trace full-text; 3) not mentioning the moderating factor, i.e. interpreting training or experience;
4) studies with EF tasks unable to be classified under Miyake et al.’s model or simple span tasks
tapping only short-term memory capacity.

2.5. Data collection process

First, studies are collected based on the classification of cross-sectional and longitudinal designs.
There are three cross-sectional comparisons: 1) interpreters vs non-interpreters (e.g. balanced or
unbalanced bilinguals, monolinguals, multilinguals and translators); 2) professional interpreters
vs novices; and 3) advanced trainees vs beginners. In addition, there are also cross-sectional
correlational studies where the relationship of interpreting experience and EFs are investigated
within the group. Longitudinal studies compare interpreter trainees’ performance at the start and end
of training.

Second the present study classifies data on tasks for Updating, Shifting or Inhibition based on
the “unity and diversity” model of Miyake et al. (2000). Each task is categorized as verbal, number,
letter or (visual-) spatial (Dong and Zhong, 2019). Tasks measuring each EF are collected and
presented in Table 1.

2.6. Data analysis

The systematic review was conducted through synthesizing the T, F, or P values as well as group
means, standard deviation (SD), standard error (SE), effect size, eta-squared (1°) and other statistical
measures in the original articles, be it longitudinal or cross-sectional comparative or correlational.
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The meta-analysis was performed in the Review Manager software (RevMan 5.4). RevMan was
also used to assess bias and check heterogeneity in systematic review.

Hedges’ g was computed as a standardized mean difference (SMD) (Higgins and Green, 2008;
Borenstein et al., 2011; Card, 2012). With g = 0.20 representing a small effect, g = 0.50 representing
a medium effect, and g = 0.80 representing a large effect (Card, 2012). Chi-squared ()’, or Chi’),
tau-squared (Tau’, or 7°) and I’ were the statistical indicators for heterogeneity. The larger the I” is,
the more considerable heterogeneity is detected, ranging from 0% to 100% (Higgins and Green,
2008). In continuous variables, Z represents p-value results. The results of bias risk are presented as
risk of bias graphs, and the results of meta-analyses as forest plots.

Search features:

- Electronic databases (Google Scholar,
- ScienceDirect, Fesearch Gate, CNEL
:Fiu Wanfang Data. Baidu Scholar; kevwords: ]
= ] - ) s Duplicates excluded
g inteprefing  experience,  intarpreter - o
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- Citation search based on references,
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(n=73035)
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text(see, for example, Rosiers and
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(=1 Vermeiren, 2016);
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et al., 2006; Daro and Fabbro, 1994).
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Figure 1. PRISMA flow diagram of selecting studies.
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Table 1. EF tasks under the “unity and diversity” framework

EFs EF Tasks Task Types Study ID.
Spatial Dong and Xie, 2014
Flanker
Spatial Van der Linden et al., 2018
Advanced flanker Spatial Van der Linden et al., 2018
Arrow flanker Spatial Timarova et al., 2014
Spatial De Smedt, 2016
) Non-verbal; Spatial Van der Linden et al., 2018
Simon
Non-verbal; Spatial Woumans et al., 2015
Non-verbal; Spatial Yudes et al., 2011
Spatial Babcock et al., 2017
Spatial Babcock and Vallesi, 2017
ANT -
Spatial De Smedt, 2016
Inhibition
Spatial Woumans et al., 2015
ANTI-V Spatial Morales et al., 2015
Number Dong and Liu, 2016
Number Stroop Number Liu and Dong, 2017
Number Zou, 2016
Verbal Babcock and Vallesi, 2017
Color-word Stroop Verbal Kopke and Nespoulous, 2006
Verbal Tian, 2016
Spatial Henrard and Van Daele, 2017
Antisaccade task - -
Spatial Timarova et al., 2014
Brown-Peterson Non-verbal Henrard and Van Daele, 2017
Non-verbal; Spatial Babcock et al., 2017
Task-switching Non-verbal; Spatial Babcock and Vallesi, 2017
Non-verbal Zou, 2016
Number/letter Timarova et al., 2014
Number-letter task Number/letter Macnamara and Conway, 2014
Number/letter Macnamara and Conway, 2015
Spatial De Smedt, 2016
Shifting  Color-shape switch task  Spatial Dong and Liu, 2016
Spatial Liu, 2018
Spatial Dong and Xie, 2014
Spatial Liu and Dong, 2017
Spatial Macnamara and Conway, 2014
WCST -
Spatial Liu, 2018
Spatial Macnamara et al., 2011
Non-verbal; Spatial Wei, 2017
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Table 1 (continued)

EFs EF Tasks Task Types Study ID.
Non-verbal; Spatial Macnamara and Conway, 2015
Non-verbal; Spatial Yudes et al., 2011
Plus-minus Non-verbal Henrard and Van Daele, 2017
Semantic fluency Verbal Woumans et al., 2015
Verbal Liu and Dong, 2020
Verbal Attanak et al., 2019
Verbal Chmiel, 2018
Complex span (listening span) Verbal Dong et al., 2018
Verbal Liu et al., 2004
Verbal Stavrakaki et al., 2012
Verbal Tian, 2016
) Verbal Chmiel, 2018
Complex span (reading span) Verbal Zou 2016
Spatial Babcock et al., 2017
Spatial Babcock and Vallesi, 2017
Complex span (the automated Spatial Macnamara and Conway, 2014
operation, reading and automated
symmetry span) Non-verbal Macnamara et al., 2011
Non-verbal Stead and Tripier, 2016
Non-verbal Macnamara and Conway, 2015
Updating szssrzsslfo:lvith articulatory Verbal Injoque-Ricle et al., 2015
N-back Spatial Van der Linden et al., 2018
Spatial Timarova et al., 2014
Single and dual n-back Spatial Morales et al., 2015
Spatial Liu and Dong, 2020
Spatial De Smedt, 2016
Visuo-spatial 2-back Spatial Dong and Liu, 2016
Spatial Dong et al., 2018
Spatial Dong and Liu, 2017
Dual n-back Spatial Attanak et al., 2019
Spatial Stead and Tripier, 2016
Letter-memory Letter Henrard and Van Daele, 2017
Number Zou, 2016
Free call with suppression Verbal Kopke and Nespoulous, 2006
Category/rhyme probe Verbal Kopke and Nespoulous, 2006
Cued recall Verbal Signorelli et al., 2012
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3. Results of the systematic review

3.1. Data extraction

A total of 305 studies was included based on relevance with the present systematic review, of
which 215 was sourced from Google Scholar, 75 from Baidu Scholar and 15 from ScienceDirect.
Then, 22 duplicates were removed. After initial screening of the abstracts and full texts, those not
meeting the inclusion criteria were excluded, leaving 47 full texts for in-depth comprehensive
reading. In the end, a total of 28 studies were included in the abovementioned snowballing
procedure, which were conducted and completed in May-August 2020, covering the years from
1980 to 2020. Then, a second round of literature search was conducted with a cut-off date of
October 1, 2020. One additional study by Liu and Dong in 2020 was added to the literature,
bringing the total number of reviewed studies to 29 (see Figure 1).

3.2. Research design of reviewed studies

Among these 29 studies, 10 was longitudinal, 17 cross-sectional and 2 correlational. In addition,
8 additional post-test comparisons from longitudinal studies were extracted between the interpreter
group and the controls, as presented in Table 2.

Table 2. Research designs of included studies

Number of time points Group characteristics Study number

Between-group comparisons containing one group of interpreters 19

Between-group comparisons containing more than one interpreter

One: Cross-sectional design 6
groups
Correlational analysis 2
Two or more: Longitudinal design 10

3.3. Included EF tasks

Among these 29 studies, a total of 2, 034 subjects participated in 129 reported tasks, from which
only 75 were included for analysis under the “unity and diversity” model (Miyake et al., 2000).
Tasks were counted more than once when between-group comparison results were provided in
longitudinal studies, bringing the total number of tasks to 87, as presented in Table 3.

Table 3. Included tasks taxing different EF components

Executive Functions Tasks Included Frequency of Use

Response-Distractor ANT; ANTI-V; Antisaccade; Brown-Peterson; Flanker; Simon; Stroop 26

Color-shape switch; Number-letter; Plus-minus; Task-switching (in
switching cost); WCST

Category and rhyme probe task; Complex-span (listening span;
Updating automated operation, symmetry, or reading span; free call; cued recall); 48
letter-memory; number switch; N-back

Shifting 24
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3.4. Results of the included studies

The present study used an effect below 0.05 in p value or above 0.5 in Cohen’s d value as the
“advantage” criteria for interpreters over bilinguals, multilinguals, translators or monolinguals,
or for interpreters with more experience or training compared to those with less or no training or
experience. The authors’ analysis and conclusion were also checked to confirm the results.

3.5. Response-distractor inhibition

Cross-sectional or correlational studies investigating interpreters’ possible inhibitory advantage
were conducted on 21 tasks. Among them, five tasks (24%) exhibited the interpreter advantage,
while fourteen tasks (76%) didn’t.

Among the five longitudinal tasks included, three (60%) didn’t reveal an advantage from
interpreting training and experience, while the other two (40%) indicated minimal training effects.
Specifically, De Smedt (2016) hinted a minimal improvement on the Simon incongruent trials
and significant enhancement on the ANT incongruent trials. Detailed information of the included
inhibition tasks is presented in Table 4. The histogram in Figure 2 is a visualized presentation of
the included results.

Table 4. Results of the included inhibition tasks

Article Research design Reason Task(s) Results
Babcock and Vallesi, 2017 Cros. 1 group I. exper%ence Stroop ns.
Cros. 1 group L. experience ANT ns.
Longitudinal IT. training ANT ns.
B k et al., 201 - —
abeock et al., 7 Cros. Design 1 group IT.  training ANT ns.
Longitudinal IT. training Simon TE
D t, 2016 - —
¢ Smedt, Longitudinal IT. training ANT TE
. Longitudinal IT. traini t .
Dong and Liu, 2016 ongi udma raining Stroop ns
Cros. Design 1 group IT.  training Stroop ns.
. Cros. 1 group IT. training Flanker ns.
Dong and Xie, 2014 Cros. >1 group IT. training Flanker ns.
. Longitudinal IT. training Stroop ns.
Dong and Liu, 2017 Cros. Design 1 group IT.  training Stroop ns.
- - n
Henrard and Van Daele, 2017 Cros. 1 group 1. exper%ence Antisaccade I
Cros. 1 group I. experience Brown-Peterson I+
Cros. >1 L. i St .
Kopke and Nespoulous, 2006 ros. 7~ 8T0UP SXPETET v o
Cros. >1 group I. experience Stroop ns.
Morales et al., 2015 Cros. 1 group L. experience ANTI-V ns.
Tian, 2016 Cros. 1 group I. experience Stroop ns.
Cros. 1 group | experience Flanker 1S
Van der Linden et al., 2018 -1 group L. p Simon ns.
Cros. 1 group L. experience Advanced flanker ns.
Cros. 1 group IT. training Simon I+
t al., 2015 —
Woumans et al., 20 Cros. 1 group IT. training ANT I+
Yudes et al., 2011 Cros. 1 group L. experience Simon ns.
. . . Flanker I+
Timarova et al., 2014 Corre. 1 group L. experience Antisaccade s,

Note: Cros. = Cross-sectional study. Cros. Design = Cross-sectional design in longitudinal study. 1 group I.= There is merely one group of
interpreters included in a certain task. >1 group L/IT. = There are more than one group of interpreters or interpreter trainees. 1 group IT. = There is
only one group of interpreter trainees included in a task. TE = Training effect due to minimal improvement, but no significant difference is reached
(usually in the longitudinal study). I+ = interpreter advantage. ns. = no significant difference or correlation.
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Response-Distractor Inhibition

50%

0% S 0%

ETE mT+ ®Ens.

Figure 2. Results of inhibition advantages among interpreters.

Note: Q1: Do interpreters exhibit inhibitory advantages over non-interpreters? Q2: Do interpreters enhance inhibition with more training or

accumulated experience?

3.6. Shifting

In the 18 cross-sectional studies on the shifting function, four (22%) reported no significant
advantage for interpreters over non-interpreters or significant correlation between interpreting
training or experience and shifting response. Two (11%) found only minimal advantages. However,
twelve (67%) discovered significant advantages. Among the six longitudinal studies included, all
(100%) found supporting evidence for the training or practice effect. See Table 5 for the detailed
results of the shifting tasks included. See a more visual presentation in the bar chart of Figure 3.

Table S. Results of the included shifting tasks

Article Research design Reason Task (s) Results
Babcock and Vallesi, 2017 Cros. 1 group 1. Experience Task-switching ns.

Longitudinal IT. training Task-switching TE+
Babcock et al., 2017

Cros. Design 1 group IT. training Task-switching ns.
De Smedt, 2016 Longitudinal IT. training Color-shape switch TE

Longitudinal IT. training Color-shape switch TE+
Dong and Liu, 2016

Cros. Design 1 group IT. training Color-shape switch I+

Cros. 1 group IT. training WCST I+
Dong and Xie, 2014

Cros. >1 group IT. training WCST MI

Longitudinal IT. training WCST TE+
Dong and Liu, 2017

Cros. Design 1 group IT. training WCST I+

Cros. 1 group L. experience Plus-minus ns.
Henrard and Van Daele, 2017

Cros. 1 group I. experience Plus-minus I+
Macnamara and Conway, Cros. >1 group IT. training Task-switching I+
2014 Cros. >1 group IT. training WCST I+
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Table S (continued)

Article Research design Reason Task (s) Results
Cros. 1 group IT. training WCST I+
Liu, 2020
Cros. 1 group IT. training Color-shape switch I+
Macnamara et al., 2011 Cros. >1 group I. experience WCST MI
Timarova et al., 2014 Corre. 1 group I. experience Number-letter ns.
Cros. 1 group IT. training WCST I+
Wei, 2017
Cros. > 1 group IT. training WCST I+
Macnamara and Conway, Longitudinal IT. training WCST TE+
2015 Longitudinal IT. training Task-switching TE+
Woumans et al., 2015 Cros. 1 group IT. training Semantic verbal fluency I+
Yudes et al., 2011 Cros. 1 group L. experience WCST I+
Shifting
120%
100%
80%
60%
40%
20?'0 0 Famar 0 0/
“ [22% 0% 0%
(0% ! .
Ql Q2

ETE ml+ mns.

Figure 3. Results of shifting advantages among interpreters.

Note: Q1: Do interpreters exhibit shifting advantages over non-interpreters? Q2: Do interpreters enhance shifting with more training or accumulated

experience?

3.7. Updating

On the 34 cross-sectional tasks, 23 (68%) revealed no significant group difference in updating
between interpreters and controls or between experts and novices, while 11 (32%) did. On the 14
longitudinal tasks, seven studies (50%) didn’t report a significant training effect, while six tasks
(43%) did, with one more study (7%) revealing minimal improvement. See Table 6 for the detailed
results of the shifting tasks included. See a more visual presentation in the bar chart of Figure 4.

Table 6. Results of the included updating tasks

Article Research design Reason Task (s) Results
Longitudinal IT. training Complex span ns.
Cros. Design 1 group IT. training Complex span ns.
Liu and Dong, 2020
Longitudinal IT. training N-back ns.
Cros. Design 1 group IT. training N-back ns.
Forum for Linguistic Studies (2021) Volume 3, Issue 1 141



The interpreter advantage in executive functions—A systematic review and meta-analysis

Table 6 (continued)

Article Research design Reason Task (s) Results

Longitudinal IT. training Complex span TE+

Cros. Design 1 group IT. training Complex span I+
Attanak et al., 2019

Longitudinal IT. training N-back TE+

Cros. Design 1 group IT. training N-back I+
Babcock and Vallesi, 2017 Cros. 1 group L. experience  Complex span I+

Longitudinal IT. training Complex span ns.
Babcock et al., 2017

Cros. Design 1 group IT. training Complex span ns.

Longitudinal IT. training Complex span TE+
Chmiel, 2018 Cros. Design >1 group 1. experience  Complex span I+

Cros. Design 1 group 1. experience  Complex span I+
De Smedt, 2016 Longitudinal IT. training N-back TE+

Longitudinal IT. training N-back TE+
Dong and Liu, 2016

Cros. Design 1 group IT. training N-back I+

Longitudinal IT. training N-back TE+

Longitudinal IT. training Complex span TE
Dong et al., 2018

Cros. Design 1 group IT. training N-back 1T+

Cros. Design 1 group IT. training Complex span ns.

Longitudinal IT. training N-back ns.
Dong and Liu, 2017

Cros. Design 1 group IT. training N-back ns.

Cros. 1 group L. experience  Letter-memory I+
Henrard and Van Daele, 2017

Cros. 1 group L. experience  Letter-memory I+
Macnamara and Conway, 2014 Cros. >1 group IT. training Complex span ns.

Corre. 1 group L experience  Complex span ns.
Injoque-Ricle et al., 2015 . Span with articulatory

Corre. 1 group L. experience . ns.

suppression

Cros. >1 group . experience  Free recall I+

Cros. >1 group I. experience C:z)tgg(;?s]; nd rhyme ns.
Kopke and Nespoulous, 2006 P

Cros. >1 group L. experience  Free recall ns.

. Category and rhyme

Cros. >1 group I. experience probe task ns.

Cros. >1 group L. experience  Complex span ns.
Liu et al., 2004

Cros. >1 group IT. training Complex span ns.
Macnamara et al., 2011 Cros. >1 group L. experience  Complex span ns.
Morales et al., 2015 Cros. 1 group L. experience  N-back I+
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Table 6 (continued)
Article Research design Reason Results Results
Macnamara and Conway, 2015 Longitudinal IT. training Complex span ns.
Signorelli et al., 2012 Cros. >1 group L. experience  Complex span ns.
Stavrakaki et al., 2012 Cros. 1 group I. experience  Complex span ns.
Longitudinal IT. training Complex span ns.
Cros. Design 1 group IT. training Complex span ns.
Stead and Tripier, 2016
Longitudinal IT. training N-back ns.
Cros. Design 1 group IT. training N-back ns.
Tian, 2016 Cros. >1 group L. experience  Complex span ns.
Timarova et al., 2014 Corre. 1 group 1. experience  N-back ns.
Van der Linden et al., 2018 Cros. 1 group L. experience  N-back ns.
Cros. >1 group IT. training Complex span ns.
Zou, 2016
Cros. >1 group IT. training Number switch ns.
Updating
80%

60%%
0%
0% .
o (1]
o 0% “
ol

ETE Em]+ Eps,

Figure 4. Results of updating advantages among interpreters.

Note: Q1: Do interpreters exhibit updating advantages over non-interpreters? Q2: Do interpreters enhance updating with more training or
accumulated experience?

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

+ u 1
0% 25% 50% 75% 100%%

B o risk of bias [[] Unctear risk of bias I i risk of bias

Figure 5. Risk of bias diagram: percentages of reviewers’ decisions on each risk of bias item across all the 29 studies
included.
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Figure 6. Bias risk summary: review authors’ assessments on each type of risk of bias for each included study.
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Country of Joumal Joumal
Study ID. Author the author Department Project Tilles Level
. Khon Kaen University Language Joumal of
Attapol Attanak Thailand Institute / Commumit
¥y
Developme
Sirkran . Center of Excellence in Cognilive ni
||'Il]ilk A] I hﬂ]l
A ctal, 2019 Juntapremyjit and Science, Burapha University ! Rescarch
(Humanitie
s and
L . Language Instituic, Chalalongkom Social
Amon Chai: a | Thailand A {
Saiy: Universily Sciences)
Laura Babcock Sweden Department of Neuroscience
L{alla- gm- -
Capizzi Italy Depantment of Neuroscicnce
Journal of
Hemispheric Asymmetrics for  Copnitive
Babeock et al., 2017 Executive Functions Enhancem
Cognilive Neuroscience Group, ent
Sandra Arbula Ttaly Scuola Intemnazionale Superiore di
Stadi Avanzah di Toeste
Antonino Vallesi Italy Department of Neuroscience
The nem‘f}hl_ok)gy .ol‘ muf;lcal Bili lis
Baboock ) ) Dcpanmcm: of ) c:xpcrusc Hmmsphcﬂg o
Babcock and Vallesi, 2017 Neuroscience Karolinska Institutet Asymme]l;nes l'or Execulive I SSCI
‘unchons
and
. - Department of Neuroscience, | Hemispheric Asymmetries for L.
Vallesi Ttaly Umiversily of Padova Execulive Functions on
Respeaking - process,
competences, quality; (PINC) Internation
. - Extreme language control: | al Journal
- Department of Translation Study A&HCI;
Chmicl, 2018 Agnicszka Chmicl | Poland e i"l | en U“.“ *1e% | activation and inhibition as of SSC1
¥ bilingual control mechanisms = Bilinguahs
in conference interpreting; m
ADLAB PRO
De Smcdt, 2016 Sarah De Smedt | Belgium Umiversity Gent / /
Neurocognitive Studies of
Dong, Yanping China School ol"I-nl.enmllu'. na]-Slu.d.ies, Inl.equeler Traning; Working Fronfiers in
Dong and Lin, 2016 Zhcjiang University memory in sccond language oo poue | gser
acquisition and processing v
_ _ College of Foreign Stwdies, South o
Liu Yuhua China B . . . Bilingual advaniage
" China Agnicultural University
Neurocognitive Studies of
, .- School of Intemational Studies, Interpreter Training; Working
Dong ¥ Ch
g tanpmg ma Zhejiang University memory in second language
Liu Yuhua China | COlloge of Forcign Studics, South RBilingual advantage  Frontiers in
Dong el al_, 2018 Lb Psycholog 88C1
7 The effect of using a foreign v
Bilingual Cognition and Education PJ ;m “c?fl . ang:
Cai Rendong China Lab, Guangdong University of LG COMVETgmIes I
Foreign Stud nonnative speech; Working
memory in second language
acquisiion and processing
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Table 7 (continued)

School of Intemational Studies,

Neurocogniiive Studies of
Interpreter Training; Working

Dong Yanping China hciians Umiversi memory in . c
Journal of
Dong and Xie, 2014 Cognilive | ooy
, - Psycholog
Foreign Lang) Collcge, Jiangxi gual ¥
Xie Zhilong China oreign UARCs - = experiences and cognitive
Normal University
conirol
Sébastien Henrard | Belgium D ;"::"""Ut of Occup: dc"m"a' Cognitive characteristics of (o in
Henrard and Van Daele, 2017 Psychology. Universit¢ de Mons work activitics Psycholog | SSCI
¥
N 3 Department of Occupational .
Agnés Van Dacle | Belgium | o 4 versité de Mons | PROVET EXPERT'CRISE
Department of Cognitive Processes,
Irene Ijjoque-Ricle| Argentina Psychology Research Inshiluie,
Juan Pablo v do Buenos cognity on nifios; Advances
Rarreyro Argentina Faculty of Psychology, UBA Procesos cognitivos en in
Injoque-Ricle el al, 2015 Dopartment of Research in Basic |~ 1i0s; Memonia de trabajo e, L; sscl
Jesica F. i, Cognilive Processes, Malional Psycholog
B Scientific and Technical Rescarch ¥
Council
. . - : - Memoria de trabajo e
Virginia 1. Jaichenco| Argentina Institute of Linguistics, UBA inferpretacion simultanca
Barbara Kopke France | CRversity of ;O'IJ]CI.ISG:, Toulouse,
Kopke and Nespoulous, 2006 Imterpretin Af:?’
Joan-Luc COGNIPROS. Linguistic and & o
Ne: ous France University of Toualouse cognitive evaluation of
prosodic production and
_ _ College of Foreign Stwdies, South o \
Lin Yuhua China Bil 1 ad Forei :
u China Asricultaral Universit £ Foreign | Ch
Lin and Dong, 2017 Language Core
Hh i Research | I al:
. . School of Intermnational Studies, | orocosnitive Studies of oums
Dong Yanping China Zhii Uni N Interpreter Training; Working
tang University |_memorv in second lansnase |
- - College of Foreign Studies, South .-
Liu Yuhua China Chi _ - Bilingual advaniage
& U ¥ Joumnal of
Liu and Dong, 2020 N itive Studics of : F CSS8CI
a - - T - ~anguages
D Vanpi Chi School ol'_]:nlemnll_onal_Slud.les, lnl.erpreler I'maining; Working
ping Zhejiang University memory in second language
Hong -
. Cenire for Translalion, Hong Kong
Liu Minhua Kong, Baptist University /
Lin ct al., 2004 Department of Educational Written and oral lansaasc: Ime'grem Ag‘sﬁl:?;
Diane L. Schallert us. Psychology. UAWM. r of Texas at Constructive C riticismg Tcamg
Patrick J. Carroll / ! !
T -
_ . - College of Foreign Stadies, South - Research
Liu, 2018 Lia Yuhua China China Asricultural University Bilingual advantage and
Brooke N Dcparhncnt of Psychological
USs. Sciences, Case Western Reserve f Psychono
Macnamara and Conway, University mic sscI
2014 Department of Applied Cognitive . . .. Bulletin &
Andrew R A Virtucs in Communitics of -
) < R
Conway Us. Psychology, C!arau-lunl Graduale Trust eview
University
Brocke N Department of Psychological Joamal of
) us. Sciences, Case Western Reserve / Applied
Macnamara and Conway, University Rescarch SSCI
2015 RA Department of Applied Cognilive Virtues in ities of in Memory
Co us. Psychology, Claremont Gracduate N and
: University Cognition
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Department of Psychological
Brooke N. Us. Sci Case n Reserve 7
Macnamara
University
Adam B. Moore I ! | !
L Interpretin | A&HCI;
Macnamara ct al., 2011 Department of Linguistics, o N
Judy Kegl us University of Southern Maine ASL ! ) B ssC1
Department of Applicd Cognitive . . L.
Andrew R, A_ us Py, sy, C e Virlues in C'I:I:;tmunmas of
Conway University
- _ - . . Modulati 1on with
Julia Morales Spain Universidad Loyola Andal i
tDCS
Department of Experimental Cognitive ol:_ rocesses m
Francisca Si BPSY - u.r% _ l'fhysll(‘:rlogy o(i;a Working memory and Acta
Morales et al, 2015 chaviour, Universily of Grana ive fancti Psychologi|  SSCI
ca
Execulive Control Training;
Carlos J. Gomecz- Spai Depantment of Psychology. Inhibi co lasa
Ariza F Universidad de Jaén hanism of m.
regulation
Mana Teresa Bajo Spam University of Granada
- _ . Program in Spccch—Language—
Teresa Signorelh _ _
Pi ! us Hearing Sciences, CUNY Semantic working memory
Graduate Center |
Center for Advanced Study of - . - -
Henk JHaarmann |  U.S Language (CASL), University of p working i o ¥ I':: J'“'mo “m'l AZHCL
Signorelli et al., 2011 Maryland, College Park of S80I 7
The influcnce of sccond- Bilingualis
Program in Speech—l.anguage— language grammar on native m
Lorame K Obler Us. Hearing Sciences, CUNY language sentence
Graduatc Centcr comprchension; Scmantic
working memory
T - Relationship between
Stavroula s of ltalian I and Devel 11
; Greece | Literature, Aristotle University of | = o o F ane :
Stavrakaki “Ihessaloniki L and I )
Dryslcxia Journal of
Department of Cardiothoracic Call for papers for "American Clinical
Kalliopi Megari Greece Surgery I, Aristotle University of Joumnal of Psychiatry and and
Stavrakaki et al_, 2012 Thessaloniki Neuroscience™ Expenmen |SCIL; 88CI
_ Neuropsychological tal
Mary Hel School of Psychology, Ansiotle
Kosmi dj:n Greece Univ;-s'rt;yofﬁess:alcmiki Assessment of Greck Neuropsyc
Australian Mipranis hology
Mania Aposiolidoa / ; ;
Elem Takou
Stead and Tripier, 2016 ‘énm,sm Sw“zdeﬂ‘m University of Geneva ; /
Tian, 2016 Tian Jia China | CGuansdong U“'“"_r;ly of Foreign 7 /
Sarka Timarova / KU Leuven | /
_— . . . Institate of Translation Studies, ImPLI {Improving police and
Ivana Cefikova | Crechia Charles Universily in Prague legal inferpreting) 2011-2012
Reine Meylaeris Bel, Facully of the Aris, KU Leuven i labion policy
Erik Hertog f KU Leuven !
Timarovi et al_, 2014 Psy , Sci Assessing Content and i Interpretin A%:IIETI;
A . N el - [‘g] N sité Catholique de Language Integrated Leamning B 58C1
1 in - UCLouvai {CLIL): Linguisiic, cognitive
and educational perspectives
. Department of Experimental _
Wouler Duyck Belgium Psychology, Ghent Uni . LEMMA project
Cognitive control of language
ize Van der Psychological Sciences Research n the bilmgual brain-
Linden Belgiom Institate, Université Catholique de Behavioral and brain
: Louvain - UCLouvain correlates in (a)typical
populations
B ]:luLml d° Belgium 1 of Experi /
Evy Wi Psychology, Ghenl University | LEMMA project
. Department of Experimental _ Fronliers in
Van der Linden ct al., 2018 w <k Psychology, Ghent Universily prog Psycholog SsSCI
¥
As 1 Content and
Psychological Sciences Research smessmg Tom .
o e - . . ~ Language Intcgrated Learning
Amaud S B Umversilé Catholique de L _
Louvain - UCLouvai (CLIL): Linguistic, cognitive
AL and educational perspectives
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Table 7 (continued)

. . . University of Electronic Science and
‘Wei, 2017 Wei Yue China Technology of China { f
. Department of Experimental .
Evy Woumans | Belglum | b ology, Ghent University | LEMMA project
Evy Ceuleers / f /
Joumal of
Cognitive control of language ]‘o imen
. in the bilingual brain:
Lize Van der . . . tal
Linden Belgium Behavioral and brain Psy
Woumans cf al. 2015 Psychological Sciences Research | correlates in (a)typical cholog
umans ctak Institute, Université Catholique de populations ¥
Louvain - UCLouvain Assessing Content and &
Amaud Szmalec | Belgium Language Integrated Learning
{CLIL): Linguistic, cognitive Cognition
. Department of Expenmental .
Wouter Duyck | Belgium |, b ology, Ghent University LEMMA project
Departamento de Psicologia
Carolina Yudes Spain Evohutiva y de la Educacion, /
University of Malapga
Pedro Macizo Spain Psychology and Physiology of Second language leaming  Frontiers in
Yudes ctal., 2011 . o S8CI
Behaviour, University of Granada psychology
Executive Control T'raining;
. . . R i Inhibitory control as a
T Bajo|  Spain o ity of mechanism of memory
regulation
; Shanghai International Stadics
Zou, 2015 Zou Deyan China University / /

3.8. Assessing risk of bias

Risk of bias was assessed in RevMan (see Figure 5 and Figure 6). There was a 17% risk of a
selection bias and a 28 % chance of incomplete data bias after ignoring concealment- and blinding-
caused biases. Taken together, the bias risk was relatively low for the present systematic review,
thus confirming validity of the included literature.

Table 7 shows author names, countries, departments and projects and journal titles. Nine out
of the 29 included studies are from China, mainly led by Dong Yanping and Liu Yuhua. Other
studies are led by authors from Thailand, Sweden, Italy, Poland, Argentina, France, U.S., Spain,
Greece, Czechia, and Belgium. In addition to peer-reviewed journal articles, there are three Chinese
dissertations downloaded from CNKI and Baidu Scholar and two international dissertations
downloaded from school libraries. Journal ranking was checked according to the Shang Jiao Tong
University Core Journal Finding System (http://corejournal.lib.sjtu.edu.cn/findcoreej.htm ) and
ISSN of the journal both on the article and the website to avoid mistakes. A total of 20 studies
included are of high quality as they were published by SSCI, A & HCI, SCIE, CSSCI or Chinese
Core Journals.

4. Meta-analyses

4.1. Reproducibility and replicability

One of the ways by which the scientific community confirms the validity of scientific discovery
is by repeating the research that produces it. Popper stresses the importance of repeatedly testing
and reproducing results before acknowledging the conclusions and their empirical validity (Popper,
2005: 23). In our case, executive functions are not a single mechanism measured by a singular task.
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In fact, different EFs (even the same EF) are measured by different tasks under a variety of cross-
sectional and longitudinal designs. However, we managed to synthesize data on some commonly
used EF tasks for meta-analysis to see if the interpreter advantages can be replicated. These tasks
included WCST, task-switching, Stroop, 2-back and some of the complex span tasks. To ensure
validity, replicated evidence must be available from at least two primary studies for a task to be
included for meta-analysis in RevMan (Card, 2012).

4.2. Results of meta-analyses
4.2.1 Inhibition: Stroop

For a Stroop study to be included, it must meet the following requirements: 1) The moderating
factor should be interpreting training or experience; 3) The Stroop effect of the original study should
be provided; 3) The comparison should be made between groups with (more) interpreting training
and those with (less) or no training; 4) Task moderations are accepted, meaning it can be number
Stroop or color-word Stroop. Six publications included the Stroop task. However, only three met
all the inclusion criteria, with seven datasets. But only three met all the inclusion criteria. Figure
7 showed no interpreter advantage on the Stroop task (g = 0.13; 95% CI, -0.07,0.33; Z=127,p =
20; I = 0%).

(More) Training No (Less) Training Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total  Mean SD  Total  Weight IV,Random,95% CI IV Random,95% C1
Babeock and Vallesi. 2017 47 29 21 53 36 21 10.70%  -0.18[-0.79, 0.43] e
Dong and Liu, 2016 314 3228 4 231 3071 35 1990%  0.15[-0.29,0.60] —_——
Dong and Liu, 2016 3114 3228 4 2803 2842 37 2060%  0.10[-0.34.0.54] —_—
Dong and Lit, 2016 L4 3228 4 1848 3835 4 2220%  035[0.07.0.78] ey
Liuand Dong, 2017 3301 3083 26 2585 4Ll 260 13.30%  0.19[-0.35,0.74] P I —
Liu and Dong, 2017 3301 3083 26 3518 4806 26 13.30%  -0.05[-0.60,049] SR E—
Total(95% C1) 205 189 100.00%  0.13 [-0.07,0.33] ’
Heterogeneity: Tau'=0.00; Chi*=2.61. df= 5 (P=0.76): I' = 0% S8 N N W W—
Test for overall effect: Z = 1.27 (P=0.20) -l 0.5 0 0.5 1

10 traming effect training effect

Figure 7. Forest plot on Stroop task, comparing Stroop effect between interpreters and non-interpreters or advanced
trainees or less skilled trainees.

4.2.2 Updating: 2-back

The inclusion criteria for the 2-back task were similar to those for the Stroop task, except for the
dependent variable being the 2-back mean accuracy score rather than the Stroop effect. Accuracy
measured in other manners was converted according to De Smedt (2016). Ten studies included the
2-back task. However, only five studies with ten datasets met all the inclusion criteria.

Forest plot results in Figure 8 showed a small effect size in favor of interpreter advantage
on 2-back (g = 0.23; 95%CI, -0.02, 0.48; Z = 1.82, P = 0.07; I’= 61%). Due to the substantial
heterogeneity, a sub-group analysis was conducted to identify the cause.
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(More) Training No (Less) Training Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total  Mean SD Total Weight IV,Random,95% CT IV.Random,95% C1
De Smedt, 2016 0.858  0.082 15 0843 0.09%4 16 7.10% 0.17[-0.54, 0.87] —
Dong et al.. 2018 09  0.069 48 084  0.087 48 1140% 0.76[0.34,1.17] S
Dong et al.. 2018 09  0.069 18 088  0.087 43 11.50% 0.25[-0.16, 0.67] O E——
Dong and Liu, 2016 09  0.068 4 084  0.091 4 1110% 0.74[031,1.17) R —
Done and Lin. 2016 09  0.068 4 091 0.067 35 10.90% -0.15[-0.59,0.30] —_—
[)on.g and Liu. 2016 09  0.068 44 089 0.084 37 11.00% 0.13[-0.31,0.57] —_———
Liu and Dong, 2017 092 0051 26 093 0082 26 930% -0.19[-0.74,0.35] —_—
Liu and Dong, 2017 092 0051 26 09  0.065 200 920°% 0.34[-021,0.88] —_—t
Liu and Dong, 2020 0.92 0.05 26 089 0.07 260 920% 0.49[-0.07. 1.04] ‘—
Liu and Dong, 2020 0.92 0.05 26 0.94 0.05 27 930% -0.39[-0.94,0.15] ———
Total(95% C1) W 328 100.00% 023 [0.02, 0.48] E 3
Heterogeneity: Tau’=0.09: Chi*=22.79, df= 9 (P=0.007): I' = 61% l t f f

-l 05 0 0.5 |

Test for overall effect: Z =182 (P=0.07)

no training effect

training effect

Figure 8. Forest plot of training effect on 2-back task, comparing 2-back accuracy rate between interpreters and

controls or trainees’ pre-post performance.

(More) Training No (Less) Training Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD  Total Weight IV.Random.95% CI IV.Random,95% CI
1.1.1 Interpreters vs. Non-interpreters
Dong et al., 2018 09  0.069 48 088  0.087 43 11.50% 0.25[-0.16,0.67] —
Dong and Liu, 2016 09  0.068 44 091 0.067 35 10.90% -0.15 [-0.59,0.30] —_—
Dang and Liu, 2016 09  0.068 4 089 0084 37 11.00% 0.13 [-0.31,0.57] —_—
Liv and Doag, 2017 092 0051 26 093 0052 26 9.30% -0.19 [-0.74,0.35] —_—
Liu and Dong, 2020 092 005 % 094 0.0 27 9.30% -0.39 [-0.94,0.15] _—
Subtotal (95% CT) 188 168 52.00% -0.03[-0.26,0.20] ’
Heterogeneity: Tau'=0.01; Chi’ =4.65, df= 4 (P=0.32): T'= 14%
Test for overall effect: Z = 0.26 (P=0.80)
1.1.2 Pre-traning vs. Post-training
De Smedt. 2016 0.858  0.082 15 0843 0.09 16 7.10% 0.17 [-0.54, 0.87] ——
Dong ctal. 2018 09  0.069 48 084  0.087 48 1140% 0.76[0.34,1.17] ——
Dong and Liu, 2016 09  0.068 44 084 0091 44 11.10% 0.74[031,1.17] PSS
Li and Dosg, 2017 092  0.051 26 09  0.065 26 9.20% 0.34[-0.21,0.88] =l [ S—
Liu and Dong, 2020 0.92 0.05 26 0.89 0.07 260 9.20% 0.49[-0.07, 1.04] ) - —
Subtotal (95% CT) 139 160 48.00% 0.8 [0.35, 0.80] .
Heterogeneity: Tau'=0.00; Chi’=3.43, df=4 (P=0.49): I'= 0%
Test for overall effect: Z = 5.03 (P<0.0001)
Total(95% CT) 347 328 100.00% 0.23 [-0.02, 0.48) ’
Heterogeneity: Tan'=0.09; Chi’=22.79, df=9 (P=0.007): I'=61% f . f .
Test for overall effect: Z = 1.82 (P=0.07) o 43 g U 1
Test for subgronp difference: Chi’ =13.90, df=1 (P=0.0002), I'=92.8% o training effect training effect

Figure 9. Forest plot of sub-group analysis on 2-back training effect.

In Figure 9, the interpreter vs non-interpreter subgroup showed no interpreter advantage on
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2-back (g = -0.03; 95% CI from -0.26 to 0.20; Z = 0.26, p = 0.80; I’ = 14%). However, the pre-
training vs post-training subgroup exhibited significant interpreter advantage on 2-back (g = 0.58,
95% CI from 0.35 to 0.80; Z = 5.03, p < 0.00001; I’ = 0%). The sub-group analysis indicated that
that heterogeneity could arise when between- and within-group results were synthesized.

4.2.3 Updating: L2 listening span

L2 listening span is complex span task that requires the participants to recall the last word of a
set of each sentence after listening in their second language (L2) and judging if the sentences make
sense. The inclusion criteria are the same except for the scoring method, which can be the total
number of correctly recalled words (Nour et al., 2020) or the highest number of recalled words for
more than two out of five sentence set (truncated span) (Liu et al., 2004). Six studies included the
L2 listen span task, but only four met all the selection criteria, with seven datasets. In Liu et al. (2004:
32), the means and standard deviations of the L2 listening span results are provided for professional
interpreters, advanced students and beginning students. However, results of the whole student
groups are not clearly provided. Equations (1) and (2) presented below are used to calculate the
separate means and SDs of the advanced (x) and beginning students (y). After calculation, the mean
of the whole student group is 3.295, with SD being 1.597.

Z= 0
_ Jna;-rmof&% (2)
men
(More) Training No (Less) Training Std. Mean Difference Std, Mean Difference
Sndy o Snbgrong Man  SD  Toal  Mem  SD Total Weight IVRandomdstCl IV Random 5% (1
Dogetal, 208 01569 48 261 54 48 240% 061[020,107] —
Dong et 2018 BIS 69 4 N9 T8 8B B2% 025[016,067 ——
Livetal. 200 1B 1 3% 19T 2 1020% 02305009 _—
Livetal 200 W9 36 13 1L 800% D10[094,074 _—
L Dong 2 6776 26 02 5426 1480% 091[034,148] —_—
Linznd Dong 2000 W6 6 2% M5B 2 1610% 025029079 ——
T 16 WIS 646 4 49 599 10 440 032[149,089)
Toals% ) 1" 187 10000% 038 [0.12,063 ‘
Heterogeneiy: Tau'=0.03; Chi" =792, df= 6 (P=0.24); =242% — —

Test for overall effect: Z=2.93 (P=0.0003)

noframngeffeet  traimmg effect
Figure 10. Forest plot of L2 listening span.

Forum for Linguistic Studies (2021) Volume 3, Issue 1 151



The interpreter advantage in executive functions—A systematic review and meta-analysis

The results in Figure 10 showed that more interpreting training or experience significantly
enhanced L2 listening span (g = 0.38; 95% CI, 0.12, 0.63; Z = 2.93, p = 0.0003; I* = 24%)). Although
there was only a small heterogeneity in the datasets (Higgins and Green 2008: 278), we conducted a
sub-group analysis to address it.

(More) Training No (Less) Training Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD__ Total _ Mean SD__ Total Weight IV,Random95% CI IV,Random,95% CI
1.2.1 Interpreters vs. Non-interpreters
Dong et al,, 2018 2975 629 4|8 2797 768 43 23.20% 025[-0.16,0.67] e B
Linetal. 2004 364 123 113295 1597 22 1020% 0.23 [0.50,0.95] N S —
Livetal. 2004 i L1 1 336 133 11 800% -0.10[-0.94,0.74] —_—
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Figure 11. Forest plot of sub-group analysis on L2 listening span.

As presented in Figure 11, the 24% heterogeneity was due to the combination of between-group
and within-group data. The sub-group analysis showed that interpreters possessed no advantage
over non-interpreters in L2 listening span (g = 0.18; 95% CI, -0.09, 0.45; Z = 1.29, p = 0.20; I’ =
0%). However, post-training interpreters performed significantly better in L2 listening span than
before training, with a high effect size (g = 0.71, 95%CI, 0.38, 1.05; Z = 4.20, p < 0.0001; I* = 0%).

4.2.4 Shifiing: WCST

The inclusion criteria for WCST are the same except for the dependent variable, which is the
number of completed categories. Eight studies included WCST, but only four met all the selection
criteria, with seven datasets. In Dong and Xie (2014) there are two groups of interpreters and two
groups of non-interpreters. Equations (1) and (2) are used again to convert the means and SDs of the
separate groups into those of the whole group.

The results in Figure 12 showed a highly significant interpreter advantage with a medium-to-
high effect size and no heterogeneity in the datasets (g = 0.68; 95%CI, 0.48, 0.87; Z = 6.86, p <
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Figure 12. Forest plot on WCST.

4.2.5 Shifting: Task-switching

no training effect

training effect

Five out of the eight task-switching studies meet the inclusion criteria, with nine data sets.
The included dependent variable is the switching cost, i.e. difference in response time between
repeat trials and switch trials. The higher the switching cost is, the weaker the shifting ability is
(Liu, 2018). Results presented in Figure 13 showed that more interpreting training or experience
significantly reduced switching cost (g = -0.23; 95%CI, 0.03, 0.43; Z=2.22; P=0.03; I’ = 32%).

(More) Training No (Less) Training Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total  Mean SD_ Total Weight IV,Random,95% CI IV,Random,95% C1
Babeock aud Vallesi, 2017 192 147 3 234 172 21 8.60% -026[-0.83.034] —_——
Babeock et al, 2017 131 99 47 153 101 47 1450% -024[-0.64.0.17] —_—
Babeock etal, 2017 131 99 47 147 98 10 690% -0.16[-0.84,0.52] _—
Babcack etal. 2017 131 99 47 105 68 35 13.10% 030 [-0.14,0.74] —_—
De Smedt 2016 14464 11141 15 14307 1286 16 660% 0.01[-0.69,0.72]
Dong and Liu, 2016 942 3819 4 13923 9019 44 13.60% -0.59[-1.02,-0.16] —_—
Dong and Liu, 2016 942 5819 4 11871 7088 35 1280% -0.38[-0.83,0.07] —_—
Dong and Liw, 2016 942 5819 4 13273 8293 37 1290% -0.54[-0.99,-0.10] _
Lin, 2018 13444 8338 3 18603 107.12 30 11.000% -0.01[-051,0.49] —
Total(95% CT) 342 275 100.00% -0.23 [-0.43,-0.03] ‘
| | | |
. i i i

Heterogeneity: Tau’=0.03; Chi*=11.72. df=§ (P=0.16); ' =32%
Test for overall effect: Z = 2.22 (P=0.03)

Figure 13. Forest plot on switching cost.
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Although the 32% heterogeneity was not too significant to affect the results, a sensitivity analysis
was conducted. It was found that the third dataset extracted from Babcock et al. (2017) included
interpreters and non-language controls while the other eight datasets compared interpreters with
controls with language training. After excluding the heterogeneity, a new forest plot in Figure 14
showed a bigger effect estimate, with more interpreting training or experience significantly lowering
switching cost (g =-0.32; 95% CI, 0.14, 0.49; Z = 3.56, P = 0.0004; I’ = 0%)).

(More) Training No (Less) Training Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean sSD Total Weight IV ,Random,95% C1 IV,Random,95% CI
Babeock and Vallesi. 2017 192 147 23 234 172 21 8.70% -0.26(-0.85,0.34] ————
Babcock etal 2017 131 99 47 155 101 47 1870% -0.24[-0.64,0.17] —_——
Babeock et al_ 2017 131 99 47 147 98 10 6.60% -0.16([-0.84,0.52] —) (E—
Babcock et al.. 2017 131 99 47 105 68 35 0.00% 030[-0.14,0.74]
De Smedt. 2016 14464 11141 15 14307 128.6 16 620% 001[-069,0.72] —
Dong and Liu, 2016 942 5819 4 13923 9019 4 16.80% -0.59[-1.02,-0.16] —
Dong and Liu, 2016 942 58.19 44 11871 70.88 35 1530% -0.38[-0.83,0.07] —_—
Done and Liu. 2016 942  3B19 4 13273 8293 37 15.50% -0.54[-0.99,-0.10] R —
Liu. 2018 13444 8338 31 186.03  107.12 30 1220% -0.01[-0.51.049] e
Total(95% CT) 295 240 100.00% -0.32 |-0.49,-0.14] ’
Heterogeneity: Tau'=0.00; Chi* =5.27, df= 7 (P=0.63); I' <0% } i i f

E 5 5
Test for overall effect: Z = 3.56 (P=0.0004) I % . % I

training effect no training effect
Figure 14. Forest plot on switching cost after sensitivity analysis.

5. Discussion

5.1. Summary of major findings

Despite growing interest in the cognitive processes of interpreters, prior research on the presumed
interpreter advantage in executive functions has produced inconsistent results. To find patterns in
these mixed results, the systematic review and meta-analysis synthesized data from 98 tasks of
29 highly relevant studies. As shown in Table 8, a shifting advantage was confirmed whereas an
inhibitory advantage was rejected. For updating, findings were mixed in the systematic review and
the meta-analysis.

Table 8. Summary of results

EFs Q1: Cross-sectional Q2: Longitudinal
Inhibition X X
Systematic Reviewv Shifting \ \
Updating X mixed
Inhibition (Stroop) X X
Shifting (WCST; Task- N N
Meta-analyses switching)
Updating (2-back; L2 “ N
Listening span)
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5.1.1 Shifting

In cross-sectional between-group comparisons, 69% of publications on shifting supported an
interpreter advantage, while all longitudinal studies (100%) presented positive evidence. The results
aligned with the conclusion in Nour et al. (2020). Besides, the interpreter advantage in shifting was
also shown in the meta-analysis of two shifting tasks (SMD = 0.68 for WCST and SMD = -0.32
for Task-switching). According to the Adaptive Control Hypothesis (Green and Abutalebi, 2013:
17-518), cognitive advantages are modulated by the interactional context being the dual-language,
single-language or dense code-switching. As interpreters routinely switch between two languages at
work or during training (Aparicio et al., 2017; Babcock and Vallesi, 2017), their abilities in shifting
might be significantly enhanced, as proven by most existing literature.

5.1.2 Inhibition

Only five out of the 21 (24%) cross-sectional or correlational tasks supported an inhibitory
advantage for interpreters (Timarova et al., 2014; Woumans et al., 2015; Henrard and Van Daele,
2017). Three of the five (60%) longitudinal tasks did not report significant improvement after the
training (Babcock et al., 2017; Dong and Liu, 2016; Liu and Dong, 2017). These accord with the
review results of Nour et al., (2020). Besides, the meta-analysis of Stroop (SMD = 0.13) exhibited
no inhibition advantage of interpreters.

5.1.3 Updating

On the 34 cross-sectional tasks of updating, 23 (68%) revealed no significant difference between
interpreters and controls or between experts and novices. On the 14 longitudinal tasks, 50% didn’t
report a significant training effect. The pooled effect estimates only suggested significant impact of
interpreting training on 2-back (SMD = 0.58) and L2 listening span (SMD = 0.71), but not in cross-
sectional comparisons. This is consistent with findings of Wen and Dong (2019), but at variance
with those of Nour et al. (2020). The discrepancy mainly comes from the 29 (this review: 48 vs
Nour et al. 2020: 19) newly-added effects.

5.2. Moderating factors: PICOS
5.2.1 Participant

Participant differences affect the results. Difference in demographics (age, social economic status
etc.), language experience and expertise, interactional context (dual, single, or dense code-switching
are crucial variables in the development of executive control in bilinguals (Yudes et al., 2011; Green
and Abutalebi, 2013; Verreyt et al., 2017; Kidd et al., 2018).

There is a trade-off between age and EFs. With more years, interpreters get to build more
cognitive reserves. However, growing older means decline in working memory and executive
functioning. (Zhang et al., 2020). For inhibition, Henrard and Van Daele (2017) found superior
inhibitory performance of interpreters over translators. while Dong and Liu (2016) didn’t reveal
such superiority. The much older participants in Henrard and Van Daele (2017) than those in Dong
and Liu (2016) (M = 19.85) and (M = 44.98) could be the explanation, meaning an interpreter’s
inhibitory advantage may emerge in older age. For shifting, Babcock and Vallesi (2017), Macnamara
et al. (2011) and Timarova et al. (2014) failed to prove the interpreter advantage in shifting with
mean participant ages of 34.1, 42 and 37.1, older than those of other studies. Could this mean that
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an interpreter’s shifting advantage is likely to emerge at a younger age? In the same vein, supporting
evidence for an updating advantage mostly came from student interpreters between 19 and 22 years
old. With older students at 26.68 and 28.87, Macnamara and Conway (2014; 2015) and Stead and
Tripier (2016) did not find an interpreting training effect.

Not only age, but L2 proficiency and switching frequency have also been shown to moderate
EFs (e.g. Woumans et al., 2015; Verreyt et al., 2016). In Woumans et al. (2015), student interpreters
exhibited higher inhibition accuracy over unbalanced bilinguals but not the balanced bilinguals,
possibly due to the moderating effect of L2 proficiency. On the other hand, Verreyt et al. (2016)
found inhibitory advantages in balanced switching bilinguals over unbalanced and balanced non-
switching bilinguals, indicating that language switching might be a key determinant.

5.2.2 Intervention

Interpreting experience is not categorical but continuous, like bilingualism (Luk and Bialystok,
2013). At different levels of expertise, the interpreting experience or training intervenes differently.
According to Chein and Schneider (2012), during the three stages of skill acquisition, formation,
controlled execution and automatic execution, there is a shift from metacognition to cognitive
control to representation. As the cognitive control network is heavily recruited during the stage
of controlled execution, the most likely period to see superior cognitive control could be during
intense training. When interpreters start training, the metacognitive system plays a dominant role,
with participants not engaging in the necessary code-switching practice and being insufficiently
exposed to the cognitive processes of interpreting. On the other hand, professional interpreters
can find interpreting effortless if they have automated language and processing control (Dong and
Li, 2020). In Hervais-Adelman et al. (2015) recruitment of the right caudate nucleus was reduced
in simultaneous interpreting after 15 months of intense training. Hervais-Adelman et al. (2017)
revealed that cortical thickness increased after simultaneous interpreting training. Such structural
change decreases demand on cognitive control as the task becomes more automatized. This is in line
with the adaptive control hypothesis (Green and Abutalebi, 2013)

So far, the exact amount of training that brings on the EF advantages has not been confirmed.
In Dong and Liu (2016), and Liu and Dong (2017; 2020), with other factors being similar, results
diverged due to different duration of training (2016: 1 semester and 32 class hours; 2017: 1 year
and 144 class hours; 2020: 1 year and 144 class hours) and students being English or non-English
majors. Dong and Liu (2020) believed that participants at the beginning stage or at lower levels
endure more interpreting pressure and therefore may need WM and EF more.

5.2.3 Control

The lack of differences between interpreters and other well-matched linguistic groups may be
attributable to the fact that learning is such a fundamental human behavior that it is constantly
pursued in multiple ways. The control group may not engage in the heavy code-switching necessary
for developing interpreting skill, but they may pursue a myriad of other goals and interests intensely.
Other acquired skills, such as being a professional musician (Bialystok and DePape, 2009), playing
American football (Wylie et al., 2018) and aerobic exercise (see a review by Heijnen et al., 2016),
have all been shown to produce discernible effects on cognition.

5.2.4 Outcome
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Task impurity has a negative impact on the outcome. Since EFs are three independently single
mechanism but unitary to some degree (Miyake et al., 2000), one task could test more than one
aspect of EFs. For example, task switching requires inhibition as well as the shifting function,
which explains why the color-shape switching in Dong and Liu (2016) and the color-word
switching Babcock and Vallesi (2017) and Babcock et al. (2017) produced different results. With
more complex stimuli, the latter two studies did not show an interpreter advantage in shifting. For
complex span (e.g. operation span; listening span), tasks requiring only the ability to understand
and judge plausibility led to positive findings (Chmiel, 2018; Attanak et al., 2019). However, if the
task requires more focus on information details, or conducting an arithmetic calculation, researchers
don’t find the advantage (Stead and Tripier, 2016; Babcock et al., 2017; Liu and Dong, 2020).

5.2.5 Study design

Most study designs in the existing literature were cross-sectional, correlational or longitudinal
with a control group. Only a few studies followed the pre/post and experimental/control longitudinal
design to explain the causal relationship between interpreting training/experience and EFs (e.g.
Dong and Liu, 2016, Liu and Dong, 2017, 2020; Dong et al., 2018). More studies focused on how
interpreting experience enhanced EFs, not how bigger a role EFs play in shaping interpreting
performance, with a few exceptions (e.g. Liu et al., 2004; Dong and Xie, 2014; Timarova et al.,
2014).

6. Conclusion

This systematic review and meta-analysis found significant evidence for the interpreter advantage
in shifting, mixed findings in updating and little support in terms of inhibition. Inconsistency in
previous studies is mainly caused by the heterogeneity of the demographic background, second
language and interpreting experience, the universality of executive functioning, the diversity of
experimental tasks and indicators used, and the mismatch between interpreting experience and
experimental tasks. The findings of the present study can be replicated and extended. In decades
ahead, increasing research on the role of executive functions in interpreting practice and vice versa
will expand current knowledge of this growing field.
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