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Changes in human cognition, brain structure, and function occur 
with development and throughout aging. This change occurs across 
timescales of years, and scientific inquiry into these changes has 
inspired the neuroscientific fields of development, life span, and 
aging. Likewise, interventions that remediate or enhance cognitive 
performance can thwart or truncate the temporal progression by 
which change might naturally occur, and are drawing increasing in-
terest from basic science, clinical, and commercial audiences alike. 
Understanding the neural basis of cognitive change is a primary goal 
of human neuroscience. Although cross- sectional studies inform 
questions related to life span and intervention differences, only lon-
gitudinal studies which compare the same participants across mul-
tiple time points can mechanistically explain change. This In Focus 
issue brings together longitudinal research from developmental neu-
roscience and cognitive training in effort to gain insights into how 
changes occur in cognition and brain structure over timescales of 
weeks to years.

There are unique challenges associated with longitudinal re-
search. Logistical challenges include planning, sometimes years 
in advance, for potential problems related to participant retention 
and research implementation. Furthermore, longitudinal studies 
are resource consuming in terms of finances and manpower, often 
preventing early-  and mid- career researchers from pursuing ambi-
tious, potentially paradigm- shifting lines of research. Here, research 
involving human participants was brought to a standstill in March 
2020 due to the unforeseen global COVID- 19 pandemic. Scientific 
researchers had to adjust plans for data collection and dissemina-
tion, rework project aims, reconsider what is feasible, and strive 

to balance professional and personal while working from home. 
Perhaps the least devastating outcome of the pandemic was the 
50% dropout of planned contributions to this In Focus issue. With 
that in mind, below we showcase the three articles of this issue. We 
then conclude with a call for future research that takes a longitudinal 
approach across multiple intersecting fields of inquiry to bring us 
closer to understanding the neural basis of cognitive change.

A core challenge in longitudinal research is the development and 
use of measures with robust test– retest reliability (Ofen et al., 2019). 
If a measure does not show stable outcomes in the same participant 
across multiple points close in time, without intervention, then it 
cannot reliably measure stability or change. Homayouni et al. (2021) 
tackled this core challenge by validating a measure of brain struc-
ture, specifically, hippocampal subfield volumes using structural 
MRI. The hippocampus is critical to declarative memory, and cross- 
sectional life span differences in hippocampal subfields have been 
linked to life span differences in declarative memory performance 
(Daugherty et al., 2017). In this study, hippocampal subfields were 
measured in the same pediatric participants, aged 7– 20 years, at 
baseline and both 1- month and 2- year delays (Figure 1a). The re-
liability of the measure was demonstrated by means of structural 
stability over 1 month and change over 2 years, replicated in two 
independent samples. These results further demonstrate the utility 
of the measure as sensitive enough to detect longitudinal changes in 
brain structure over an expected maturational timescale of 2 years.

Interventions that aim to remediate or enhance cognitive perfor-
mance, if successful, can thwart or truncate life span timescales of 
change, or simply enhance performance. The other studies in this issue 
tackled questions related to cognitive training- based intervention, a 
field that is plagued with unreliable outcomes (Boot & Kramer, 2014; 
Hampshire et al., 2019; Kable et al., 2017; Owen et al., 2010; Sala & 
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Gobet, 2019; Simons et al., 2016). Compounding this unreliability are 
subtle effects and improvements limited to the trained cognitive task, 
without any transfer of benefit to untrained tasks and therefore no ben-
efit to daily living (Melby- Lervåg et al., 2016; Richmond et al., 2011). 
Attempts to improve outcomes by augmenting cognitive training with 
noninvasive neurostimulation have been met with similarly unreliable 
results (Berryhill et al., 2019; Horvath et al., 2015; Polanía et al., 2018). 
This problem of unreliability is further compounded by differential 
methods utilized between research laboratories and the file drawer 
problem, where only statistically significant results are rewarded with 
publications and further grants (Medina & Cason, 2017; Melby- Lervåg 
et al., 2016). Successful intervention requires mechanistic explanations 
of what works and for whom, as a “one- size- fits- all” approach is not 
sustainable for reliable, beneficial interventions.

Kelly et al. (2021) sought to identify structural brain indices of 
cognitive enhancement following a working memory training pro-
gram in children at risk of working memory impairment. Specifically, 
they compared 5– 7 weeks of working memory training that was ei-
ther adaptive (“Cogmed”) or consistently low in difficulty (control) 
in 7- year- olds who had been born extremely preterm or with low 
weight. Cognitive assessment and both functional and structural 
MRI data were collected at baseline and 2 weeks post- training for 
investigation of changes related to adaptive training that taxed 
working memory. Increased functional connectivity in the precu-
neus network was previously identified as a functional network 
index of cognitive enhancement following Cogmed training (Tseng 
et al., 2019). In this study, despite identification of a whole- brain 
structural change following Cogmed training, no structural network 
indices were identified that correlated with cognitive enhancement 
(Figure 1b). Structure– function links in brain networks are complex 
(Suárez et al., 2020), and these results highlight the importance of 

examining both functional and structural brain measures to achieve 
a mechanistic understanding of cognitive change.

Au et al. (2021) sought to identify optimal stimulation param-
eters for pairing noninvasive neurostimulation, here, transcranial 
direct current stimulation (tDCS), with working memory training in 
young adults. Specifically, they combined 5 days of working memory 
training with active or sham (control) tDCS to the right dorsolateral 
prefrontal cortex (DLPFC) that was applied before, during, or after 
each training session. The effects of tDCS on neuronal resting- state 
polarization are believed to outlast the stimulation period (Reinhart 
et al., 2017), so, probing the benefit of tDCS applied before, during, 
or after cognitive training leads to greater mechanistic understand-
ing of how to elicit cognitive benefits through paired training and 
neurostimulation. Working memory was assessed at baseline and 
1 day post- training for investigation of changes related to the tim-
ing of tDCS. The DLPFC is known to support working memory, and 
DLPFC tDCS applied online during training has been shown to en-
hance young adults’ working memory compared to training alone 
(Au et al., 2016; Katz et al., 2017). In this study, working memory im-
proved across all training conditions and was not further enhanced 
with online tDCS; however, benefits were impaired with tDCS ap-
plied immediately after training (Figure 1c). These results reveal an 
interaction between the right DLPFC and post- training processes, 
and underscore the importance of directly examining the neural 
mechanisms by which training and tDCS change the brain to elicit 
changes in working memory performance (Jones et al., 2017, 2020).

Collectively, the articles in this In Focus issue illuminate the 
need for studies which aim to determine not only what changes 
in human cognition and the brain over different timescales, but 
also how changes in the brain underpin changes in behavior. To 
do this, it is necessary to determine measures with test– retest 

F I G U R E  1   Timeline summary of articles in this In Focus issue. (a) Test– retest reliability demonstrated in a measure of hippocampal 
subfield volumes in two samples aged 7– 20 years. Stability is shown at a 1- month delay and change is shown at a 2- year delay. (b) No 
structural brain network indices of cognitive enhancement following adaptive working memory training compared to task control identified 
in 7- year- olds at risk of working memory impairment. Indices were investigated 2 weeks after a 5-  to 7- week training regimen. (c) Training 
impairment identified with DLPFC tDCS compared to sham control applied immediately after working memory training in young adults. 
Training effects were assessed daily over 1 week [Correction added on August 13, 2021, after first online publication: The figure 1 label was 
changed from ‘d’ to ‘a’.] [Correction added on August 13, 2021, after first online publication: The figure 1 label was changed from ‘d'  to ‘a’.]
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reliability (Homayouni et al., 2021), extend previous findings from 
interventions (Au et al., 2021; Kelly et al., 2021), and engage in 
longitudinal research despite the challenges. With this knowledge, 
we may not need to speculate about why certain findings do not 
replicate. Moreover, we may be able to predict how people's brains 
and behaviors change over their lives, and how different interven-
tions should target different people for maximum efficacy. Future 
research should take an interdisciplinary approach to derive indi-
ces of longitudinal change, tackling issues from different angles 
to bring us closer to understanding the neural basis of cognitive 
change.
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