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Abstract 

Cognitive deficits are common in Parkinson’s disease (PD) and 
reduce quality of life, yet they are often overlooked in clinical practice 
and respond poorly to standard medication. Working memory updat-
ing (WMU) training has shown to improve WMU performance and 
dopaminergic availability in healthy populations. As PD is character-
ized by dopaminergic depletion, WMU training may represent a 
promising intervention. This thesis investigated the feasibility, effects, 
and experience of WMU training in people with PD. 

A feasibility study and single-subject study (study I) indicated that 
WMU training is feasible, and improvements were observed in cogni-
tion, motor function, and functional brain response. 

In study II, 86 people with PD were randomized to 30 sessions of 
WMU training or active control. Findings demonstrated improve-
ments immediately after training for the WMU group on cognitive 
tests that share cognitive processes with the training tasks, and these 
gains were maintained four months after training. Broader cognitive 
improvements were observed at follow-up, suggesting delayed trans-
fer effects to untrained domains. Self-reported psychological health 
remained stable. 

Study III focused on the experience of cognitive training via semi-
structured interviews with 18 people with PD. Three themes were 
identified: commitment to the training, receiving feedback during 
training, and inspiration to apply strategies from training to everyday 
life. 

In sum, this thesis provides evidence that WMU training in people 
with PD is feasible and leads to measurable cognitive benefits. Im-
provements were observed on tasks that share cognitive processes 
with the training, and after four months in broader cognitive do-
mains. The findings further indicate that emotional, motivational, and 
metacognitive processes develop during training and transfer to eve-
ryday life. Together, these results suggest that WMU training can en-
hance aspects of cognitive ability and cognitive efficiency in people 
with PD.  
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Enkel Sammanfattning på Svenska 

Kognitiva svårigheter, såsom uppmärksamhets- och minnessvå-
righeter, är vanliga vid Parkinsons sjukdom och kan påverka livskvali-
tet påtagligt. Trots detta uppmärksammas kognitiva symtom ofta för 
lite i vården, och svarar dessutom dåligt på de läkemedel som vanligt-
vis används för att behandla sjukdomen. Därför behövs nya sätt att 
stödja kognitiva funktioner hos personer med Parkinsons sjukdom. 

En lovande möjlighet är kognitiv träning som fokuserar på att 
uppdatera sitt arbetsminne. Arbetsminnesuppdatering gör att vi un-
der en kort stund kan ta in ny, relevant information och samtidigt 
släppa gammal, irrelevant information. Vår uppdateringsförmåga är 
betydelsefull i många situationer, till exempel när vi följer instrukt-
ioner, löser problem, eller är delaktig i ett samtal med flera personer 
samtidigt. Forskning på friska personer har visat att uppdateringsträ-
ning kan förbättra förmågan att uppdatera arbetsminnet och även 
höja nivåerna av signalsubstansen dopamin i hjärnan. Eftersom Park-
insons sjukdom kännetecknas av brist på dopamin har det föreslagits 
att denna typ av kognitiv träning skulle kunna vara särskilt användbar 
för personer med sjukdomen. 

Denna avhandling har i tre studier undersökt om uppdaterings-
träning är genomförbar, vilka effekter den har på kognition och psy-
kisk hälsa, samt hur personer med Parkinsons själva upplever trä-
ningen. 

Studie I bestod av en genomförbarhetsstudie och en fallstudie där 
en deltagare följdes före, under och efter träningen. Resultaten visade 
att uppdateringsträningen var genomförbar för personer med Parkin-
sons och deltagaren i fallstudien visade förändringar i kognitiva test-
resultat, motorik och i funktionell hjärnaktivitet efter avslutad trä-
ning. 

Studie II var en dubbelblind randomiserad kontrollerad studie. 
Här deltog 86 personer med Parkinsons sjukdom som genomförde 30 
träningspass. Hälften genomförde uppdateringsträningen medan den 
andra hälften genomförde en aktiv kontrollträning. Deltagarna testa-
des före träningen, direkt efter och fyra månader efter avslutad trä-
ning. Uppdateringsgruppen förbättrade sina resultat på kognitiva test 
som mätte uppdatering, dvs de kognitiva processer som tränades, di-
rekt efter träningsperioden och bibehöll dessa effekter fyra månader 
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senare. Vidare sågs mer generella kognitiva förbättringar först vid 
uppföljningen, vilket kan tolkas som att effekterna kan sprida sig till 
andra kognitiva domäner med tiden. Överlag förblev den självrappor-
terade psykiska hälsan stabil under studieperioden. 

Studie III undersökte hur deltagarna själva upplevde den kogni-
tiva träningen. Genom intervjuer med 18 personer med Parkinsons 
identifierades tre teman: ett starkt engagemang i träningen, betydel-
sen av att märka egna kognitiva förändringar under träningsperioden, 
samt inspiration att använda strategier och tankesätt från träningen i 
vardagen. Deltagarna beskrev också hur känslor och motivation spe-
lade en viktig roll för att träningen skulle få betydelse i det dagliga li-
vet. 

Sammantaget visar resultaten att uppdateringsträning är genom-
förbar för personer med Parkinsons sjukdom. Den kan ge förbättring-
ar i uppgifter som mäter samma kognitiva processer som träningen 
och även mer övergripande kognitiva förbättringar som framträder 
senare. Studierna visar dessutom att känslor, motivation och medve-
tenhet om ens egna kognition utvecklas under träningen, vilket var 
relaterat till att föra över träningen till vardagen. Tillsammans tyder 
dessa resultat på att uppdateringsträning kan förbättra aspekter av 
kognitiv förmåga och sättet att använda sin kognition.   
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Abbreviations 

AC Active control 
CIS Checklist Individual Strength 
CT  Cognitive training 
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LOPD Late-onset Parkinson’s disease 
MCI Mild cognitive impairment 
MMSE Mini Mental State Examination 
PD  Parkinson’s disease 
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TMT Trail Making Test 
WM  Working memory 
WMU  Working memory updating 
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Introduction 

When people actively monitor and code new information that is 
relevant for the task at hand, while letting go of old, irrelevant infor-
mation, they are using the cognitive function called working memory 
updating (WMU; Miyake et al., 2000). Training WMU through the 
performance of challenging cognitive tasks that are often executed 3-5 
times a week for 20-45 minutes, has shown to lead to improvements 
in WMU performance as well as increased dopaminergic availability 
and striatal activity after training (Bäckman et al., 2011; Bäckman et 
al., 2017; Dahlin et al., 2008; Kühn et al., 2013). These findings sug-
gest that WMU training may represent a promising non-
pharmacological intervention for supporting cognitive function in 
people with Parkinson’s disease (PD), where a shortage of dopamine 
is a neurobiological characteristic (Tanner & Ostrem, 2024) and cog-
nitive deficits are a common occurrence (Aarsland et al., 2017; 
Domellöf et al., 2015). On another note, dopamine also plays an im-
portant role in psychological health (Basile et al., 2021; Orth et al., 
2022). For instance, in people with PD, higher levels of anxiety and 
depression have shown to be associated with diminished dopamine 
transporter (DAT) availability (Weintraub et al., 2005). Furthermore, 
Fellman et al. (2018) reported a decrease in depressive symptoms in 
people with PD after WMU training, which potentially illustrates the 
malleability of the dopaminergic system through WMU training. 

Taken together, these findings demonstrate how dopamine is 
connected to WMU and psychological health, as well as how WMU 
training has been able to modulate neurobiological networks. The 
current thesis focuses on WMU training in people with PD, and aims 
to examine the feasibility, effects, and experience of WMU training in 
people with PD. Three studies form the foundation for the thesis. 
Study I is a feasibility and single-case study that assessed change in 
cognition, psychological health, functional brain response, and goal-
directed movement after completion of working memory updating 
training. The second study examined the effects of working memory 
updating training on cognition and psychological health for people 
with PD through a randomized controlled trial. Lastly, study III inves-
tigated the experience of cognitive training for people with PD. 
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The thesis is organized into three sections. I will start by providing 
an overview of the research field. Afterwards, I will describe the de-
signs, methodologies and results of the three empirical studies, and I 
will close with a discussion and synthesis of the findings. 

Clinical Characteristics of Parkinson’s Disease 
Parkinson’s disease (PD) is the second most common neuro-

degenerative disorder with a current estimation of more than 6 mil-
lion patients worldwide. A twofold increase in numbers has occurred 
since 1990 and numbers are expected to continue rising (Dorsey & 
Bloem, 2018). The diagnosis of PD is based on the presence of motor 
symptoms, such as slowness of movement, tremor, rigidity, and pos-
tural instability (Postuma et al., 2015). Besides the characteristic mo-
tor symptoms, patients experience non-motor symptoms, such as 
cognitive deficits, depression, anxiety, pain and gastrointestinal dis-
orders (Rodriguez-Blazquez et al., 2021; Schapira et al., 2017). Such 
symptoms can be observed during the prodromal phase of the disease, 
with patients often having experienced non-motor symptoms for ten 
years before definite diagnosis (Mahlknecht et al., 2015). Moreover, 
close to all people with PD report at least one non-motor symptom at 
time of diagnosis (Erro et al., 2012). PD is a heterogenous disorder 
and therefore several attempts at classifying PD into subtypes have 
been recorded over the years, yet to date such subtypes have shown 
temporal instability and an inability to be reproduced in other da-
tasets (Mestre et al., 2018; Outeiro et al., 2023).  

As PD is a progressive neurodegenerative disorder, both motor 
and non-motor symptoms gradually become worse over time, leading 
to a continuous decrease in functional mobility (Ou et al., 2021; 
Shulman et al., 2008). People with PD and their close relatives also 
report that especially non-motor symptoms have a negative effect on 
their quality of life (Grün et al., 2016; Martinez-Martin et al., 2011). 
Nevertheless, non-motor symptoms often go underrecognized in the 
clinic yet have started to receive more attention during the past two 
decades (Chaudhuri et al., 2010). 

One type of non-motor symptoms are cognitive deficits, such as 
memory, attention, and executive functioning. Cognitive difficulties in 
daily life are reported by 85% of people with PD (Barbosa et al., 2019) 
and studies show that 25% of people with PD can be classified as hav-
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ing a mild cognitive impairment (MCI) (Aarsland et al., 2010). Such 
deficits display a progressive decline with approximately 80% of peo-
ple with PD being diagnosed with Parkinson’s disease dementia 
(PDD) after 20 years (Gallagher et al., 2024; Hely et al., 2008). 

The cognitive deficits are heterogenous in people with PD and in-
clude difficulties in executive functions, processing speed, attention, 
episodic memory, and visuo-spatial abilities (Aarsland et al., 2021; 
Aarsland et al., 2017; Elgh et al., 2009; Gonzalez-Latapi et al., 2021). 
Cognitive symptoms in people with PD can occur early in the disease 
and studies highlight the presence of cognitive impairments during 
the prodromal phase of the disease with especially difficulties in exec-
utive functions being apparent (Fengler et al., 2017; Weintraub et al., 
2017). Furthermore, the occurrence of cognitive impairments increas-
es the likelihood of being diagnosed with Parkinson’s disease demen-
tia (PDD) later in the disease (Bäckström et al., 2022; Domellöf et al., 
2015) and cognitive symptoms have a negative impact on quality of 
life (Kudlicka et al., 2014; Leroi et al., 2012). Hence, the investigation 
of interventions that target cognitive symptoms in PD is an important 
area for more research. 

Another type of non-motor symptom that is often experienced by 
people with PD is symptoms of anxiety and depression. Estimates in-
dicate that up to 35% of people with PD have clinically relevant de-
pressive symptoms (Barone et al., 2009; Reijnders et al., 2008) and 
20% of those who suffer from depressive symptoms indicate comor-
bid anxiety (Brown et al., 2011). Furthermore, depression can be ex-
perienced in the prodromal phase of PD and persist as the disease 
progresses (Aarsland et al., 2012). People with PD who experience 
symptoms of depression and anxiety have shown to report a lower 
level of quality of life (Lawrence et al., 2014; Quelhas & Costa, 2009). 
Connections between cognitive and affective symptoms have also 
been reported, whereby people with PD who experienced depressive 
symptoms had a faster decline in cognitive function (Andersson et al., 
2021) as well as cognitive symptoms being more common in people 
with PD who experience affective symptoms (Alzahrani & Venneri, 
2015). 
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Working Memory Updating 
WMU is a core executive function, which is a set of higher-order 

cognitive functions that guide goal-directed behavior and exert super-
visory control over other cognitive processes (Baddeley, 2012). 
Miyake’s model of executive functions describes three interrelated yet 
distinct components (Miyake et al., 2000). These components are 
shifting (i.e. the ability to smoothly switch between two cognitive 
tasks), inhibition (i.e. the ability to inhibit automatic responses in or-
der to stay focused on the task at hand), and working memory updat-
ing (i.e. the ability to let go of information stored in working memory 
and take on new information relevant for the task at hand).  

Furthermore, working memory updating can be distinguished 
from other components of working memory, such as active and pas-
sive working memory (Adams et al., 2018; Bruyer & Scailquin, 1998; 
Vecchi et al., 2005; Waris et al., 2015). Passive working memory is the 
ability to maintain mental representations over a short period of time 
and can also be referred to as short-term memory. Here, the focus is 
on storage of information, often measured through single span tasks 
where a list of items is presented to a participant who recalls them 
immediately in the same order. Active working memory, on the other 
hand, refers to the manipulation of such representations, whereby 
information is transformed. Complex span tasks aim to measure ac-
tive working memory through asking participants to immediately re-
call and manipulate a list of stimuli (Adams et al., 2018). 

A substantial body of research shows that WMU is strongly asso-
ciated with fluid intelligence, with some studies suggesting that per-
formance on WMU tasks explains a large proportion of the variance in 
fluid intelligence measures (Friedman et al., 2006; Wongupparaj et 
al., 2015). Importantly, fluid intelligence is a robust predictor of a 
range of outcomes, including education achievement and various in-
dicators of physical and mental health across the lifespan (Deary, 
2012), which further highlights the central role of WMU in complex 
cognition. However, other studies have demonstrated that it is espe-
cially one’s ability to maintain information in working memory that is 
correlated to fluid intelligence (Frischkorn et al., 2022). 
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Neurobiology of Parkinson’s Disease and Dopamine’s Role in 
Cognition and Psychological health 

The pathological hallmark of Parkinson’s disease is the loss of do-
paminergic neurons within the substantia nigra (Kalia & Lang, 2015). 
However, neuroinflammation and Lewy pathology also occur in a 
progressive manner in people with PD (Hirsch & Standaert, 2021; 
Tiwari & Pal, 2017). The depletion of dopamine affects the functional-
ity of the striatum, which is defined as the major hub of the basal gan-
glia and plays a role in multiple complex behaviors, such as motor 
control and reward learning (Prager & Plotkin, 2019). Findings sug-
gest that the striatum can be divided into three sections based on its 
functionality (Basile et al., 2021; Orth et al., 2022) and projections 
from the midbrain (Bonelli & Cummings, 2007; Papenberg et al., 
2019). First, the caudate nucleus has connections with the dorsal pre-
frontal cortex, receives input from the mesocortical pathway and has 
been described as the cognitive part of the striatum. Second, the ven-
tral striatum is innervated by dopaminergic projections from the 
mesolimbic pathway and has connections to limbic areas of the brain, 
often defined as the affective part of the striatum. Third, the putamen 
has connections with the sensorimotor cortex and receives input from 
the nigrostriatal pathway, often described as the motor part of the 
striatum.  

In relation to cognition, dopaminergic activity is associated with 
WMU. Studies in healthy participants have shown that the level of 
dopamine available in the striatum is correlated to performance on 
tests that aim to measure WMU test performance (D'Esposito & 
Postle, 2015; Fallon et al., 2015; Marklund et al., 2009). Moreover, 
working memory capacity has been associated with baseline level of 
dopaminergic activity within the striatum (Cools et al., 2008), where-
by people with a decreased WM capacity demonstrated lower dopa-
minergic synthesis. Within the PD population, WMU deficits have 
been measured in PD patients when their dopaminergic medication 
has worn off and performance on WMU tasks has been suggested as a 
potential candidate to a cognitive marker of PD, thereby being able to 
differentiate between people with PD and healthy controls (Salmi et 
al., 2020). Taken together, these studies demonstrate that working 
memory and WMU in particular seem to be dependent on dopamin-
ergic activity within the striatum. 
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Substantial evidence shows that dopamine also contributes to 
psychological health (Basile et al., 2021; Orth et al., 2022). Within the 
PD population, presynaptic dopamine transporter (DAT) availability 
has been linked to the severity of affective symptoms (Prange et al., 
2022). For example, people with PD who report more anxiety, apathy, 
or depression often exhibit more pronounced reductions in DAT 
availability (Erro et al., 2012; Santangelo et al., 2015; Weintraub et al., 
2005). However, the literature remains inconsistent, with some stud-
ies reporting a positive correlation between DAT density and affective 
symptoms in people with PD (Ceravolo et al., 2013) and others finding 
no association between DAT availability and affective symptoms (Park 
et al., 2019). These divergent findings may reflect the influence of 
neuroplastic processes occurring throughout disease progression, as 
well as the multifactorial and heterogeneous pathophysiology under-
lying depression in PD (Ahmad et al., 2023). For instance, dysfunc-
tion of other neurotransmitter systems, e.g. the serotonergic and nor-
adrenergic, has also been related to depression in people with PD 
(Jellinger, 2022). 

Lastly, dopamine plays a central role in the regulation and initia-
tion of voluntary movement, particularly through its influence on the 
fronto-striatal motor network (Redgrave et al., 2010). Studies have 
reported shorter movement onset times following levodopa admin-
istration, which increases dopamine availability in the brain 
(Haslinger et al., 2001; Spay et al., 2019). This evidence supports the 
idea that dopamine facilitates the initiation and coordination of goal-
directed motor behavior. However, resting tremor, another common 
motor symptom of PD, is less related to dopamine deficiency in the 
striatum (Dirkx et al., 2016; Moustafa et al., 2016). 

Treatment for Parkinson’s Disease and the Growing Interest in 
Non-pharmacological Interventions 

To date, there is no curative treatment for PD, yet pharmacologi-
cal treatments can lessen symptoms. Standard treatment for people 
with PD involves Dopamine Replacement Therapy (DRT) which aims 
to increase cerebral dopamine level (Connolly & Lang, 2014). Early in 
the disease, DRT has shown to have a good effect on several motor 
symptoms. However, with time people with PD experience side ef-
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fects, such as dyskinesias, which are involuntary, often smooth 
movements, as well as on-off fluctuations (Huot et al., 2013). 

As non-motor symptoms are diverse and thought to have different 
neurobiological underpinnings beyond the dopaminergic system, the 
picture concerning the effectiveness of pharmacological interventions 
becomes more complex. Some non-motor symptoms, such as mood 
and sleep disturbances, have shown to react positively to DRT, whilst 
others, of which cognitive symptoms are one, have been regarded as 
therapy-resistant (Vorovenci et al., 2016). Other studies have shown 
that DRT leads to both deleterious effects and benefits for different 
cognitive domains, potentially demonstrating the inverted U-shaped 
model of dopaminergic stimulation whereby both insufficient and ex-
cessive levels of dopamine are related to cognitive deficits (Roy et al., 
2018).  

When cognitive symptoms become more advanced and start to af-
fect one’s ability to perform activities of daily life, studies have shown 
that acetylcholinesterase inhibitors may improve symptoms of de-
mentia (Kalbe et al., 2024). However, for cognitive symptoms of a 
milder nature, there is currently no pharmacological treatment that is 
recommended for people with PD (Weintraub et al., 2022). 
Polypharmacy is furthermore common in this population, leading to 
unwanted drug interactions (Bhagavathula et al., 2022). Several re-
search groups have therefore been advocating for safe, non-
pharmacological interventions that are able to positively influence 
cognitive symptoms and improve quality of life for people with PD 
(Bega et al., 2014; Li et al., 2016; Sharpe et al., 2020). Non-
pharmacological interventions are defined as nonmedicinal, theoreti-
cally based, replicable interventions that are either group-based or 
individual and address social, psychological, physical, lifestyle, or en-
vironmental factors to improve symptoms of patients, reduce disabil-
ity, better manage an illness or optimize health care needs (Kooijmans 
et al., 2025). 

Cognitive Training as a Non-pharmacological Intervention to 
Support Cognition 

Cognition-oriented treatments are a group of non-
pharmacological interventions where different techniques are used to 
engage cognitive functions with the goal to improve or maintain cog-
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nitive abilities in daily life (Bahar-Fuchs et al., 2019). Within this 
group, different types of cognition-oriented treatments can be de-
fined, as depicted in Figure 1, with their own goals and methods of 
action, i.e. cognitive training, cognitive rehabilitation, and cognitive 
stimulation (Mowszowski et al., 2010). In cognitive stimulation ther-
apy, participants will perform activities that aim to improve cognitive 
and social functioning often in group format, e.g. discussion or remi-
niscence. Cognitive rehabilitation focuses on identifying cognitive dif-
ficulties in daily life and learning strategies to improve or compensate 
for these difficulties. It can also include the third type of cognition-
oriented treatment, i.e. cognitive training. 

 
Figure 1 
Overview of the Different Types of Cognition-oriented Treatments 

 

 
 
Cognitive training is subdivided into strategy-based cognitive 

training and process-based cognitive training (Bahar-Fuchs et al., 
2019). In strategy-based cognitive training, participants learn strate-
gies that can support task performance during cognitive tasks, e.g. 
mnemonic strategies to support episodic memory. Process-based cog-
nitive training, however, has the goal to increase the capacity of basal 
cognitive processes, e.g. working memory or inhibition. Here, partici-
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pants repetitively execute cognitive tasks under increasing task de-
mands over time. Nowadays process-based cognitive training is often 
computerized and can either focus on several cognitive functions (i.e. 
multi-domain training) or one specific type of cognitive function (i.e. 
single-domain). 

The effect of cognitive training on cognitive functioning has been 
debated throughout the years (McCabe et al., 2016; Redick, 2019; 
Simons et al., 2016; Smid et al., 2020; van Heugten et al., 2016). 
However, a similar pattern of results has been seen across studies ex-
amining the effects of cognitive training. Studies demonstrate that 
cognitive training leads to improvements in the trained task and near-
transfer tasks (i.e. tasks that measure the same or closely related cog-
nitive abilities as those trained) in both healthy populations and peo-
ple with cognitive impairments (Kelly et al., 2014; Mowszowski et al., 
2016; Zhang et al., 2019). Often effect sizes of such near-transfer out-
comes measures are small to moderate in size, ranging from 0.2 – 0.7 
(Kelly et al., 2014; Melby-Lervåg et al., 2016; Rodas et al., 2024; 
Zhang et al., 2019). However, question marks remain linked to far-
transfer effects, the long-term effects of training and its influence on 
everyday functioning (Kelly et al., 2014; Nguyen et al., 2019; Sala et 
al., 2019; Simons et al., 2016; Zhang et al., 2019). Furthermore, the 
research field is characterized by a range of methodological limita-
tions, including small sample sizes, the use of passive control groups, 
lack of blinding among participants and researchers, and reliance on 
single outcome measures (McCabe et al., 2016; Redick, 2019). More 
research with better methodological designs is needed. 

Process-based Cognitive Training for People with Parkinson’s 
Disease 

Cognitive training for people with PD has also received increased 
scientific attention and a wide range of training programs have been 
employed to assess its effects. Two recent meta-analyses examining 
diverse process-based cognitive training programs in people with PD 
concluded that there is evidence that cognitive training leads to im-
provements in global cognition, abstract reasoning, executive func-
tions and short-term memory (Gavelin et al., 2022; Giustiniani et al., 
2022). Furthermore, process-based cognitive training is now recom-
mended as a possible treatment for people with PD with a mild cogni-
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tive impairment (MCI) (Kalbe et al., 2024). However, the field is also 
characterized by shortcomings similar to those observed in the broad-
er cognitive training literature (Kalbe et al., 2018) and few studies 
have examined the long-term effects of cognitive training (Gavelin et 
al., 2022) 

Most commonly, process-based cognitive training trials within the 
PD population make use of a multi-domain training regime in which 
participants practice various cognitive tasks for 45 minutes three 
times per week on average (Gavelin et al., 2022). For example, Van De 
Weijer et al. (2020) used a cognitive training program that focused on 
attention, working memory, episodic memory, psychomotor speed, 
and executive function. Such a design makes it difficult to determine 
whether the observed effects can be attributed to specific components 
of the training or to the program as a whole. Exceptions to these mul-
ti-domain cognitive training trials for people with PD can also be 
found, as RCTs have examined the effects of single-domain training of 
attention (Cerasa et al., 2014), speed of processing (Edwards et al., 
2013), working memory (Ophey et al., 2020), and working memory 
updating (Fellman et al., 2018). These studies show improvements on 
tests that share cognitive processes with the training tasks (i.e. near-
transfer, which will be further discussed in a later section), yet do not 
show improvements in cognitive tests on more distantly related cogni-
tive domains (i.e. far transfer) (Cerasa et al., 2014; Edwards et al., 
2013; Fellman et al., 2020; Ophey et al., 2020). One way to advance 
the field is to focus on the underlying mechanisms of cognitive train-
ing, for example by testing training regimes that have been shown to 
engage neurobiological constructs relevant to the population under 
study (Smid et al., 2020). 

Working Memory Updating Training and its Neurobiological Un-
derpinnings 

Since WMU is modulated by dopaminergic activity in the stria-
tum, several studies have investigated if the dopaminergic system 
changes in response to WMU training. Within healthy populations, 
studies have reported that the dopaminergic network adapts as a 
function of WMU training (Pappa et al., 2020; Salminen et al., 2016). 
For example, Dahlin et al. (2008) demonstrated improved cognitive 
performance and a higher degree of striatal activity during a WMU 
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task in young and older adults after five weeks of WMU training. 
Bäckman et al. (2011) further investigated the same training regime 
and showed that WMU training also led to a higher release of dopa-
mine after the intervention in healthy, younger participants. These 
findings were then replicated and extended in a similar population 
(Bäckman et al., 2017), where the same increase in dopamine was 
measured after training. Moreover, a decrease in activity in fronto-
parietal areas has been reported after WMU training (Dahlin et al., 
2008; Pappa et al., 2020), which are areas of the associative subsys-
tem of striatum, primarily playing a role in cognitive functions (Orth 
et al., 2022). Kühn et al. (2013) also reported training-related changes 
in striatal areas, whereby a rapid increase in striatal activity was seen 
after one week of WMU training, which was maintained after 50 days 
of training.  

Taken together, these imaging studies point to the malleability of 
the dopaminergic system through WMU training. This suggests that 
WMU training could be an interesting candidate as a non-
pharmacological intervention for people with PD, where dopamine 
depletion is a core neurobiological finding. Furthermore, dopamine 
has especially been related to WMU and less so to other executive 
functions, i.e. inhibition and shifting (Korkki et al., 2023). Adding to 
this, criticism of cognitive training studies has highlighted a lack of 
mechanistic theory underlying the observed changes (Smid et al., 
2020). In response, our research team decided to examine WMU 
training as a single-domain, process-based cognitive intervention in 
individuals with PD.  

To date, one randomized controlled trial has focused on WMU 
training in people with PD (Fellman et al., 2018), which reported 
improvements in cognitive performance on untrained tasks that were 
structurally similar to the training (i.e. task-specific near transfer), as 
well as reductions in depressive symptoms. Future well-designed 
studies are necessary to further investigate the effects of WMU in the 
PD population.  

Transfer after Cognitive Training 
The ultimate goal of cognitive training is to improve cognitive 

functioning in everyday life. Accordingly, both training gains and 
transfer effects are essential concepts to consider. First, studies are 
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recommended to assess changes in the targeted cognitive function by 
including both trained and untrained tasks that measure the same 
cognitive function. For example, WMU training studies should incor-
porate a criterion task, identical or highly similar to the training tasks, 
to assess training gains, as well as additional tasks that measure the 
same cognitive function but differ from the trained tasks. This ap-
proach allows for a more robust evaluation of whether training en-
hances WMU as a cognitive ability, rather than merely producing 
task-specific improvements (Noack et al., 2014).  

In addition to improvements in the trained function, it is essential 
to determine whether training generalizes to other cognitive domains 
that share limited overlap with the trained ability, commonly referred 
to as transfer (Greenwood & Parasuraman, 2016) and which will also 
be referred to as transfer in the remainder of this text. To evaluate 
this, studies are advised to employ a comprehensive battery of cogni-
tive tests to determine whether improvements extend beyond the 
trained domain. 

Transfer effects are often categorized into near, intermediate, and 
far transfer. Near transfer refers to improvements on untrained tasks 
that rely on cognitive processes similar to those engaged during train-
ing, whereas far transfer refers to improvements in more distantly 
related cognitive domains, often reflecting broader cognitive or func-
tional outcomes. Intermediate transfer is often used to describe ef-
fects that fall between these two levels of similarity (Noack et al., 
2009). However, these distinctions are not consistently defined, and 
there is no clear consensus regarding the criteria used to differentiate 
them (Noack et al., 2014; Pappa et al., 2021; von Bastian et al., 2022). 
Demonstrating far transfer is particularly important, as it provides 
stronger evidence that cognitive training generalizes beyond the spe-
cific tasks practiced and may have meaningful implications for every-
day functioning.  

Beyond defining and measuring transfer, there are differing per-
spectives on the mechanisms underlying transfer and the conditions 
necessary for such effects to occur following cognitive training. Focus-
ing on underlying mechanisms, the neuronal overlap hypothesis pro-
poses that transfer to untrained tasks depends on the extent to which 
training and transfer tasks recruit overlapping neural substrates 
(Noack et al., 2014). In other words, when training tasks engage spe-
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cific neural networks that are also involved in untrained tasks, im-
provements are more likely to generalize. Empirical support for this 
hypothesis has been provided by Dahlin et al. (2008), who showed 
that transfer effects were associated with a shared, training-related 
increase in brain activity for both the criterion task and the near-
transfer task within the striatum, which was already engaged prior to 
training. After training, striatal activation had increased (in both 
young and older participants) while frontoparietal activation had de-
creased (in the younger participants). Improvements after training 
were observed in a cognitive task that showed striatal activation at 
pre-test (i.e. n-back which measures WMU), whilst no improvements 
were seen in another task that did not rely on the same activation pat-
tern at pretest (i.e. Stroop which measures inhibition). These findings 
suggest that transfer occurs when criterion and transfer tasks rely on 
overlapping cognitive processes and neural substrates. 

Another theory on the mechanisms of transfer focuses on the de-
gree of overlapping cognitive processes in training and transfer tests 
(Sprenger et al., 2013). Transfer to non-trained tasks relies upon their 
degree of dependency of the cognitive processes that have been 
trained. For example, after WMU training, one would expect to see 
larger improvements in tests that measure other executive functions 
as opposed to tests that measure cognitive domains with less overlap 
with the cognitive domain trained during training (e.g. language). 
This means that if training leads to an improved ability within a cer-
tain cognitive domain, then tasks that tap into this cognitive domain 
will also show improvements in a gradient fashion (Noack et al., 
2014).  

A third explanation for transfer to other cognitive tests following 
cognitive training involves the strategies used during training and test 
performance. Instead of an improved cognitive ability after training, 
this perspective focuses on a more efficient, flexible usage of one’s 
cognitive capacity, for example via using strategies that improve cog-
nitive performance (Lövdén et al., 2010; von Bastian et al., 2022). 
Studies have demonstrated how strategy use improves performance 
on tasks that allow the same training-related strategies to be em-
ployed (Dunning & Holmes, 2014; Laine et al., 2018), yet that such 
strategies will rarely transfer to untrained tasks (von Bastian et al., 
2022). 
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Beyond identifying patterns and mechanisms of transfer, it is also 
important to consider the conditions under which transfer is likely to 
occur. First, evidence states that the cognitive training must create a 
mismatch between functional supply and task demands, thereby chal-
lenging the individual at a level that surpasses their current perfor-
mance (Lövdén et al., 2010). For example, cognitive training may en-
sure such a mismatch by placing increasing demands on one’s updat-
ing ability. In addition, training should be administered with suffi-
cient frequency and duration. For instance, when comparing 24 ver-
sus eight training sessions over eight weeks, only the more intensive 
training schedule resulted in transfer effects (von Bastian & Oberauer, 
2014).  

Taken together, future studies must transparently define and 
measure both training gain as well as training-related transfer (i.e. 
near, intermediate and far transfer). Moreover, effective cognitive 
training programs should be of sufficient duration and incorporate 
adaptive difficulty levels to ensure that participants are continuously 
challenged. 

Cognitive Training and its Effect on Psychological Health in 
People with Parkinson’s Disease 

Psychological (or mental) health is defined by the World Health 
Organization as “a state of mental well-being that enables people to 
cope with the stresses of life, realize their abilities, learn and work 
well, and contribute to their community” (World Health Organization, 
2026). Within the field of cognitive training, psychological health is 
most commonly measured with patient reported outcome measures 
(PROM), which are questionnaires or rating scales that gather subjec-
tive information regarding a certain condition (in this case psycholog-
ical health) directly from the participant and transform subjective 
qualities into quantitative measures (Krogsgaard et al., 2021). 

Evidence regarding the effects of process-based cognitive training 
on psychological health in PD is mixed. Several studies have assessed 
self-reported depression (Fellman et al., 2018; Ophey et al., 2020; 
París et al., 2011; Petrelli et al., 2014) as well as quality of life 
(Monticone et al., 2015; Ophey et al., 2020; París et al., 2011; Petrelli 
et al., 2014; Reuter et al., 2012). While some trials have reported re-
ductions in depressive symptoms following cognitive training 
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(Fellman et al., 2018; Petrelli et al., 2014), others found no such ef-
fects (París et al., 2011). Moreover, Ophey et al. (2020) demonstrated 
more depressive symptoms over time in both the cognitive training 
group and the passive waitlist control group in their study. The au-
thors interpreted this finding as potentially related to general study 
participation, whereby the participants were confronted more with 
their PD. Nevertheless, the above-mentioned studies all consisted of 
people with PD who had few depressive symptoms, with most partici-
pants scoring below the clinical cut-off for mild depression. A similar 
inconsistency is observed for quality of life outcomes. For instance, 
París et al. (2011) reported no training-related changes in a self-
reported measure of quality of life, whereas Pena et al. (2014) demon-
strated better functional disability after cognitive training, which is 
closely related to quality of life.  

Two recent meta-analyses, which included self-report measures of 
psychological health and quality of life, concluded that cognitive 
training does not reliably improve these domains in PD (Gavelin et 
al., 2022; Giustiniani et al., 2022). Overall, few studies have incorpo-
rated psychological or quality of life outcomes. Consequently, the field 
emphasizes the need for future cognitive-training research in PD to 
include broader, non-cognitive outcome measures (Kalbe et al., 2018; 
van Heugten et al., 2016). 

The Experience of Cognitive Training in People with PD 
In the field of cognitive training, qualitative studies are few in 

comparison to the number of quantitative studies. Furthermore, qual-
itative studies foremost focus on evaluating the cognitive training 
program, e.g. advantages/disadvantages of the training program 
(Eskilsson et al., 2020), participants’ opinion about the training for-
mat (Contreras et al., 2016; Haesner et al., 2015), or which changes 
can be made to the set-up to ensure lower drop out (Beishon et al., 
2022). Moreover, a qualitative methodology is oftentimes used as an 
add-on to the mainly quantitative assessment of feasibility (Hoffman 
et al., 2023).  

Such qualitative assessments of feasibility are essential to ensure 
cognitive training programs are accepted and meaningful for the tar-
get population, yet they do not fully grasp the experience of partici-
pants. Questions regarding if and how participating in cognitive train-
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ing can enhance understanding of one’s own cognitive processes, if 
the training is meaningful, and which emotions are connected to 
starting cognitive training, are often disregarded. One possible expla-
nation is the prevailing view of cognitive training as a largely mecha-
nistic process in which participants “simply” need to complete suffi-
ciently challenging cognitive exercises for a specified duration for 
cognitive change to occur. To date, the field has shown limited inter-
est in how participants engage and reflect on cognitive training, or 
how their experience of cognitive training influences people’s daily 
life. Given that quantitative findings remain mixed and show substan-
tial variability in measured outcomes, qualitative research may be 
particularly valuable for illuminating experiential aspects of cognitive 
training that could inspire and inform future studies.  

The iPARK Trial 
In summary, the scientific field of cognitive training for people 

with PD requires methodologically robust studies that systematically 
examine the effects of such interventions on both cognitive function-
ing and psychological health. Future research should be grounded in 
clear theoretical frameworks that guide the selection of cognitive 
training approaches and the measurement of outcomes. Additionally, 
incorporating qualitative methods is essential to capture participants’ 
subjective experience of cognitive training. Collectively, these consid-
erations informed the conceptualization of the iPARK trial. 

The iPARK trial is a randomized controlled trial designed to as-
sess the effects of WMU training in people with PD. During its devel-
opment, key methodological challenges and theoretical inconsisten-
cies in the field were carefully addressed. Accordingly, the trial incor-
porates an active control group, employs a double-blind procedure 
with a parallel-group design, and recruits a sufficiently large sample 
to ensure adequate statistical power. Furthermore, outcome measures 
were selected to capture both training-related gains and varying de-
grees of transfer effects. The study also includes a long-term follow-up 
assessment, conducted four months after training, alongside 
measures of psychological health. Finally, a qualitative component 
was integrated to explore participants’ experience of cognitive train-
ing and to examine perceived transfer to everyday functioning.  
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Aims of the Thesis 

This thesis focuses on the feasibility, the effects, and the experi-
ence of WMU training in people with PD.  

More specifically, study I aims to assess the feasibility of WMU 
training for people with PD and measure change observed in a selec-
tion of behavioral, self-reported and brain imaging outcomes (study I) 
after WMU training in one person with PD. Study II aims to examine 
the immediate and long-term effects of WMU training on cognition 
and psychological health for people with PD, while study III aims to 
investigate how people with PD experienced cognitive training. 

 
The studies have the following specific research questions: 

1. Is WMU training feasible for people with PD to complete, and 
can change be observed in cognitive performance, self-reported 
psychological health, goal-directed upper-limb movement, and 
functional brain response in one individual with PD after com-
pletion of WMU training? 

2. In comparison to an active control group, does working 
memory updating training for people with PD lead to im-
provements in: 
a. the trained tasks? 
b. untrained cognitive tasks (transfer effects)? 
c. self-reported everyday cognitive function and psychological 

health? 
Moreover, are improvements (if any) maintained four months 
after training? 

3. How do people with PD experience a process-based cognitive 
training program? Here, the study focused on engagement dur-
ing training as well as how the training influenced everyday 
life.  
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Method 

Design 
Study I had a pre-post design and included several types of out-

come measures to assess change after WMU training in cognitive per-
formance, psychological health, goal directed movement and cerebral 
activity. Study II is a double-blinded, randomized controlled trial with 
an active control group and parallel group design to assess the effects 
of WMU training. Study III is a qualitative study that focused on the 
experience of cognitive training in people with PD through individual 
interviews.  

Participants 
In study I, participants were recruited from a population-based 

study on idiopathic parkinsonism, i.e. the NYPUM project at Umeå 
University Hospital, Sweden. Inclusion criteria were: 1) definite or 
probable PD according to United Kingdom Parkinson’s Disease Brain 
Bank; 2) Mini Mental State Examination above 24; and 3) no addi-
tional severe diseases or psychological disorders. Thirteen partici-
pants were invited to participate in the study of which four partici-
pants agreed. One participant did not complete the intervention due 
to personal reasons. One of the remaining three participants was di-
agnosed with MCI according to the criteria of the Movement Disorder 
Society (Litvan et al., 2012). The single subject (referred to as FL) is 
female, 47 years old, less than two years since diagnosis of PD accord-
ing to the UKPDSBB-criteria, Hoehn and Yahr stage I, no other dis-
eases in the CNS, and intact cognitive function. 

In study II, all participants were recruited via the Neurology Clinic 
at Norrlands University Hospital. The following inclusion criteria 
were used in the study: 1) diagnosis of PD according to United King-
dom Parkinson’s Disease Brain Bank; 2) Hoehn and Yahr stage I-III; 
3) pathological dopamine transporter scan; 4) a score of 24 or higher 
on the Mini Mental State Examination; 5) stable medication over the 
past three months; and 6) access to and ability to use a home-based 
computer with internet connection. The exclusion criteria were: 1) 
unstable medication; 2) ongoing cognitive training; 3) diagnosis of 
Parkinson’s disease dementia; 4) ongoing drug or alcohol abuse. 5) 
other diseases of the central nervous system or other serious medical 
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condition. The study invited 240 individuals to participate, of whom 
96 consented and completed the pre-test assessment. Ten partici-
pants were excluded at pre-test as they did not meet the inclu-
sion/exclusion criteria. The remaining 86 participants were then ran-
domized to one of the two arms of the study (stratified by sex and 
age), i.e. the WMU training intervention and an active control (AC) 
intervention. 

In study III, all participants who had completed either the WMU 
or AC intervention no earlier than a year ago were invited to partici-
pate in a semi-structured interview about their experience of cognitive 
training. Twenty-three participants were invited to participate, of 
which 18 agreed and completed the interview. 

Intervention 

Working Memory Updating Training 
In the feasibility study, the WMU training incorporated six com-

puterized tasks that were performed on-site at Umeå university, three 
times a week for five weeks in total. The first task was the Letter 
Memory test, in which the participant was presented with ten coun-
terbalanced lists of the letters A-D with varied lengths (5-15 letters). 
The letters were presented one at a time, two seconds per letter. In-
structions were to recall the four last presented letters in the correct 
order when the list presentation ended. The participant responded on 
a computer keyboard using four adjacent keys with the corresponding 
letters taped over the keys, i.e. A=index finger, B=middle finger, 
C=ring finger, D=little finger. This task was not adaptive to the per-
formance of the participant.  

In four of the other tasks, the participant was presented with five 
lists of items and asked to recall the last four presented items, which 
are often referred to as running span tasks. The lists consisted of let-
ters, colors, spatial locations, and numbers. The length of these lists 
varied to be sufficiently demanding throughout the training period 
with low (4-7 items), medium (6-11 items) and high (5-15 items) cog-
nitive demands. All items were presented sequentially for a duration 
of 2 seconds per stimulus with an inter-stimulus interval of 1 second. 
When a participant scored over 80% correct in a certain training task, 
they advanced to a higher level. The participant responded on a com-
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puter keyboard using four adjacent keys with the corresponding stim-
uli taped over the keys or clicking on the correct stimuli on the com-
puter screen (i.e. for the training task with spatial locations as stimu-
li).  

The sixth and last task differed slightly from the other training 
tasks as participants were instructed to mentally place a list of words 
into different semantic categories that were presented on the screen 
as boxes (i.e. animals, professions, countries, clothes, relatives and 
sports). After the presentation, the participant was requested to type 
the last presented word in each category under the matching box. 
Here, difficulty levels consisted of low (three target categories), medi-
um (four target categories) and high (five target categories). Two ver-
sions of this task were used in each training session. 

In the single-subject study, all training was home-based in re-
sponse to feedback from the feasibility study participants. The first 16 
training sessions consisted of the following tasks: the Letter Memory 
Test as described above and the running span training tasks with col-
ors, spatial locations, categories and letters as stimuli. Total training 
time was 45 minutes. After 16 sessions, an adaptation was made to the 
training program in order to reduce the total time spent training per 
day (as proposed by the feasibility participants and FL). Thereby, the 
last 14 sessions consisted of a total training time of 20 minutes per 
day and included the four running span training tasks (colors, spatial 
locations, categories and letters as stimuli). Responses were provided 
through typing or clicking on the correct stimuli on the computer 
screen.  

This last version of the WMU training that FL completed was sub-
sequently used in the randomized controlled trial (study II). The 
training was web-based and adaptive, and consisted of 30 sessions 
(20 minutes per session, 4-5 times a week for 6-8 weeks). In total, the 
goal was to complete 30 sessions. Figure 2 provides a schematic over-
view of the training used in study II. Further details can be found in 
the study protocol of study II (Domellöf et al., 2020). 
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Figure 2 
Schematic Overview of the Working Memory Updating Training 

 
 

Low-dose Short-term Memory Training 
The active control group completed a low dose short-term 

memory program. It was visually and structurally identical to the 
WMU training from study II except that only four stimuli are sequen-
tially presented. Thereby, participants were not practicing working 
memory updating and the same difficulty level was maintained 
throughout the training. Evidence has also demonstrated that four to 
five stimuli can be held in the focus of attention at one time (Cowan, 
2011). 

Outcome Measures 
Table 1 provides an overview of the different outcome measures 

used in the three studies.  

Cognitive Measures 
Study I and II used a selection of cognitive tests to assess training 

gain and transfer after cognitive training. First, training gains were 
assessed using the Letter Memory task as the criterion test. This task 
closely resembles the version used during training but incorporates a 
slightly different motor response and a time constraint on responses, 
making it somewhat more demanding than the training task. Both the 
total number of correct responses as well as the number of correctly 
reported 4-letter sequences were used as outcome measures from the 
Letter Memory criterion test.  
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To measure transfer, a selection of cognitive tests was used in 
study I and II. Based on the theory of overlapping cognitive domains, 
the cognitive tests were subdivided into different levels of transfera-
bility, i.e. near, intermediate, and far transfer tasks (Melby-Lervåg et 
al., 2016). Two near-transfer tasks, digit running span and n-back, 
were used to measure working memory updating and combined into a 
composite score. Four intermediate transfer tests were used to meas-
ure working memory and executive functions and formed two compo-
sites respectively. Digit Span and Letter-Number sequencing, both 
from WAIS-IV (Wechsler, 2008) to assess the ability to maintain and 
manipulate information in WM, while inhibition and shifting were 
measured with the Color-Word interference test and the Trail Making 
Test (TMT), both from D-KEFS (Delis et al., 2001). Far transfer tests 
consisted of measures of episodic memory (Buschke’s Selective Re-
minding Test (Buschke, 1973), problem solving (Matrix Reasoning 
(WAIS-IV)) and mental- and psychomotor speed (CWIT part 1 and 2, 
Coding (WAIS-IV) and TMT part 2 (D-KEFS). Episodic memory and 
problem solving were assessed as separate tests, while CWIT part 1 
and 2, Coding, and TMT 2 formed the mental and psychomotor speed 
composite. 

Self-reported Psychological Health 
Self-reported psychological health was assessed with the following 

self-report questionnaire: the Prospective Retrospective Memory 
Questionnaire (PRMQ; Crawford et al., 2003) which assesses every-
day memory failures; the Hospital Anxiety and Depression Scale 
(HADS, depression and anxiety seen as separate constructs; Zigmond 
& Snaith, 1983) that assesses symptoms of depression and anxiety; 
the Parkinson’s Disease Questionnaire (PDQ-39; Jenkinson et al., 
1997) that assesses function and wellbeing related to PD; and the 
Checklist Individual Strength (CIS; Worm-Smeitink et al., 2017) that 
assesses fatigue. 

Brain Imaging 
Functional brain response was measured at pre- and post-test in 

the single-subject part of study I. A 3T GE Discovery MR750 scanner 
equipped with a 32-channel head coil was used for data acquisition. 
Imaging parameters were as follows: echo time = 30 ms, repetition 
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time = 2,000 ms, flip angle = 80°, field of view = 25 × 25 cm, matrix 
size = 96 × 96, slice thickness = 3.4 mm, and 37 slices. The in-scanner 
assessment included both the Letter Memory test and the n-back task. 

Goal-directed Movement 
Hand tremor and goal-directed upper-limb movements were as-

sessed at pre- and post-test in the single-subject component of study 
I. Postural and resting tremor were measured unilaterally and bilater-
ally while participants were seated with the arm either extended or 
flexed with elbow support. Goal-directed upper-limb function was 
evaluated using a task in which participants pressed three buttons se-
quentially with the left or right index finger (unimanual) or with both 
index fingers simultaneously (bimanual) (Johansson et al., 2012). 
Participants wore spherical passive markers on the head, shoulders, 
elbows, wrists, and index fingers, and movements were recorded with 
a six-camera optoelectronic system (ProReflex, Qualisys Inc., 
Gothenburg, Sweden) 
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Table 1  
Overview of the Three Studies 

 Study I Study II  Study III 

Design Pre-post single-group and single-subject 
design 

Double-blinded, randomized controlled trial 
with an active control group and parallel group 
design 

Qualitative study using individual, semi-
structured interviews 

Intervention Feasibility study: 15 sessions of on-site, 
computerized WMU training, 3 times a 
week, 45 minutes per session 
 
Single-subject study: 30 sessions of home-
based, computerized WMU training, 4-5 
sessions per week, 45 minutes per session 
at the start, which was reduced to 20 min 
following feedback from the participant 
 

30 sessions of home-based, computerized WMU 
training or low-dose short-term memory (active 
control group) training, 4-5 sessions per week of 
20 minutes, total of 6-8 weeks 

30 sessions of home-based, computerized 
WMU training or low-dose short-term 
memory training (active control group), 4-5 
sessions per week of 20 minutes, total of 6-8 
weeks 
 

Participants Feasibility study (n = 3); single-subject 
study (n = 1) 

86 participants (42 WMU; 44 AC) 18 participants (10 WMU; 8 AC) 

Outcome 
Measures 

Feasibility measures: acceptability, 
practicality, self-reported change in cogni-
tion, and compliance. 

 
Cognition: 
Criterion Test: Letter Memory test;  
Near-transfer tasks: digit memory running 
span and n-back; Intermediate transfer 

Cognition: 
Criterion Test: Letter Memory test;  
Near-transfer tasks: digit memory running span 
task and n-back;  
Intermediate transfer tests: digit span (WAIS-
IV), spatial span (inhouse constructed visuospa-
tial WM task), CWIT inhibition cost (D-KEFS), 
TMT switching cost (D-KEFS);  

Semi-structured, individual interviews 
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tests: digit span (WAIS-IV), letter number 
sequencing, CWIT inhibition cost (D-
KEFS), TMT-4 switching cost (D-KEFS); 
Far transfer tests: Buschke’s Selective Re-
minding test, Matrix Reasoning (WAIS-IV), 
Coding (WAIS-IV) and TMT-2 (D-KEFS). 
Self-reported psychological health: 
PRMQ, HADS, PDQ-39, CIS 
Functional brain response: fMRI dur-
ing task performance 
Goal-directed movement and hand 
tremor: Movement kinematics during rest 
and a goal-directed movement test 
 

Far transfer tests: Buschke’s Selective Remining 
test delayed recall, Matrix Reasoning (WAIS-IV), 
Coding (WAIS-IV), TMT-2 (D-KEFS), CWIT 
part 1 and 2.  
Construction of composites to reflect the as-
sessment of cognitive abilities. 
 
Self-reported psychological health: PRMQ, 
HADS anxiety, HADS depression, PDQ-39 

Method of 
data analysis 

Feasibility measures and pre-post 
behavioral outcome measures: visual 
inspection of the data 
Functional brain response: pre-
processing and analysis of three contrasts 
with General Linear Model 
Goal-directed movement: 2 (test: 
pre/post) × 2 (side: right/left) × 2 (task: 
bi/unimanual) factorial design 
 

Multi-level models according to Hesser et al. 
(2015) 

 

Reflexive thematic analysis (Braun & Clark, 
2021) 

  

My role as 
PhD student 

Data analysis of the feasibility and behav-
ioral outcomes measures, manuscript writ-
ing 

Creation of data analysis plan, data analysis, 
manuscript writing 

Study planning and conceptualization, data 
collection, data analysis, manuscript writing 
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Data Analysis 
In study I, the data on cognitive test performance and self-

reported psychological health was examined through visual inspection 
of the z-score change from pre- to post-test. Pre- to post-test differ-
ences in the kinematic data were analyzed with a 2 (test: pre/post) × 2 
(side: right/left) × 2 (task: bi/unimanual) factorial design. Concerning 
the fMRI data, a whole brain analysis was applied with a general line-
ar model for each paradigm (i.e. Letter Memory and n-back) respec-
tively. The contrast (updating vs rest) was used to assess the pre to 
post changes during the Letter Memory test. Two contrasts (2-back − 
1-back) and (3-back − 1-back) were used to assess the pre to post 
changes during the n-back test.  

Study II employed multi-level models to assess the effect of WMU 
over time in comparison to an AC group in terms of cognitive test per-
formance and self-reported psychological health. Multi-level models 
were chosen as the data analysis method as it accounts for the correla-
tion between repeated observations and does not exclude participants 
who have missing data (Hesser, 2015). Furthermore, Bayesian anal-
yses were performed to assess robustness of the results. 

In study III, reflexive thematic analysis was applied to analyze the 
data from semi-structured, individual interviews (Braun & Clarke, 
2021).  

Open Science Practices 
The studies within this thesis are based within the Open Science 

practices to allow for more transparency in scientific procedures. 
First, all articles were and will be published with open access, ensur-
ing availability of the results to all people with access to the internet. 
Secondly, studies II and III are pre-registered at the pre-registration 
website clinicaltrials.gov (identifier: NCT03680170) and the study 
protocol was published (Domellöf et al., 2020). Thirdly, the data 
analysis plan for study II was published on the Open Science Frame-
work website osf.io prior to data analysis. Combined with this, the 
code from the open-licensed, statistical software R will be published 
in the same OSF platform. 

Beyond the above actions that are related to the scientific field, I 
have reached out to the Swedish Parkinson's Association where I have 
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met people with PD over coffee and cake (i.e. Swedish fika) on a regu-
lar basis. They have taught me so much about what it means to have 
PD and I have been able to share my research work in a more infor-
mal setting with people with PD. Furthermore, findings from the 
three studies have been presented at various scientific conferences as 
well as at the yearly gathering of the Swedish Parkinson's Association 
in Värmland and Umeå, ensuring dissemination to other sectors be-
sides the research community. 

Ethical Considerations 
The studies that are part of this thesis were conducted in accord-

ance with the Declaration of Helsinki and were approved by the Swe-
dish Ethical Review Authority or the former Umeå Ethical Review 
Board (Dnr. 09- 049M and Dnr. 2016/110-31).  

The studies adhered to the four ethical principles outlined by the 
Swedish Research Council (2024), namely the requirements of infor-
mation, consent, confidentiality, and use for research purposes. Prior 
to the start of the study, all participants received both written and 
verbal information detailing the study’s purpose and the nature of 
their participation. Participants were informed that participation was 
voluntary, that they retained the right to access and control their data, 
and that they could withdraw from the study at any time without any 
consequences for their current or future care. They were also given 
the opportunity to ask questions to the research personnel before 
providing written informed consent. Moreover, a neurologist with ex-
pertise in PD was available throughout the study to oversee and ad-
dress any medical concerns or adverse events.  
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Empirical Studies 

Study I: The Effects of Working Memory Updating Training in 
Parkinson’s Disease: A Feasibility and Single-Subject Study on 
Cognition, Movement and Functional Brain Response 

Aims  
Study I had the following aims: 1) to assess the feasibility of WMU 

training and examine change in cognitive test performance after com-
pletion of the training in individuals with PD; 2) to examine change in 
cognitive test performance, self-reported psychological health, goal-
directed movement, and functional brain response in one individual 
with PD after completion of the WMU training program.  

Method 
This two-part study incorporated a feasibility study and a single-

subject study. Both parts had an uncontrolled pre- and post-test de-
sign. The feasibility study included three individuals with PD who met 
on-site three times a week to perform computerized WMU training. 
Outcome measures consisted of the criterion tests and feasibility 
measures. In the single-subject study, one participant with PD aged 
47 was included. Changes in cognitive test performance were captured 
via a neuropsychological test battery, whilst self-reported question-
naires were used to measure psychological health (Table 1). In addi-
tion, goal-directed movement and cerebral activity were measured at 
pre- and post-test.  

Findings 
Nine of the thirteen invited participants in the feasibility part de-

clined participation. However, four out of five participants included 
(including the single-subject participant) completed the WMU train-
ing regime. The feasibility outcome measures showed that the WMU 
training program was deemed as acceptable and engaging by the par-
ticipants, while cognitive improvements were seen in the criterion 
test.  

The single-subject part of the study displayed gradient improve-
ments in cognitive test performance, with largest changes seen in are-
as with strongest connections to WMU. Mixed results were observed 
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related to psychological health, potentially due to baseline levels being 
within the normal range. Furthermore, increased striatal activity was 
seen at post-test together with smoother motor measures with faster 
onset times.  

Conclusions  
Study I demonstrated that WMU training was feasible for people 

with PD to complete and that changes were seen in several domains 
with links to WMU in one individual with PD. These findings sup-
ported the continued investigation of WMU training in people with 
PD and informed subsequent adaptations to the training protocol im-
plemented in the second study.  
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Study II: The Effects of Working Memory Updating Training on 
Cognition and Psychological Health in People with PD 

Aims  
This study aimed to assess the immediate and long-term effects of 

a WMU training program for people with PD in terms of cognitive test 
performance and psychological health  

Method  
This study made use of data from the iPARK trial, a double-blind 

randomized controlled trial with a parallel-group design and active 
control group. 86 people with PD were randomized to WMU training 
or a low-dose, short-term memory training (i.e. active control group). 
The training schedule consisted of 20 minutes of cognitive training, 4-
5 times a week, 6-8 weeks long, for a total of 30 sessions. Test per-
formance as well as self-reported motivation and concentration were 
assessed during training. A battery of cognitive tests and self-report 
questionnaires were administered at pre-test (T0), post-test (T1), and 
follow-up (T2, i.e. four months after training), see Table 1. Data was 
analyzed using multi-level models. Both intention-to-treat, per proto-
col, and Bayesian analyses were performed and compared to each 
other. 

Findings 
Forty-two participants started WMU training of which 39 com-

pleted the training and the post-test assessment. Thirty-five partici-
pants completed at least 24 training sessions (i.e. 80% of the training 
sessions). Seven participants withdrew during the WMU training in-
tervention, and three more did not complete T2. Reasons for study 
discontinuation during the intervention were training-related stress 
and self-reported pain. Two other participants who did complete T1 
also indicated that they experienced the WMU training as stressful. 
Drop-out rates did not differ significantly between the WMU and AC 
group, nor were there any significant differences between dropouts 
and T2-completers on baseline characteristics. 
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There was a significant time by group interaction for motivation, 
whereby the WMU group showed decreased motivation over time (p = 
.003). This decrease was small with an average of 3.3 to 3.0 on a 5-
point Likert scale (1=not motivated – 5=very motivated). For concen-
tration, no time by group interaction effect was observed (p = .70), yet 
the WMU group reported lower concentration in general compared to 
AC (p = .02). 

There was a significant group by time interaction in which the 
WMU improved more than the AC in trained tasks (ps < .01) and the 
near-transfer composite (p < .01) from T0 to T1. These improvements 
were maintained at T2 and a total cognition composite (consisting of 
all tests measuring untrained cognitive domains) showed larger im-
provements for the WMU compared to the AC at T2 (p < .03).  

Furthermore, there was a significant group by time interaction in 
which the AC showed a larger decrease in depressive symptoms from 
T0 to T2 than the WMU (p = .02). Moreover, a main effect of time 
was observed for the PRMQ score from T0 to T2 (p = .003, d = 0.48), 
indicating an overall increase in self-reported cognitive difficulties 
across participants. Detailed results from the intention-to-treat anal-
yses can be seen in Table 2. 
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Table 2 
Immediate and Long-Term WMU Training Effects on the Cognitive Test Perfor-
mance and Self-reported Psychological Health 
 

 T0 to T1 T0 to T2 
Variables Beta SE p Cohen’s 

d 
Beta SE p Cohen’s 

d 
Criterion test         
Letter Memory correct 
4-letter sequences 

0.94 0.34 .005 1.37 0.32 0.33 .33 0.47 

Letter Memory total 
correct  

1.04 0.24 <.001 1.40 0.40 0.24 .10 0.54 

Near transfer         
Updating composite 0.47 0.15 .002 1.03 0.14 0.15 .34 0.31 
Intermediate trans-
fer 

        

Working Memory 
composite 

0.09 0.13 .43 0.25 0.18 0.13 .15 0.47 

Executive Functions 
composite 

-0.08 0.09 .39 -0.28 -0.01 0.10 .91 -0.03 

Far transfer          
Mental and Psychomo-
tor composite 

0.14 0.09 .11 0.52 0.07 0.09 .40 0.28 

Selective Reminding 
Test delayed recall 

0.02 0.19 .92 0.02 0.32 0.18 .07 0.38 

Matrix Reasoning -0.04 0.19 .84 -0.07 0.19 0.19 .32 0.34 
Total cognition 
composite 

0.07 0.06 .28 0.35 0.14 0.06 .03 0.75 

Psychological 
Health  

        

Subjective Cognitive 
Complaints (PRMQ) 

-0.15 0.16 .34 0.30 0.08 0.16 .63 0.15 

HADS depression 0.20 0.14 .16 0.45 0.35 0.15 .02 0.79 
HADS anxiety 0.06 0.16 .69 0.13 -0.07 0.16 .65 -0.15 
Quality of life (PDQ-
39) 

-0.04 0.13 .74 -0.11 0.14 0.13 .29 -0.36 

Note. Estimates represent the average difference in change over time between the 
WMU group and the STM training group; Cohen’s d is calculated as the difference in 
mean change over time between the WMU group and the STM training group, divided 
by the residual standard deviation of the model (Feingold, 2009). 
 

As both groups performed a type of cognitive training, it is of in-
terest to assess the effect sizes per group, as seen in Table 3. A gradi-
ent pattern can be seen in the effect sizes of the WMU group, with the 
largest effects in the criterion tests, followed by near-transfer 
measures and smaller effects on far-transfer measures. The mental 
and psychomotor speed composite did follow this pattern, as it exhib-
ited a large effect size. The AC group did not show such a clear gradi-
ent change, yet did show moderate effect sizes in criterion, near, and 
intermediate transfer measures, as well as large effect sizes at follow 
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up for several cognitive measures. Both groups also demonstrated 
large effect sizes for the total cognition score at T1 and T2. 
 
Table 3 
Effect Sizes for the Two Groups Separately  
 
 WMU AC 
Variables T0 to T1 T0 to T2 T0 to T1 T0 to T2 
Criterion test     
Letter Memory correct 4-letter 
sequences 

2.15 1.52 0.79 1.01 

Letter Memory total correct  1.78 1.49 0.38 0.93 
Near transfer     
Updating composite 1.63 1.32 0.60 1.01 
Intermediate transfer     
Working Memory composite 0.77 0.80 0.52 0.34 
Executive Functions composite 0.34 0.65 0.62 0.68 
Far transfer      
Mental and Psychomotor com-
posite 

0.93 1.36 0.41 1.08 

Selective Reminding Test de-
layed recall 

-0.01 0.54 -0.03 0.16 

Matrix Reasoning 0.29 0.54 0.35 0.20 
Total cognition composite 1.15 1.73 0.80 0.98 
Psychological Health      
Subjective Cognitive Complaints 
(PRMQ) 

0.05 0.57 0.36 0.41 

HADS depression 0.05 0.16 -0.40 -0.63 
HADS anxiety 0.03 -0.24 -0.10 -0.08 
Quality of life (PDQ-39) 0.13 -0.37 0.24 -0.02 
Note. Estimates represent the average difference in change over time per group; Co-
hen’s d is calculated as mean change over time for each group divided by the residual 
standard deviation of the model (Feingold, 2009). 

Conclusions 
WMU training produced short-term improvements on cognitive 

tests that were closely aligned with the trained tasks, and these im-
mediate gains were maintained at follow-up. In addition, the WMU 
group demonstrated greater improvement in the total cognition score 
at follow-up, suggesting delayed transfer effects to cognitive domains 
that were not directly trained. Importantly, the pattern of improve-
ments across cognitive measures appeared to be gradient, which is 
consistent with theories of cognitive overlap. This may indicate that 
the intervention enhanced underlying WMU abilities rather than 
merely increasing efficiency. In general, self-reported psychological 
health remained stable, yet, at T2, the AC group exhibited a reduction 
in depressive symptoms compared to the WMU group. 
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Taken together, these findings suggest that WMU training can 
yield both immediate benefits in trained tasks and delayed improve-
ments in broader cognitive functioning. Thereby, WMU training may 
represent a promising non-pharmacological intervention for support-
ing cognitive functioning in people with PD.  
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Study III: The Experience of Process-Based Cognitive Training in 
People with Parkinson’s Disease: A Route to Transfer to Every-
day life 

Aims 
This study aimed to explore the experience of process-based cog-

nitive training among individuals with PD, with particular emphasis 
on how participants engaged with the training and how they applied 
the training in their everyday lives. 

Method 
Semi-structured, individual interviews with 18 participants (WMU 

group = 10 participants; AC group = 8 participants) after having com-
pleted 6-8 weeks of cognitive training. Interviews were held digitally 
or via telephone. Data were analyzed using reflexive thematic analysis 
(Braun & Clarke, 2021). 

Findings 
Three overarching themes were conceptualized that captured the 

participants’ active engagement with the training, the meaning of re-
ceiving proof of improvements during cognitive training, as well as 
the participants’ integration of cognitive training into everyday life. 
Results demonstrated that participants who started integrating cogni-
tive training into everyday life were those who experienced the train-
ing as more motivating, overcame emotional difficulties during train-
ing, and experienced a change in self-confidence as a result of receiv-
ing proof of improvements, as depicted in Figure 3. The experiences 
of participants in the WMU and AC groups were largely comparable. 
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Figure 3 
A Visual Overview of the Time-Related Process Experienced by Participants who 

Started Transferring Cognitive Training into Everyday Life. 

 
Note. Several hurdles are included in the figure that made transfer to everyday life 
more difficult.  

Conclusions 
Cognitive training is experienced as more than the passive per-

formance of challenging cognitive tasks over time. Participants adopt-
ed an active and engaged stance, expressing a desire to integrate what 
they had learned into their everyday lives. Future research should ex-
plore how such reflective engagement can be fostered during training 
and examine whether it is associated with training outcomes  
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General Discussion 

This thesis consists of three studies aiming to understand the ef-
fects and the experience of WMU training in people with PD. Study I 
focused on feasibility and measuring change in cognition, psychologi-
cal health, goal-directed movement, and functional brain response. 
Study II examined the effects of WMU on cognition and psychological 
health in people with PD through an RCT, and study III explored the 
experience of WMU training in people with PD. Collectively, the three 
studies contribute to a more comprehensive understanding of WMU 
training in people with PD by addressing feasibility, cognitive and 
psychological outcomes, as well as participant experience. Below, I 
will summarize and reflect on the findings, as well as discuss them in 
relation to previous literature. Furthermore, I will address strengths 
and limitations of the thesis. I have chosen to organize this discussion 
section with the help of the research questions, thereby integrating 
the three studies more thoroughly. 

Feasibility of WMU Training 
The first research question of this thesis was if WMU training is 

feasible for PD patients to complete. Study I demonstrated that three 
of the four participants completed the on-site WMU training regime 
and found it acceptable. However, a web-based option was suggested 
to improve the accessibility of the training and facilitate more fre-
quent training participation. Based on such participant feedback, a 
web-based version was developed and evaluated in a single-case 
study. This web-based program was regarded as feasible, although the 
participant perceived it as too time-consuming. Consequently, the 
session duration was reduced to 20–25 minutes after 15 sessions, and 
this revised regime was then implemented in study II. 

Study II provided more robust evidence on the feasibility of WMU 
training, as 42 participants started WMU training of which 39 com-
pleted the training and the post-test assessment. Furthermore, most 
participants completed more than 80% of the training sessions. Find-
ings from study III also demonstrate that participants were easily able 
to fit WMU training into their everyday life as they reported it to be-
come part of their daily routine and expressed engagement in the 
cognitive training. Therefore, when looking at evidence from all three 
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studies, it can be concluded that WMU training is feasible for people 
with PD to complete, which is in line with other feasibility studies on 
cognitive training for people with PD (Foster et al., 2018; Hoffman et 
al., 2023; Van De Weijer et al., 2020). 

Effects of WMU Training on Cognitive Performance 
Concerning the effects of WMU training on cognitive performance 

in people with PD, results from study 1 suggested that the single par-
ticipant showed a pattern of gradient improvements with the largest 
gains observed in criterion and near-transfer tasks, followed by in-
termediate transfer tasks and limited far-transfer effects. However, 
these changes should be interpreted with caution, as they may also 
reflect practice effects or other non-specific factors due to lack of a 
control group. 

Study II, with its stronger methodological design, is better suited 
to address these questions. Findings showed that WMU training led 
to improvements in the trained tasks as well as a near-transfer com-
posite, yet limited gains were seen in far transfer tests. Such im-
provements in trained, and near-transfer tasks as well as absent far-
transfer effects are in line with previous research on cognitive training 
in both healthy and PD populations (Costa et al., 2014; Fellman et al., 
2018; Li et al., 2021; Melby-Lervåg et al., 2016; Pappa et al., 2020; 
Soveri et al., 2017; von Bastian et al., 2024; Waris et al., 2015). More-
over, to clarify which test drove the near-transfer effect in the compo-
site score, a post hoc analysis revealed that the digit memory running 
span task was the primary contributor, while n-back performance re-
mained stable in both groups. A lack of transfer to near transfer 
measures that show structural differences from the trained tasks 
(such as n-back in this case) have been observed after WMU training 
in older healthy adults and people with PD  (Dahlin et al., 2008; 
Fellman et al., 2018) and may reflect age- and disease-related con-
straints on transfer. 

Examining effect sizes can provide insight into the magnitude and 
direction of potential effects. Given that study II included a strong 
control group who also engaged in cognitive training, it is therefore 
informative to examine effect sizes within each group. In the WMU 
group, a gradient pattern of improvement was observed, with the 
largest effect sizes in the criterion composite, followed by more mod-
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erate effects sizes for the near and intermediate composites, and small 
effect sizes on far transfer, except for the mental speed composite. 
However, mental speed is closely related to working memory and ex-
ecutive functions, and their development and decline tend to co-vary 
across the lifespan (Diamond, 2013). Thus, the strong effect size for 
the mental speed composite is noteworthy and may suggest that 
WMU training influences processing speed. Within the AC groups, 
such a gradient pattern is not observed, yet considering the large ef-
fect sizes seen in several cognitive measures, it can be assumed that 
these findings are more than test-retest effects and allude to the AC 
training already leading to cognitive improvements for our popula-
tion. Nevertheless, as the study does not have a passive control group, 
these results should be interpreted cautiously 

As alluded to in the introduction, the cognitive training literature 
has long debated whether observed training gains reflect changes in 
underlying cognitive abilities or the adoption of task-specific strate-
gies (Lindenberger et al., 2017; Lövdén et al., 2010; von Bastian et al., 
2022). Some accounts argue that improvements primarily arise from 
more efficient strategies tailored to the trained tasks, while others 
suggest that training can induce more general changes in the targeted 
cognitive processes (Laine et al., 2018; Schmiedek et al., 2010; von 
Bastian et al., 2022). In the present study, the evidence may point to 
both possibilities. Findings consistent with a strategy account include 
the large gains observed in the digit memory running span task, 
alongside limited effects on n-back performance. The digit memory 
running span task closely resembles the criterion task, making it more 
amenable to the adoption of task-specific strategies learned during 
training. Moreover, study III, which focused on participants’ experi-
ences, indicated that participants developed greater awareness of 
their cognitive processes and reported applying strategies and new 
knowledge from cognitive training in everyday life. 

Findings from this thesis that align with a change at the ability 
level are the clearer graded pattern of improvements after WMU 
training compared to the AC. Also results from the single-case study 
further indicate increased striatal functional brain responses as a 
function of training, along with smoother goal-directed movements 
characterized by shorter onset times. Together, these findings suggest 
that WMU training may influence the dopaminergic system, as has 
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been seen in younger healthy populations (Dahlin et al., 2008; 
Salminen et al., 2016). In conclusion, these findings tentatively indi-
cate that WMU training may contribute to improvements in underly-
ing updating ability, while also fostering task-specific strategies. 

The durability of cognitive training is important, as its practical 
value partly depends on the extent to which effects persist beyond the 
training period. With respect to long-term effects, improvements ob-
served at post-training were maintained at the four-month follow-up 
for both the trained and near-transfer tasks, although the interaction 
effects were no longer significant. More intriguingly, the total cogni-
tion score, comprising tasks not primarily assessing WMU, also im-
proved at follow-up. Such broader cognitive effects at a four month 
follow-up are relatively uncommon, partly because long-term out-
comes of cognitive training in people with PD are less frequently ex-
amined (Gavelin et al., 2022). However, similar delayed improve-
ments have been reported by Ophey et al. (2020) following working 
memory training in people with PD. The mechanism underlying this 
delayed effect remained unclear and the authors suggested that post-
training fatigue or reduced motivation may mask immediate gains. In 
study II, the WMU group’s self-reported motivation during training 
did show a larger decrease over time in comparison to the AC group 
whose motivation level remained stable, yet the decrease in motiva-
tion in the WMU was small. Other speculations concerning such de-
layed effects may include the continuing use of learned strategies, in-
creased engagement in cognitively demanding activities, or changes in 
metacognition, as alluded to in study III. 

Effects of WMU Training on Psychological Health 
Focusing on psychological health, mixed findings were observed 

in study I in relation to self-reported psychological health, potentially 
due to baseline scores being within the normal range. Study II’s find-
ings demonstrated no significant time by group interactions in self-
reported everyday memory failures, quality of life or anxiety at post-
test or follow-up. However, despite neither group showing clinically 
elevated depressive symptoms at pre-test, participants in the AC 
group reported fewer depressive symptoms compared to the WMU 
training group four months after training.  
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The literature on the effects of cognitive training on psychological 
health is limited, and several research groups are calling for more 
work on this topic (Gavelin et al., 2022; Kalbe et al., 2018; van 
Heugten et al., 2016; Walton et al., 2017). In the PD population, some 
studies have observed no change in depressive symptoms after cogni-
tive training (Ophey et al., 2020; París et al., 2011; Reuter et al., 
2012), while other studies showed reduced depressive symptoms both 
immediately after cognitive training (Fellman et al., 2018), and even 
two years after training (van Balkom et al., 2023).  

Notably, in study II, it was the AC group that reported reduced 
depressive symptoms at follow-up. As the AC group trained close to 
identical tasks, yet excluding the updating ability, their training can 
be considered less demanding. Combined with the AC group’s moder-
ate to large effects on several cognitive measures at T2 and their sta-
ble level of motivation during training, this might indicate that the AC 
training was sufficiently challenging and engaging for the partici-
pants. Moreover, study III showed that participants experienced both 
training types as meaningful and challenging, and reported increased 
meta-cognitive awareness and self-confidence. It can be speculated 
that such experiences together with the easier training of the AC 
might explain the decrease in depressive symptoms at follow-up.  

Moreover, in terms of self-reported everyday memory failures, 
a main effect of time was observed indicating an overall increase in 
self-reported cognitive difficulties at follow-up. This may potentially 
be due to the progressive nature of PD, or as a consequence of being 
confronted with one’s cognitive abilities (Ophey et al., 2020). Fur-
thermore, self-reported cognitive difficulties have shown to have a 
significant, yet small association with cognitive test performance in 
older people (Burmester et al., 2016), potentially demonstrating that 
these two outcome measures are indicators of different cognitive phe-
nomena.  This may be a factor to keep in mind when interpreting the 
findings from study II showing overall improvements in cognitive test 
performance and at the same time displaying increased self-reported 
memory failures. Additionally, within the PD population, depressive 
symptoms have shown to be a predictor of subjective cognitive decline 
in people with PD (Ophey et al., 2022). Such patterns were, however, 
not seen in study II’s results, as an overall increase was observed in 
everyday memory failures from pre-test to follow-up, whilst only the 
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AC group reported a larger decrease in depressive symptoms com-
pared to the WMU group from pre-test to follow-up. 

Study III also demonstrated that people with PD experienced 
emotional reactions such as sadness and worry, when becoming 
aware of their cognitive difficulties during cognitive training, which 
may be related to psychological health. Such emotional reactions were 
mostly experienced by the WMU group and thereby might have influ-
enced self-reported depressive symptoms, as the WMU group report-
ed stable depressive symptoms and the AC reported a decrease. Fur-
thermore, when combining the decrease of depressive symptoms in 
the AC group together with their stable self-reported motivation dur-
ing training and their moderate to large effect sizes on several cogni-
tive measures at post-test and follow-up, this might indicate that the 
AC group already benefited from the low-dose short-term memory 
training sufficiently enough to improve cognitive test performance as 
well as serve as an encouragement to engage with cognition in one’s 
daily life, forming an uplifting factor in relation to one’s psychological 
health. This is in line with Diamond and Ling (2020), who concluded 
that effective improvement of executive functions requires interven-
tions that both directly train and challenge executive functions and 
indirectly support them by reducing stress and sadness while enhanc-
ing joy, self-confidence, and social support. 

The Experience of Cognitive Training in People with PD 
The third research question concerned the experience of process-

based cognitive training in people with PD. Study III was conceptual-
ized to answer this research question with a specific focus on engage-
ment during training as well as how participants made use of the 
training in everyday life. In general, study III demonstrated how par-
ticipants were actively engaging with the cognitive training, learning 
more about their cognition, overcoming emotional hurdles, and trans-
ferring lessons learnt from training into everyday life. Beyond sug-
gesting different potential moderating variables concerning the effect 
of cognitive training on both cognitive test performance and psycho-
logical health, study III provides evidence that the participants expe-
rienced process-based training in a much broader, reflective manner 
than the cognitive training field has foremost been interested in. In 
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the following sections, I wish to highlight two especially noteworthy 
findings from study III. 

First, the results show the importance of addressing emotional re-
sponses during cognitive training. At first, participants reported a 
worry concerning their cognitive functions and overall participation 
in cognitive training. Such negative feelings related to cognitive abili-
ties in people with PD have also been reported by Pigott et al. (2024). 
Adding to this, participants in study III indicated that it took courage 
to take part in the study, as they were uncertain about and afraid to 
receive bad news concerning their cognitive abilities. Participants ac-
tively navigated such emotional reactions though and persevered in 
the training. Beishon et al. (2021) highlights the importance of ad-
dressing emotional responses during process-based cognitive training 
for people with MCI or dementia. In that study, three participants 
with Alzheimer’s Disease dropped out due to low confidence and self-
efficacy to complete the training. Similar reactions were observed in 
study II, as three participants reported feeling stressed during cogni-
tive training and two of these participants decided to discontinue the 
WMU training. Collectively, these findings suggest that recognizing 
and addressing individuals’ emotional responses to cognitive difficul-
ties, while simultaneously fostering sustained engagement, is an es-
sential component of cognitive training interventions. Strategies such 
as open discussion, normalization of emotional reactions, and the 
provision of supportive resources may facilitate continued participa-
tion, promote completion of training, and enhance the transfer of 
newly acquired skills and knowledge into daily life. 

Second, the participants in study III reported on the importance 
of observing change during cognitive training. Participants reported 
that perceiving improvements promoted a more positive attitude to-
ward cognitive training and strengthened their beliefs in the mallea-
bility of cognition. Such beliefs have been shown to be positively asso-
ciated with training transfer (Jaeggi et al., 2014), yet contrasting evi-
dence has also been reported in older adults (Guye et al., 2017). Relat-
edly, a study examining the role of feedback during the performance 
of a gamified cognitive task demonstrated that receiving positive, de-
scriptive feedback was associated with greater long-term motivation 
to continue engaging with the task (Burgers et al., 2015). In the pre-
sent work, participants reported that observing their own perfor-
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mance improvements during training led to a sense of increased cog-
nitive self-efficacy and self-confidence. This finding is consistent with 
the review by Gibbor et al. (2021), which synthesized nine qualitative 
studies on cognitive stimulation therapy for people with dementia and 
found that participants commonly experienced enhanced self-
confidence following cognitive training. 

Both the emotional response during training as well as receiving 
feedback were furthermore highlighted by the participants as essen-
tial experiences that led them to transfer cognitive training into their 
everyday lives. This was done through either using strategies from 
cognitive training in their everyday life or using their new under-
standing about their cognitive functions and applying that to everyday 
life situations.  

Theoretical Implications 
The present findings have several theoretical implications. Study I 

offers an in-depth illustration of training-related change at the indi-
vidual level. The participant not only improved on the trained tasks 
but also demonstrated graded improvements on tasks assessing relat-
ed cognitive functions. Importantly, these cognitive improvements 
were accompanied by increased striatal activity following training. 
This finding may suggest that repeated cognitive engagement can 
modulate neural systems implicated in the trained cognitive function 
and is in line with previous studies (Dahlin et al., 2008; Kühn et al., 
2013). Furthermore, the observed improvement in goal-directed 
movement, combined with the absence of change in tremor, may fur-
ther suggest that WMU training specifically engaged the fronto-
striatal network. This interpretation is consistent with evidence show-
ing that goal-directed movement depends on the integrity of this net-
work (Redgrave et al., 2010) and that levodopa administration is as-
sociated with reduced movement onset times (Haslinger et al., 2001; 
Spay et al., 2019). However, given the single-case design, these find-
ings should be interpreted as proof-of-concept rather than evidence of 
generalizable neural reorganization.  

As discussed earlier, studies II and III expand this perspective at 
the group level and suggest that the benefits of WMU training may 
extend beyond task-specific gains, potentially supporting broader 
cognitive improvements through both enhancing cognitive ability (e.g. 
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that the WMU showed gradient changes in the cognitive measures at 
T1 as well as improvements in a broader, untrained cognitive compo-
site at T2) and efficiency (e.g. that both groups reported on creating 
and using strategies as well as an increased awareness of their cogni-
tive functioning). 

Clinical Implications 
This thesis contributes to the clinical field through assessing the 

effects of an intervention focused on cognitive deficits in people with 
PD, an often-overlooked non-motor symptom for which standard 
treatment is currently insufficient. Cognitive symptoms have a strong 
relationship to quality of life and research has been lacking on this 
topic.  

One important fact to highlight in relation to clinical implications 
is the research context of the three studies. Participants were recruit-
ed via the Neurology Clinic at Norrlands University Hospital, having 
been diagnosed by movement disorder-oriented neurologists, which 
increased diagnostic accuracy. However, all activities related to the 
study were performed at Umeå university and were not integrated in-
to the participants care or the hospital department’s ongoing clinical 
activities. This means that caution should be warranted when drawing 
conclusions from these studies into clinical practice, as future re-
search is needed on the feasibility of implementing WMU training in a 
clinical context. Moreover, as study II did not include a treatment-as-
usual group, it is not possible to determine whether WMU training is 
superior to the standard care received by people with PD. Further-
more, the participants in these studies indicated high motivation, had 
a short disease duration, high educational attainment, and low levels 
of anxiety and depression. Such aspects must be considered when re-
flecting on the generalizability of the findings. 

Nevertheless, the results do point out several factors that can be of 
interest for future clinically based studies to reflect on and hopefully 
be inspired by. First, the WMU group in study II demonstrated both 
immediate improvements in the trained tasks and long-term benefits 
in broader cognitive functions. These findings provide encouraging 
evidence that WMU training may represent a promising non-
pharmacological intervention with the potential to improve cognitive 
abilities in individuals with PD. 
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Second, the level of difficulty during cognitive training comes up 
several times in the studies. In study II, both training groups showed 
performance improvements across multiple cognitive tests with gains 
often exceeding typical test–retest effects. In study III, participants 
emphasized that an appropriate level of challenge was central for ex-
periencing motivation or competition with oneself, particularly within 
the WMU group, but this association was also evident among AC par-
ticipants. Taken together, these findings indicate that the AC inter-
vention may already have provided a sufficient challenge to elicit cog-
nitive improvements, implying that the specific training paradigm 
may be less critical than ensuring an adequately demanding task.  
Clinically, these results suggest that cognitive training should be tai-
lored to achieve an optimal level of difficulty that both challenges and 
motivates the individual. 

The findings from study III further indicate that participants are 
actively engaging with and reflecting on cognitive training. Although 
additional research is needed to clarify the relationship between such 
training experiences and changes in cognitive test performance, par-
ticipants described a process through which knowledge and skills 
learnt during training were transferred to everyday life. This high-
lights the potential value of supporting such reflection and facilitating 
discussions that help individuals recognize and apply these strategies 
in daily life. Some concrete suggestions of topics to discuss during 
cognitive training that may encourage motivation during training as 
well as transfer to everyday life are depicted in Figure 4. 
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Figure 4 
Components to Process-based Cognitive Training Together with Concrete Sug-
gestions of Discussion Topics to Enhance Motivation and Transfer to Everyday 
Life 
 

 
Lastly, although neither training group exhibited clinically elevat-

ed levels of depression or anxiety, findings concerning psychological 
health may be of clinical interest. For instance, study II indicated that 
participants in the AC group reported reduced depressive symptoms 
at follow-up. Study III further revealed that participants experienced 
training-related increases in self-confidence, a greater willingness to 
take on everyday challenges, and a sense of achievement, which are 
constructs or experiences commonly associated with psychological 
health. Overall, these findings suggest that cognitive training may in-
fluence psychological health and shows the importance of addressing 
psychological responses to training with participants before, during, 
and after the intervention to ensure adequate support. 

Strengths and Limitations 
There are several strengths and limitations to this thesis. I will 

discuss these different considerations study-wise below.  
Regarding study I, although its multimodal perspective on chang-

es following WMU training is a strength, the overall design can still be 
considered suboptimal. A more rigorous approach would include re-
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peated measurements before, during, and after the intervention 
(Kazdin, 2021; Tate & Perdices, 2020). Such a design would provide a 
more reliable and stable baseline, enable visual inspection of individ-
ual trajectories of change, and offer deeper insight into when and how 
training effects emerge. Together, these design refinements would 
substantially improve the interpretability, reliability, and scientific 
rigor of findings derived from study I. 

Moreover, the participant in this single-subject study has early-
onset Parkinson’s disease (EOPD), defined as the onset of symptoms 
between age 21 - 50 (Mehanna et al., 2022). Evidence suggests that 
EOPD follows a different clinical course than late-onset Parkinson’s 
disease (LOPD), typically showing slower disease progression and po-
tentially requiring a more individualized management approach 
(Bovenzi et al., 2023; Ferguson et al., 2015). With regard to cognitive 
symptoms, Seubert-Ravelo et al. (2016) reported that individuals with 
EOPD exhibit cognitive deficits or mild cognitive impairment (MCI) 
at rates comparable to those with LOPD. However, people with EOPD 
tend to perform better on cognitive screening measures than those 
with LOPD of similar disease duration and also show slower cognitive 
decline over time (Santos-Garcia et al., 2023; Tang et al., 2016). These 
distinctions between EOPD and LOPD may therefore affect the gener-
alizability of the present findings. 

Nevertheless, the strength of study I lies in its solid theoretical 
foundation and the multi-domain scope of its outcome measures. The 
study was motivated by evidence that WMU training is associated 
with increased dopamine availability and enhanced striatal activity in 
healthy individuals. By assessing cognition, psychological health, 
goal-directed movement, and cerebral activity in one individual with 
PD, we were able to characterize patterns of change across multiple 
domains, which has been encouraged in this research field.  

A key strength of study II is the inclusion of an active control 
group that mirrors the intervention in every respect yet does not in-
volve WMU. Many previous intervention studies have relied on pas-
sive controls or have used control interventions that differ substan-
tially from the training program, which can introduce expectation bias 
(Dougherty et al., 2016; Redick, 2019). To reduce this bias and main-
tain blinding, both arms were presented as equivalent interventions. 
Participants and the assessor also reported on the intervention they 
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believed they were allocated to after training, allowing for the evalua-
tion of whether unblinding influences the outcomes. These analyses 
did show that blinding was partial, especially in relation to blinding of 
the assessor. Moreover, unblinding of the assessor showed an effect 
on the immediate outcomes of the working memory composite and 
the total cognition composite within the WMU group, whereby un-
blinding led to smaller improvements of these outcome measures. 
This may indicate that unblinding did not lead to the overestimation 
of effects yet instead minimized them immediately after training.  

Another methodological strength of study II is the use of compo-
sites to obtain more reliable estimates of cognitive performance 
across domains. Combining multiple tests stabilizes variance, reduces 
task impurity, i.e. that most cognitive tasks draw on multiple underly-
ing processes, and improves test–retest reliability (Noack et al., 2014; 
Schmiedek et al., 2014; Smid et al., 2020; Snyder et al., 2015). Ideally, 
each cognitive construct should be measured with at least three indi-
vidual tests and analyzed using a latent-variable approach.  A second-
best approach is the use of composites for each cognitive domain. 
Nevertheless, some domains (e.g., episodic memory and problem 
solving) were still represented by only a single task. It should also be 
noted that composites not only have advantages, as they can also 
mask or dilute effects specific to individual tasks (Schneider & Gold-
berg, 2019). Therefore, we visually inspected all individual outcomes 
over time and examined which specific test was driving change seen 
in the composite. 

In relation to internal and ecological validity, study II includes 
both cognitive test performance and self-reported everyday memory 
failures, allowing for a broader view on cognition and increasing its 
ecological validity. Cognitive test performance and self-reported cog-
nitive difficulties can be seen as complementary measures of cogni-
tion, reflecting different cognitive phenomena (Snyder et al., 2021; 
Toplak et al., 2013), thus combining these measures is an added 
strength to the study. Moreover, a recent literature review reported 
that several of the cognitive tests used in this thesis have good to ex-
cellent reliability and validity, as well as being sensitive to change 
(Biundo et al., 2025). 

On another note, several complementary statistical methodologies 
were applied to strengthen the robustness and interpretability of the 



58 
 
 

findings in study II. For instance, Bayesian analyses were used along-
side traditional frequentist methods to enhance the robustness of the 
conclusions and per-protocol analyses were conducted to examine 
whether results were consistent when restricting the sample to partic-
ipants who fully adhered to the intervention protocol. Employing 
multiple approaches in data analysis reflects the principles of self-
correcting science (Chambers, 2017; Romero & Sprenger, 2020), in 
which conclusions are tested from different methodological angles to 
reduce the likelihood that findings are driven by statistical artifacts or 
data analysis decisions.  

Concerning study III, its strength is foremost its use of a scientific 
methodology, i.e. qualitative analysis, that is scarcely employed in 
cognitive training research. However, one factor that may have influ-
enced the findings of study III is the research context of the study. 
This might have shaped participants’ expectations, encouraging them 
to focus on the more objective outcome measures of cognitive perfor-
mance and psychological health rather than their personal experience 
of the training. Also, as the interviews were held 0 – 13 months after 
completion of cognitive training, this may affect the participants’ abil-
ity to remember their experience of cognitive training, though few 
participants explicitly reported this issue. 

Directions for Future Research 
Several potential avenues for future research emerge from the 

findings of this thesis. First, as the conceptualization of the iPARK 
trial comes from the observation that WMU training led to increases 
in dopaminergic availability in healthy populations, future studies are 
encouraged to assess if such neurobiological changes occur after 
WMU training in people with PD. The findings from study I are in 
support of the hypothesis that WMU training engages the dopaminer-
gic system (through showing increased striatal activity) and displayed 
change in several domains reliant on dopaminergic availability. Larg-
er, well-designed trials assessing the neurobiological underpinnings 
of WMU training are thereby a necessary next step in increasing our 
understanding of this topic.  

 Furthermore, future studies are encouraged to focus on the asso-
ciation between the experience of cognitive training and change in 
cognitive test performance. Through using a mixed-method design, a 
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more thorough integration of quantitative and qualitative results can 
be achieved. One option could be through Qualitative Comparative 
(QCA), which is a set-theoretical approach that identifies the neces-
sary and sufficient conditions for an outcome (Ragin & Rihoux, 
2004). For example, QCA could examine which experiences from 
study III (i.e. conditions) were necessary or sufficient for improve-
ments to occur in the cognitive measures. 

Moreover, future interventions consisting of both process-based 
cognitive training and psychoeducational aspects related to the expe-
riences from study III are of interest. Along these lines, Myklebost et 
al. (2024) has shown that a process-based training program with psy-
cho-educational elements led to improvements in both depressive 
symptoms and self-reported cognitive difficulties in people with de-
pression. Moreover, Aidman (2020) also provides a different perspec-
tive on cognitive training with the Cognitive Fitness Framework theo-
ry. Aidman (2020) suggests that the field needs to combine the differ-
ent ingredients that together focus on training cognitive abilities, 
amongst others process-based cognitive training, psychoeducation, 
and strategy-based methods. Furthermore, there are other examples 
of studies aiming to fuse different cognitive training perspectives 
(Capodieci et al., 2019; Jaeggi et al., 2023; Verhülsdonk et al., 2023). 
It is of interest to examine such interventions in people with PD 
whereby the training focuses on increasing metacognitive knowledge 
and skills, as well as underlying cognitive functions through process-
based cognitive training. 

Lastly, in the heterogeneous population of people with PD, indi-
vidual differences in the effect of process-based cognitive training 
must be further examined. For example, Borella et al. (2017) reported 
that age, education, and baseline WM performance affects training 
gain and transfer after cognitive training in a population of healthy 
older people. Their findings displayed both magnification (i.e. those 
with higher baseline performance improved more) and a compensa-
tion effect (i.e. those with lower baseline performance improved 
more) (Lovden et al., 2012). However, one meta-analysis on the topic 
concluded that the compensation effect has received most support, as 
opposed to the magnification effect (Traut et al., 2021). The examina-
tion of individual differences in the iPARK trial may provide a better 
understanding of who improves most on process-based training. 
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Conclusion 
In sum, the papers included in this thesis provide evidence that 

WMU training for people with PD is feasible, and that it leads to 
measurable cognitive benefits. Specifically, the findings demonstrate 
immediate improvements in cognitive test performance on tasks 
closely resembling the training tasks, alongside delayed improve-
ments that extend to broader, untrained cognitive domains. Beyond 
these performance-based outcomes, the results also offer valuable in-
sight into how people with PD experience cognitive training over time. 
Participants described emotional, motivational, and metacognitive 
changes that emerged and evolved throughout the training period, 
suggesting that cognitive training influences not only cognitive pro-
cesses but also participants’ attitudes toward their own cognitive 
functioning. Taken together, the delayed, broader cognitive improve-
ments measured after WMU training may therefore be dependent on 
both engagement in challenging WMU training tasks enabling in-
creased cognitive ability as well as metacognitive changes acquired 
during cognitive training that support cognitive efficiency. 
  



61 
 
 

Acknowledgements 

To my supervisors, Anna and Magda, thank you for your guid-
ance, patience, support, and encouragement throughout these years 
as a PhD student. It has been quite a rollercoaster. Thank you for be-
lieving in me. 

 
A huge thank you to all the participants of the studies. Your time, 

effort, and willingness to contribute made this research possible. 
 
To my colleagues at the Department of Social and Psychological 

Studies and throughout the university, thank you for the many chats, 
lunches, walks, coffees, chai teas, and knitting breaks that have kept 
me both grounded and (mostly) sane over the years. A special thank 
you to Andreas, Anna Nilstomt, Siri, and Emma. Thank you for the 
laughter, the support, and for making even the most stressful mo-
ments feel manageable. 
 

To Annika Laack and the gang at Café Karlstad, thank you for wel-
coming me to your weekly fika and teaching me so much more about 
what it means to live with Parkinson’s disease.  

 
To my friends and family, thank you for providing balance, laugh-

ter, and perspective when it was most needed.  
 

Finally, to Adriaan, thank you for your consistent support, pa-
tience, rationality, and love throughout this process. 

 
I am truly grateful to each of you for being part of this journey.  



62 
 
 

References 

Aarsland, D., Batzu, L., Halliday, G. M., Geurtsen, G. J., Ballard, C., 
Ray Chaudhuri, K., & Weintraub, D. (2021). Parkinson disease-
associated cognitive impairment. Nature reviews Disease 
primers, 7(1), Article 47. https://doi.org/10.1038/s41572-021-
00280-3  

Aarsland, D., Bronnick, K., Williams-Gray, C., Weintraub, D., Marder, 
K., Kulisevsky, J., Burn, D., Barone, P., Pagonabarraga, J., 
Allcock, L., Santangelo, G., Foltynie, T., Janvin, C., Larsen, J. 
P., Barker, R. A., & Emre, M. (2010). Mild cognitive impairment 
in Parkinson disease: A multicenter pooled analysis. 
Neurology, 75(12), 1062-1069. 
https://doi.org/10.1212/WNL.0b013e3181f39d0e  

Aarsland, D., Creese, B., Politis, M., Chaudhuri, K. R., Ffytche, D. H., 
Weintraub, D., & Ballard, C. (2017). Cognitive decline in 
Parkinson disease. Nature Reviews Neurology, 13(4), 217-231. 
https://doi.org/10.1038/nrneurol.2017.27  

Aarsland, D., Påhlhagen, S., Ballard, C. G., Ehrt, U., & Svenningsson, 
P. (2012). Depression in Parkinson disease - Epidemiology, 
mechanisms and management. Nature Reviews Neurology, 
8(1), 35-47. https://doi.org/10.1038/nrneurol.2011.189  

Adams, E. J., Nguyen, A. T., & Cowan, N. (2018). Theories of working 
memory: Differences in definition, degree of modularity, role of 
attention, and purpose. Language, Speech, and Hearing 
Services in Schools 49(3), 340-355. 
https://doi.org/10.1044/2018_LSHSS-17-0114  

Ahmad, M. H., Rizvi, M. A., Ali, M., & Mondal, A. C. (2023). 
Neurobiology of depression in Parkinson's disease: Insights 
into epidemiology, molecular mechanisms and treatment 
strategies. Ageing Research Reviews, 85, Article 101840. 
https://doi.org/10.1016/j.arr.2022.101840  

Aidman, E. (2020). Cognitive fitness framework: Towards assessing, 
training and augmenting individual-difference factors 
underpinning high-performance cognition. Frontiers in 
Human Neuroscience, 13, Article 466. 
https://doi.org/10.3389/fnhum.2019.00466  

Alzahrani, H., & Venneri, A. (2015). Cognitive and neuroanatomical 
correlates of neuropsychiatric symptoms in Parkinson's 
disease: A systematic review. Journal of the Neurological 
Sciences, 356(1-2), 32-44. 
https://doi.org/10.1016/j.jns.2015.06.037  

Andersson, S., Josefsson, M., Stiernman, L. J., & Rieckmann, A. 
(2021). Cognitive decline in Parkinson’s disease: A subgroup of 
extreme decliners revealed by a data-driven analysis of 

https://doi.org/10.1038/s41572-021-00280-3
https://doi.org/10.1038/s41572-021-00280-3
https://doi.org/10.1212/WNL.0b013e3181f39d0e
https://doi.org/10.1038/nrneurol.2017.27
https://doi.org/10.1038/nrneurol.2011.189
https://doi.org/10.1044/2018_LSHSS-17-0114
https://doi.org/10.1016/j.arr.2022.101840
https://doi.org/10.3389/fnhum.2019.00466
https://doi.org/10.1016/j.jns.2015.06.037


63 
 
 

longitudinal progression. Frontiers in Psychology, 12, Article 
729755. https://doi.org/10.3389/fpsyg.2021.729755  

Bäckman, L., Nyberg, L., Soveri, A., Johansson, J., Andersson, M., 
Dahlin, E., Neely, A. S., Virta, J., Laine, M., & Rinne, J. O. 
(2011). Effects of working-memory training on striatal 
dopamine release. Science, 333(6043), 718-718. 
https://doi.org/10.1126/science.1204978  

Bäckman, L., Waris, O., Johansson, J., Andersson, M., Rinne, J. O., 
Alakurtti, K., Soveri, A., Laine, M., & Nyberg, L. (2017). 
Increased dopamine release after working-memory updating 
training: Neurochemical correlates of transfer. Scientific 
Reports, 7, Article 7160. https://doi.org/10.1038/s41598-017-
07577-y  

Bäckström, D., Granåsen, G., Mo, S. J., Riklund, K., Trupp, M., 
Zetterberg, H., Blennow, K., Forsgren, L., & Domellöf, M. E. 
(2022). Prediction and early biomarkers of cognitive decline in 
Parkinson disease and atypical parkinsonism: A population-
based study. Brain Communications, 4(2), Article fcac040. 
https://doi.org/10.1093/braincomms/fcac040  

Baddeley, A. (2012). Working memory: Theories, models, and 
controversies. Annual Review of Psychology, 63, 1-29. 
https://doi.org/10.1146/annurev-psych-120710-100422  

Bahar-Fuchs, A., Martyr, A., Goh, A. M. Y., Sabates, J., & Clare, L. 
(2019). Cognitive training for people with mild to moderate 
dementia. Cochrane Database of Systematic Reviews, 2019(3), 
Article CD013069. 
https://doi.org/10.1002/14651858.CD013069.pub2  

Barbosa, R. P., Mendonça, M. D., Caetano, A. P., Lampreia, T. M., 
Miguel, R., & Bugalho, P. M. (2019). Cognitive complaints in 
Parkinson’s disease patients: from subjective cognitive 
complaints to dementia and affective disorders. Journal of 
Neural Transmission, 126(10), 1329-1335. 
https://doi.org/10.1007/s00702-019-02042-8  

Barone, P., Antonini, A., Colosimo, C., Marconi, R., Morgante, L., 
Avarello, T. P., Bottacchi, E., Cannas, A., Ceravolo, G., Ceravolo, 
R., Cicarelli, G., Gaglio, R. M., Giglia, R. M., Iemolo, F., 
Manfredi, M., Meco, G., Nicoletti, A., Pederzoli, M., Petrone, 
A.,…Del Dotto, P. (2009). The PRIAMO study: A multicenter 
assessment of nonmotor symptoms and their impact on quality 
of life in Parkinson's disease. Movement Disorders, 24(11), 
1641-1649. https://doi.org/10.1002/mds.22643  

Basile, G. A., Bertino, S., Bramanti, A., Ciurleo, R., Anastasi, G. P., 
Milardi, D., & Cacciola, A. (2021). Striatal topographical 
organization: Bridging the gap between molecules, connectivity 

https://doi.org/10.3389/fpsyg.2021.729755
https://doi.org/10.1126/science.1204978
https://doi.org/10.1038/s41598-017-07577-y
https://doi.org/10.1038/s41598-017-07577-y
https://doi.org/10.1093/braincomms/fcac040
https://doi.org/10.1146/annurev-psych-120710-100422
https://doi.org/10.1002/14651858.CD013069.pub2
https://doi.org/10.1007/s00702-019-02042-8
https://doi.org/10.1002/mds.22643


64 
 
 

and behavior. European Journal of Histochemistry, 65(s1), 
3284-3284. https://doi.org/10.4081/EJH.2021.3284  

Bega, D., Gonzalez-Latapi, P., Zadikoff, C., & Simuni, T. (2014). A 
review of the clinical evidence for complementary and 
alternative therapies in Parkinson’s disease. Current Treatment 
Options in Neurology, 16, Article 314. 
https://doi.org/10.1007/s11940-014-0314-5  

Beishon, L., Haunton, V., Subramaniam, H., Mukaetova-Ladinska, E. 
B., Panerai, R. B., Robinson, T., & Evley, R. (2021). Qualitative 
analysis of the cognition and flow (CoGFlowS) study: An 
individualized approach to cognitive training for dementia is 
needed. Journal of Alzheimer's Disease, 83(1), 209-225. 
https://doi.org/10.3233/JAD-210428  

Beishon, L. C., Haunton, V. J., Bradbury-Jones, C., Subramaniam, H., 
Mukaetova-Ladinska, E. B., Panerai, R. B., Robinson, T. G., & 
Evley, R. (2022). The cognition and flow Study (CogFlowS): a 
mixed method evaluation of a randomized feasibility trial of 
cognitive training in dementia. Journal of Alzheimer's Disease, 
87(3), 1013-1031. https://doi.org/10.3233/JAD-215726  

Bhagavathula, A. S., Tesfaye, W., Vidyasagar, K., & Fialova, D. (2022). 
Polypharmacy and hyperpolypharmacy in older individuals 
with Parkinson's Disease: A systematic review and meta-
analysis. Gerontology, 68(10), 1081-1090. 
https://doi.org/10.1159/000521214  

Biundo, R., Bezdicek, O., Cammisuli, D. M., Cholerton, B., Dalrymple-
Alford, J. C., Edelstyn, N., Fiorenzato, E., Holker, E., Martinez-
Horta, S., Martini, A., Santangelo, G., Segura, B., Siri, C., 
Troster, A., Mestre, T. A., Ferro, A. S., Hyczy de Siqueira Tosin, 
M., Skorvanek, M., Weintraub, D., & Geurtsen, G. J. (2025). 
Attention/working memory and executive function in 
Parkinson's disease: Review, critique, and recommendations. 
Movement Disorders, 40(9), 1791-1804. 
https://doi.org/10.1002/mds.30293  

Bonelli, R. M., & Cummings, J. L. (2007). Frontal-subcortical 
circuitry and behavior. Dialogues in Clinical Neuroscience, 
9(2), 141-151. 
https://doi.org/10.31887/DCNS.2007.9.2/rbonelli  

Borella, E., Carretti, B., Sciore, R., Capotosto, E., Taconnat, L., 
Cornoldi, C., & De Beni, R. (2017). Training working memory in 
older adults: Is there an advantage of using strategies? 
Psychology and Aging, 32(2), 178-191. 
https://doi.org/10.1037/pag0000155  

Bovenzi, R., Conti, M., Degoli, G. R., Cerroni, R., Simonetta, C., 
Liguori, C., Salimei, C., Pisani, A., Pierantozzi, M., Stefani, A., 
Mercuri, N. B., & Schirinzi, T. (2023). Shaping the course of 

https://doi.org/10.4081/EJH.2021.3284
https://doi.org/10.1007/s11940-014-0314-5
https://doi.org/10.3233/JAD-210428
https://doi.org/10.3233/JAD-215726
https://doi.org/10.1159/000521214
https://doi.org/10.1002/mds.30293
https://doi.org/10.31887/DCNS.2007.9.2/rbonelli
https://doi.org/10.1037/pag0000155


65 
 
 

early-onset Parkinson's disease: Insights from a longitudinal 
cohort. Neurological Sciences, 44(9), 3151-3159. 
https://doi.org/10.1007/s10072-023-06826-5  

Braun, V., & Clarke, V. (2021). Thematic analysis: A practical guide. 
SAGE Publications.  

Brown, R. G., Landau, S., Hindle, J. V., Playfer, J., Samuel, M., 
Wilson, K. C., Hurt, C. S., Anderson, R. J., Carnell, J., 
Dickinson, L., Gibson, G., Van Schaick, R., Sellwood, K., 
Thomas, B. A., & Burn, D. J. (2011). Depression and anxiety 
related subtypes in Parkinson's disease. Journal of Neurology, 
Neurosurgery and Psychiatry, 82(7), 803-809. 
https://doi.org/10.1136/jnnp.2010.213652  

Bruyer, R., & Scailquin, J.-C. (1998). The visuospatial sketchpad for 
mental images: Testing the multicomponent model of working 
memory. Acta Psychologica, 98(1), 17-36.  

Burgers, C., Eden, A., Van Engelenburg, M. D., & Buningh, S. (2015). 
How feedback boosts motivation and play in a brain-training 
game. Computers in Human Behavior, 48, 94-103. 
https://doi.org/10.1016/j.chb.2015.01.038  

Burmester, B., Leathem, J., & Merrick, P. (2016). Subjective cognitive 
complaints and objective cognitive function in aging: A 
systematic review and meta-analysis of recent cross-sectional 
findings. Neuropsychology Review, 26(4), 376-393. 
https://doi.org/10.1007/s11065-016-9332-2  

Buschke, H. (1973). Selective reminding for analysis of memory and 
learning. Journal of Verbal Learning and Verbal Behaviour, 
12(5), 543-550.  

Capodieci, A., Re, A. M., Fracca, A., Borella, E., & Carretti, B. (2019). 
The efficacy of a training that combines activities on working 
memory and metacognition: Transfer and maintenance effects 
in children with ADHD and typical development. Journal of 
Clinical and Experimental Neuropsychology, 41(10), 1074-
1087. https://doi.org/10.1080/13803395.2019.1651827  

Cerasa, A., Gioia, M. C., Salsone, M., Donzuso, G., Chiriaco, C., 
Realmuto, S., Nicoletti, A., Bellavia, G., Banco, A., D'Amelio, 
M., Zappia, M., & Quattrone, A. (2014). Neurofunctional 
correlates of attention rehabilitation in Parkinson's disease: an 
explorative study. Neurological Sciences, 35(8), 1173-1180. 
https://doi.org/10.1007/s10072-014-1666-z  

Ceravolo, R., Frosini, D., Poletti, M., Kiferle, L., Pagni, C., Mazzucchi, 
S., Volterrani, D., & Bonuccelli, U. (2013). Mild affective 
symptoms in de novo Parkinson's disease patients: 
Relationship with dopaminergic dysfunction. European 
Journal of Neurology, 20(3), 480-485. 
https://doi.org/10.1111/j.1468-1331.2012.03878.x  

https://doi.org/10.1007/s10072-023-06826-5
https://doi.org/10.1136/jnnp.2010.213652
https://doi.org/10.1016/j.chb.2015.01.038
https://doi.org/10.1007/s11065-016-9332-2
https://doi.org/10.1080/13803395.2019.1651827
https://doi.org/10.1007/s10072-014-1666-z
https://doi.org/10.1111/j.1468-1331.2012.03878.x


66 
 
 

Chambers, C. (2017). The seven deadly sins of psychology: A 
manifesto for reforming the culture of scientific practice. 
Princeton University Press. 
https://doi.org/10.2307/j.ctvc779w5  

Chaudhuri, K. R., Prieto-Jurcynska, C., Naidu, Y., Mitra, T., Frades-
Payo, B., Tluk, S., Ruessmann, A., Odin, P., Macphee, G., 
Stocchi, F., Ondo, W., Sethi, K., Schapira, A. H. V., Castrillo, J. 
C. M., & Martinez-Martin, P. (2010). The nondeclaration of 
nonmotor symptoms of Parkinson's disease to health care 
professionals: An international study using the nonmotor 
symptoms questionnaire. Movement Disorders, 25(6), 704-
709. https://doi.org/10.1002/mds.22868  

Connolly, B. S., & Lang, A. E. (2014). Pharmacological treatment of 
Parkinson disease: a review. JAMA, 311(16), 1670-1683. 
https://doi.org/10.1001/jama.2014.3654  

Contreras, N. A., Lee, S., Tan, E. J., Castle, D. J., & Rossell, S. L. 
(2016). “How is cognitive remediation training perceived by 
people with schizophrenia? A qualitative study examining 
personal experiences”. Journal of Mental Health, 25(3), 260-
266. https://doi.org/10.3109/09638237.2016.1167856  

Cools, R., Gibbs, S. E., Miyakawa, A., Jagust, W., & D'Esposito, M. 
(2008). Working memory capacity predicts dopamine synthesis 
capacity in the human striatum. Journal of Neuroscience, 
28(5), 1208-1212.  

Costa, A., Peppe, A., Serafini, F., Zabberoni, S., Barban, F., 
Caltagirone, C., & Carlesimo, G. A. (2014). Prospective memory 
performance of patients with Parkinson's disease depends on 
shifting aptitude: Evidence from cognitive rehabilitation. 
Journal of the International Neuropsychological Society, 
20(7), 717-726. https://doi.org/10.1017/S1355617714000563  

Cowan, N. (2011). The focus of attention as observed in visual working 
memory tasks: Making sense of competing claims. 
Neuropsychologia, 49(6), 1401-1406. 
https://doi.org/10.1016/j.neuropsychologia.2011.01.035  

Crawford, J. R., Smith, G., Maylor, E. A., Della Sala, S., & Logie, R. H. 
(2003). The Prospective and Retrospective Memory 
Questionnaire (PRMQ): Normative data and latent structure in 
a large non-clinical sample. Memory, 11(3), 261-275. 
https://doi.org/10.1080/09658210244000027  

D'Esposito, M., & Postle, B. R. (2015). The cognitive neuroscience of 
working memory. Annual Review of Psychology, 66, 115-142. 
https://doi.org/10.1146/annurev-psych-010814-015031  

Dahlin, E., Neely, A. S., Larsson, A., Bäckman, L., & Nyberg, L. 
(2008). Transfer of learning after updating training mediated 

https://doi.org/10.2307/j.ctvc779w5
https://doi.org/10.1002/mds.22868
https://doi.org/10.1001/jama.2014.3654
https://doi.org/10.3109/09638237.2016.1167856
https://doi.org/10.1017/S1355617714000563
https://doi.org/10.1016/j.neuropsychologia.2011.01.035
https://doi.org/10.1080/09658210244000027
https://doi.org/10.1146/annurev-psych-010814-015031


67 
 
 

by the striatum. Science, 320(5882), 1510-1512. 
https://doi.org/10.1126/science.1155466  

Deary, I. J. (2012). Intelligence. Annual Review Psychology, 63, 453-
482. https://doi.org/10.1146/annurev-psych-120710-100353  

Delis, D. C., Kaplan, E., & Kramer, J. H. (2001). Delis-Kaplan 
Executive Functioning System (D-KEFS). The Psychological 
Corporation.  

Diamond, A. (2013). Executive functions. Annu Rev Psychol, 64, 135-
168. https://doi.org/10.1146/annurev-psych-113011-143750  

Diamond, A., & Ling, D. S. (2020). Review of the evidence on, and 
fundamental questions about, efforts to improve executive 
functions, including working memory. In Cognitive and 
Working Memory Training. Oxford University Press.  

Dirkx, M. F., den Ouden, H., Aarts, E., Timmer, M., Bloem, B. R., 
Toni, I., & Helmich, R. C. (2016). The cerebral network of 
Parkinson’s tremor: An effective connectivity fMRI study. 
Journal of Neuroscience, 36(19), 5362-5372. 
https://doi.org/10.1523/JNEUROSCI.3634-15.2016  

Domellöf, M. E., Ekman, U., Forsgren, L., & Elgh, E. (2015). Cognitive 
function in the early phase of Parkinson's disease, a five-year 
follow-up. Acta Neurologica Scandinavica, 132(2), 79-88. 
https://doi.org/10.1111/ane.12375  

Domellöf, M. E., Walton, L., Boraxbekk, C. J., Bäckström, D., 
Josefsson, M., Forsgren, L., & Stigsdotter Neely, A. (2020). 
Evaluating a frontostriatal working-memory updating-training 
paradigm in Parkinson's disease: The iPARK trial, a double-
blinded randomized controlled trial. BMC Neurology, 20, 
Article 337. https://doi.org/10.1186/s12883-020-01893-z  

Dorsey, E. R., & Bloem, B. R. (2018). The Parkinson pandemic - A call 
to action. JAMA Neurology, 75(1), 9-10. 
https://doi.org/10.1001/jamaneurol.2017.3299  

Dougherty, M. R., Hamovitz, T., & Tidwell, J. W. (2016). Reevaluating 
the effectiveness of n-back training on transfer through the 
Bayesian lens: Support for the null. Psychonomic Bulletin and 
Review, 23(1), 306-316. https://doi.org/10.3758/s13423-015-
0865-9  

Dunning, D. L., & Holmes, J. (2014). Does working memory training 
promote the use of strategies on untrained working memory 
tasks? Memory and Cognition, 42(6), 854-862. 
https://doi.org/10.3758/s13421-014-0410-5  

Edwards, J. D., Hauser, R. A., O'Connor, M. L., Valdes, E. G., 
Zesiewicz, T. A., & Uc, E. Y. (2013). Randomized trial of 
cognitive speed of processing training in Parkinson disease. 
Neurology, 81(15), 1284-1290. 
https://doi.org/10.1212/WNL.0b013e3182a823ba  

https://doi.org/10.1126/science.1155466
https://doi.org/10.1146/annurev-psych-120710-100353
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.1523/JNEUROSCI.3634-15.2016
https://doi.org/10.1111/ane.12375
https://doi.org/10.1186/s12883-020-01893-z
https://doi.org/10.1001/jamaneurol.2017.3299
https://doi.org/10.3758/s13423-015-0865-9
https://doi.org/10.3758/s13423-015-0865-9
https://doi.org/10.3758/s13421-014-0410-5
https://doi.org/10.1212/WNL.0b013e3182a823ba


68 
 
 

Elgh, E., Domellöf, M. E., Linder, J., Edström, M., Stenlund, H., & 
Forsgren, L. (2009). Cognitive function in early Parkinson's 
disease: A population-based study. European Journal of 
Neurology, 16(12), 1278-1284. https://doi.org/10.1111/j.1468-
1331.2009.02707.x  

Erro, R., Pappatà, S., Amboni, M., Vicidomini, C., Longo, K., 
Santangelo, G., Picillo, M., Vitale, C., Moccia, M., & Giordano, 
F. (2012). Anxiety is associated with striatal dopamine 
transporter availability in newly diagnosed untreated 
Parkinson's disease patients. Parkinsonism & related 
disorders, 18(9), 1034-1038. 
https://doi.org/10.1016/j.parkreldis.2012.05.022  

Eskilsson, T., Fjellman-Wiklund, A., Ek Malmer, E., Stigsdotter Neely, 
A., Malmberg Gavelin, H., Slunga Järvholm, L., Boraxbekk, C.-
J., & Nordin, M. (2020). Hopeful struggling for health: 
Experiences of participating in computerized cognitive training 
and aerobic training for persons with stress-related exhaustion 
disorder. Scandinavian Journal of Psychology, 61(3), 361-368. 
https://doi.org/10.1111/sjop.12623  

Fallon, S. J., Smulders, K., Esselink, R. A., van de Warrenburg, B. P., 
Bloem, B. R., & Cools, R. (2015). Differential optimal dopamine 
levels for set-shifting and working memory in Parkinson's 
disease. Neuropsychologia, 77, 42-51. 
https://doi.org/10.1016/j.neuropsychologia.2015.07.031  

Fellman, D., Jylkkä, J., Waris, O., Soveri, A., Ritakallio, L., Haga, S., 
Salmi, J., Nyman, T. J., & Laine, M. (2020). The role of strategy 
use in working memory training outcomes. Journal of Memory 
and Language, 110, Article 104064. 
https://doi.org/10.1016/j.jml.2019.104064  

Fellman, D., Salmi, J., Ritakallio, L., Ellfolk, U., Rinne, J. O., & Laine, 
M. (2018). Training working memory updating in Parkinson’s 
disease: A randomised controlled trial. Neuropsychological 
Rehabilitation, 30(4), 673-708. 
https://doi.org/10.1080/09602011.2018.1489860  

Fengler, S., Liepelt-Scarfone, I., Brockmann, K., Schäffer, E., Berg, D., 
& Kalbe, E. (2017). Cognitive changes in prodromal Parkinson's 
disease: A review. Movement Disorders, 32(12), 1655-1666. 
https://doi.org/10.1002/mds.27135  

Ferguson, L. W., Rajput, A. H., & Rajput, A. (2015). Early-onset vs. 
late-onset Parkinson's disease: A clinical-pathological study. 
Canadian Journal of Neurological Sciences, 43(1), 113-119. 
https://doi.org/10.1017/cjn.2015.244  

Foster, E. R., Spence, D., & Toglia, J. (2018). Feasibility of a cognitive 
strategy training intervention for people with Parkinson’s 

https://doi.org/10.1111/j.1468-1331.2009.02707.x
https://doi.org/10.1111/j.1468-1331.2009.02707.x
https://doi.org/10.1016/j.parkreldis.2012.05.022
https://doi.org/10.1111/sjop.12623
https://doi.org/10.1016/j.neuropsychologia.2015.07.031
https://doi.org/10.1016/j.jml.2019.104064
https://doi.org/10.1080/09602011.2018.1489860
https://doi.org/10.1002/mds.27135
https://doi.org/10.1017/cjn.2015.244


69 
 
 

disease. Disability and Rehabilitation, 40(10), 1127-1134. 
https://doi.org/10.1080/09638288.2017.1288275  

Friedman, N. P., Miyake, A., Corley, R. P., Young, S. E., Defries, J. C., 
& Hewitt, J. K. (2006). Not all executive functions are related to 
intelligence. Psychological science, 17(2), 172-179. 
https://doi.org/10.1111/j.1467-9280.2006.01681.x  

Frischkorn, G. T., von Bastian, C. C., Souza, A. S., & Oberauer, K. 
(2022). Individual differences in updating are not related to 
reasoning ability and working memory capacity. Journal of 
Experimental Psychology: General, 151(6), 1341-1357. 
https://doi.org/10.1037/xge0001141  

Gallagher, J., Gochanour, C., Caspell-Garcia, C., Dobkin, R. D., 
Aarsland, D., Alcalay, R. N., Barrett, M. J., Chahine, L., Chen-
Plotkin, A. S., Coffey, C. S., Dahodwala, N., Eberling, J. L., 
Espay, A. J., Leverenz, J. B., Litvan, I., Mamikonyan, E., 
Morley, J., Richard, I. H., Rosenthal, L.,…Razzaque, J. (2024). 
Long-term dementia risk in Parkinson disease. Neurology, 
103(5), Article e209699. 
https://doi.org/10.1212/WNL.0000000000209699  

Gavelin, H. M., Domellöf, M. E., Leung, I., Neely, A. S., Launder, N. 
H., Nategh, L., Finke, C., & Lampit, A. (2022). Computerized 
cognitive training in Parkinson’s Disease: A systematic review 
and meta-analysis. Ageing Research Reviews, 80, Article 
101671. https://doi.org/10.1016/j.arr.2022.101671  

Gibbor, L., Yates, L., Volkmer, A., & Spector, A. (2021). Cognitive 
stimulation therapy (CST) for dementia: A systematic review of 
qualitative research. Aging and Mental Health, 25(6), 980-
990. https://doi.org/10.1080/13607863.2020.1746741  

Giustiniani, A., Maistrello, L., Danesin, L., Rigon, E., & Burgio, F. 
(2022). Effects of cognitive rehabilitation in Parkinson disease: 
A meta-analysis. Neurological Sciences, 43(4), 2323-2337. 
https://doi.org/10.1007/s10072-021-05772-4  

Gonzalez-Latapi, P., Bayram, E., Litvan, I., & Marras, C. (2021). 
Cognitive impairment in Parkinson’s disease: Epidemiology, 
clinical profile, protective and risk factors. Behavioral Sciences, 
11(5), Article 74. https://doi.org/10.3390/bs11050074  

Greenwood, P. M., & Parasuraman, R. (2016). The mechanisms of far 
transfer from cognitive training: Review and hypothesis. 
Neuropsychology, 30(6), 742-755. 
https://doi.org/10.1037/neu0000235  

Grün, D., Pieri, V., Vaillant, M., & Diederich, N. J. (2016). 
Contributory factors to caregiver burden in Parkinson Disease. 
Journal of the American Medical Directors Association, 17(7), 
626-632. https://doi.org/10.1016/j.jamda.2016.03.004  

https://doi.org/10.1080/09638288.2017.1288275
https://doi.org/10.1111/j.1467-9280.2006.01681.x
https://doi.org/10.1037/xge0001141
https://doi.org/10.1212/WNL.0000000000209699
https://doi.org/10.1016/j.arr.2022.101671
https://doi.org/10.1080/13607863.2020.1746741
https://doi.org/10.1007/s10072-021-05772-4
https://doi.org/10.3390/bs11050074
https://doi.org/10.1037/neu0000235
https://doi.org/10.1016/j.jamda.2016.03.004


70 
 
 

Guye, S., De Simoni, C., & von Bastian, C. C. (2017). Do individual 
differences predict change in cognitive training performance? A 
latent growth curve modeling approach. Journal of Cognitive 
Enhancement, 1, 374-393. https://doi.org/10.1007/s41465-
017-0049-9  

Haesner, M., O'Sullivan, J. L., Gövercin, M., & Steinhagen-Thiessen, 
E. (2015). Requirements of older adults for a daily use of an 
internet-based cognitive training platform. Informatics for 
Health and Social Care, 40(2), 139-153. 
https://doi.org/10.3109/17538157.2013.879149  

Haslinger, B., Erhard, P., Kampfe, N., Boecker, H., Rummeny, E., 
Schwaiger, M., Conrad, B., & Ceballos-Baumann, A. O. (2001). 
Event-related functional magnetic resonance imaging in 
Parkinson's disease before and after levodopa. Brain, 124(3), 
558-570. https://doi.org/10.1093/brain/124.3.558  

Hely, M. A., Reid, W. G., Adena, M. A., Halliday, G. M., & Morris, J. G. 
(2008). The Sydney multicenter study of Parkinson's disease: 
The inevitability of dementia at 20 years. Movement Disorders, 
23(6), 837-844. https://doi.org/10.1002/mds.21956  

Hesser, H. (2015). Modeling individual differences in randomized 
experiments using growth models: Recommendations for 
design, statistical analysis and reporting of results of internet 
interventions. Internet Interventions, 2(2), 110-120. 
https://doi.org/10.1016/j.invent.2015.02.003  

Hirsch, E. C., & Standaert, D. G. (2021). Ten unsolved questions about 
neuroinflammation in Parkinson's disease. Movement 
Disorders, 36(1), 16-24. https://doi.org/10.1002/mds.28075  

Hoffman, L., Burt, N. D., Piniella, N. R., Baker, M., Volino, N., Yasin, 
S., Jung, M. K., Leder, A., & Sousa, A. (2023). Efficacy and 
feasibility of remote cognitive remediation therapy in 
Parkinson's disease: A randomized controlled trial. Parkinson's 
Disease, 2023, Article 6645554. 
https://doi.org/10.1155/2023/6645554  

Huot, P., Johnston, T. H., Koprich, J. B., Fox, S. H., & Brotchie, J. M. 
(2013). The pharmacology of L-DOPA-induced dyskinesia in 
Parkinson's disease. Pharmacological Reviews, 65(1), 171-222. 
https://doi.org/10.1124/pr.111.005678  

Jaeggi, S. M., Buschkuehl, M., Shah, P., & Jonides, J. (2014). The role 
of individual differences in cognitive training and transfer. 
Memory and Cognition, 42(3), 464-480. 
https://doi.org/10.3758/s13421-013-0364-z  

Jaeggi, S. M., Weaver, A. N., Carbone, E., Trane, F. E., Smith-Peirce, 
R. N., Buschkuehl, M., Flueckiger, C., Carlson, M., Jonides, J., 
& Borella, E. (2023). EngAge – A metacognitive intervention to 
supplement working memory training: A feasibility study in 

https://doi.org/10.1007/s41465-017-0049-9
https://doi.org/10.1007/s41465-017-0049-9
https://doi.org/10.3109/17538157.2013.879149
https://doi.org/10.1093/brain/124.3.558
https://doi.org/10.1002/mds.21956
https://doi.org/10.1016/j.invent.2015.02.003
https://doi.org/10.1002/mds.28075
https://doi.org/10.1155/2023/6645554
https://doi.org/10.1124/pr.111.005678
https://doi.org/10.3758/s13421-013-0364-z


71 
 
 

older adults. Aging Brain, 4, Article 100083. 
https://doi.org/10.1016/j.nbas.2023.100083  

Jellinger, K. A. (2022). The pathobiological basis of depression in 
Parkinson disease: Challenges and outlooks. Journal of Neural 
Transmission, 129, 1397-1418. 
https://doi.org/10.1007/s00702-022-02559-5  

Jenkinson, C., Fitzpatrick, R., Peto, V., Greenhall, R., & Hyman, N. 
(1997). The Parkinson's disease questionnaire (PDQ-39): 
development and validation of a Parkinson's disease summary 
index score. Age and ageing, 26(5), 353-357. 
https://doi.org/10.1093/ageing/26.5.353  

Johansson, A.-M., Domellöf, E., & Rönnqvist, L. (2012). Short- and 
long-term effects of synchronized metronome training in 
children with hemiplegic cerebral palsy: A two case study. 
Developmental Neurorehabilitation, 15(2), 160-169. 
https://doi.org/10.3109/17518423.2011.635608  

Kalbe, E., Aarsland, D., & Folkerts, A. K. (2018). Cognitive 
interventions in Parkinson's disease: Where we want to go 
within 20 years. Journal of Parkinson's disease, 8(s1), S107-
S113. https://doi.org/10.3233/JPD-181473  

Kalbe, E., Folkerts, A.-K., Witt, K., Buhmann, C., & Liepelt-Scarfone, 
I. (2024). German Society of Neurology guidelines for the 
diagnosis and treatment of cognitive impairment and affective 
disorders in people with Parkinson’s disease: New spotlights on 
diagnostic procedures and non-pharmacological interventions. 
Journal of Neurology, 271, 7330-7357. 
https://doi.org/10.1007/s00415-024-12503-0  

Kalia, L. V., & Lang, A. E. (2015). Parkinson's disease. The Lancet, 
386, 896-912. https://doi.org/10.1016/S0140-6736(14)61393-3  

Kazdin, A. E. (2021). Single-case experimental designs: 
Characteristics, changes, and challenges. Journal of the 
Experimental Analysis of Behavior, 115(1), 56-85. 
https://doi.org/10.1002/jeab.638  

Kelly, M. E., Loughrey, D., Lawlor, B. A., Robertson, I. H., Walsh, C., 
& Brennan, S. (2014). The impact of cognitive training and 
mental stimulation on cognitive and everyday functioning of 
healthy older adults: A systematic review and meta-analysis. 
Ageing Research Reviews, 15(1), 28-43. 
https://doi.org/10.1016/j.arr.2014.02.004  

Kooijmans, E. C. M., Hoogendijk, E. O., Drapała, N., Antonenko, O., 
Burchell, G. L., Barańska, I., Pokladníková, J., Szczerbińska, K., 
Fialová, D., van Hout, H. P. J., & Joling, K. J. (2025). Defining 
and categorizing nonpharmacologic interventions in the older 
population: A systematic review. Journal of the American 

https://doi.org/10.1016/j.nbas.2023.100083
https://doi.org/10.1007/s00702-022-02559-5
https://doi.org/10.1093/ageing/26.5.353
https://doi.org/10.3109/17518423.2011.635608
https://doi.org/10.3233/JPD-181473
https://doi.org/10.1007/s00415-024-12503-0
https://doi.org/10.1016/S0140-6736(14)61393-3
https://doi.org/10.1002/jeab.638
https://doi.org/10.1016/j.arr.2014.02.004


72 
 
 

Medical Directors Association, 26(1), Article 105306. 
https://doi.org/10.1016/j.jamda.2024.105306  

Korkki, S. M., Papenberg, G., Guitart-Masip, M., Salami, A., Karalija, 
N., Nyberg, L., & Bäckman, L. (2023). Dopamine system and 
cognitive function across the adult life span. In The Sage 
Handbook of Cognitive and Systems Neuroscience. SAGE 
Publications.  

Krogsgaard, M. R., Brodersen, J., Christensen, K. B., Siersma, V., 
Kreiner, S., Jensen, J., Hansen, C. F., & Comins, J. D. (2021). 
What is a PROM and why do we need it? Scandinavian Journal 
of Medicine and Science in Sports, 31(5), 967-971. 
https://doi.org/10.1111/sms.13892  

Kudlicka, A., Clare, L., & Hindle, J. V. (2014). Quality of life, health 
status and caregiver burden in Parkinson's disease: 
Relationship to executive functioning. International Journal of 
Geriatric Psychiatry, 29(1), 68-76. 
https://doi.org/10.1002/gps.3970  

Kühn, S., Schmiedek, F., Noack, H., Wenger, E., Bodammer, N. C., 
Lindenberger, U., & Lövden, M. (2013). The dynamics of 
change in striatal activity following updating training. Human 
Brain Mapping, 34(7), 1530-1541. 
https://doi.org/10.1002/hbm.22007  

Laine, M., Fellman, D., Waris, O., & Nyman, T. J. (2018). The early 
effects of external and internal strategies on working memory 
updating training. Scientific Reports, 8(1), Article 4045. 
https://doi.org/10.1038/s41598-018-22396-5  

Lawrence, B. J., Gasson, N., Kane, R., Bucks, R. S., & Loftus, A. M. 
(2014). Activities of daily living, depression, and quality of life 
in Parkinson's disease. PLoS ONE, 9(7), Article e102294. 
https://doi.org/10.1371/journal.pone.0102294  

Leroi, I., McDonald, K., Pantula, H., & Harbishettar, V. (2012). 
Cognitive impairment in Parkinson disease: Impact on quality 
of life, disability, and caregiver burden. Journal of Geriatric 
Psychiatry and Neurology, 25(4), 208-214. 
https://doi.org/10.1177/0891988712464823  

Li, S., Dong, J., Cheng, C., & Le, W. (2016). Therapies for Parkinson’s 
diseases: Alternatives to current pharmacological interventions. 
Journal of Neural Transmission, 123(11), 1279-1299. 
https://doi.org/10.1007/s00702-016-1603-9  

Li, W., Zhang, Q., Qiao, H., Jin, D., Ngetich, R. K., Zhang, J., Jin, Z., & 
Li, L. (2021). Dual n-back working memory training evinces 
superior transfer effects compared to the method of loci. 
Scientific Reports, 11, Article 3072. 
https://doi.org/10.1038/s41598-021-82663-w  

https://doi.org/10.1016/j.jamda.2024.105306
https://doi.org/10.1111/sms.13892
https://doi.org/10.1002/gps.3970
https://doi.org/10.1002/hbm.22007
https://doi.org/10.1038/s41598-018-22396-5
https://doi.org/10.1371/journal.pone.0102294
https://doi.org/10.1177/0891988712464823
https://doi.org/10.1007/s00702-016-1603-9
https://doi.org/10.1038/s41598-021-82663-w


73 
 
 

Lindenberger, U., Wenger, E., & Lövdén, M. (2017). Towards a 
stronger science of human plasticity. Nature Reviews 
Neuroscience, 18(5), 261-262. 
https://doi.org/10.1038/nrn.2017.44  

Litvan, I., Goldman, J. G., Tröster, A. I., Schmand, B. A., Weintraub, 
D., Petersen, R. C., Mollenhauer, B., Adler, C. H., Marder, K., 
Williams-Gray, C. H., Aarsland, D., Kulisevsky, J., Rodriguez-
Oroz, M. C., Burn, D. J., Barker, R. A., & Emre, M. (2012). 
Diagnostic criteria for mild cognitive impairment in Parkinson's 
disease: Movement Disorder Society Task Force guidelines. 
Movement Disorders, 27(3), 349-356. 
https://doi.org/10.1002/mds.24893  

Lövdén, M., Bäckman, L., Lindenberger, U., Schaefer, S., & 
Schmiedek, F. (2010). A theoretical framework for the study of 
adult cognitive plasticity. Psychological bulletin, 136(4), 659-
676. https://doi.org/10.1037/a0020080  

Lovden, M., Brehmer, Y., Li, S. C., & Lindenberger, U. (2012). 
Training-induced compensation versus magnification of 
individual differences in memory performance. Frontiers in 
Human Neuroscience, 6, Article 141. 
https://doi.org/10.3389/fnhum.2012.00141  

Mahlknecht, P., Seppi, K., & Poewe, W. (2015). The concept of 
prodromal Parkinson's disease. Journal of Parkinson's disease, 
5(4), 681-697. https://doi.org/10.3233/JPD-150685  

Marklund, P., Larsson, A., Elgh, E., Linder, J., Riklund, K. Å., 
Forsgren, L., & Nyberg, L. (2009). Temporal dynamics of basal 
ganglia under-recruitment in Parkinson's disease: Transient 
caudate abnormalities during updating of working memory. 
Brain, 132(2), 336-346. https://doi.org/10.1093/brain/awn309  

Martinez-Martin, P., Rodriguez-Blazquez, C., Kurtis, M. M., & 
Chaudhuri, K. R. (2011). The impact of non-motor symptoms 
on health-related quality of life of patients with Parkinson's 
disease. Movement Disorders, 26(3), 399-406. 
https://doi.org/10.1002/mds.23462  

McCabe, J. A., Redick, T. S., & Engle, R. W. (2016). Brain-training 
pessimism, but applied-memory optimism. Psychological 
Science in the Public Interest, 17(3), 187-191. 
https://doi.org/10.1177/1529100616664716  

Mehanna, R., Smilowska, K., Fleisher, J., Post, B., Hatano, T., 
Pimentel Piemonte, M. E., Kumar, K. R., McConvey, V., Zhang, 
B., Tan, E. K., & Savica, R. (2022). Age cutoff for early-onset 
Parkinson's Disease: Recommendations from the international 
Parkinson and Movement Disorder Society task force on early 
onset Parkinson's disease. Movement Disorders Clinical 
Practice, 9(7), 869-878. https://doi.org/10.1002/mdc3.13523  

https://doi.org/10.1038/nrn.2017.44
https://doi.org/10.1002/mds.24893
https://doi.org/10.1037/a0020080
https://doi.org/10.3389/fnhum.2012.00141
https://doi.org/10.3233/JPD-150685
https://doi.org/10.1093/brain/awn309
https://doi.org/10.1002/mds.23462
https://doi.org/10.1177/1529100616664716
https://doi.org/10.1002/mdc3.13523


74 
 
 

Melby-Lervåg, M., Redick, T. S., & Hulme, C. (2016). Working 
memory training does not improve performance on measures of 
intelligence or other measures of “far transfer”: Evidence from 
a meta-analytic review. Perspectives on Psychological Science, 
11(4), 512-534. https://doi.org/10.1177/1745691616635612  

Mestre, T. A., Eberly, S., Tanner, C., Grimes, D., Lang, A. E., Oakes, 
D., & Marras, C. (2018). Reproducibility of data-driven 
Parkinson's disease subtypes for clinical research. 
Parkinsonism and Related Disorders, 56, 102-106. 
https://doi.org/10.1016/j.parkreldis.2018.07.009  

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, 
A., & Wager, T. D. (2000). The unity and diversity of executive 
functions and their contributions to complex “frontal lobe" 
tasks: A latent variable analysis. Cognitive Psychology, 41(1), 
49-100. https://doi.org/10.1006/cogp.1999.0734  

Monticone, M., Ambrosini, E., Laurini, A., Rocca, B., & Foti, C. 
(2015). In-patient multidisciplinary rehabilitation for 
Parkinson's disease: A randomized controlled trial. Movement 
Disorders, 30(8), 1050-1058. 
https://doi.org/10.1002/mds.26256  

Moustafa, A. A., Chakravarthy, S., Phillips, J. R., Gupta, A., Keri, S., 
Polner, B., Frank, M. J., & Jahanshahi, M. (2016). Motor 
symptoms in Parkinson's disease: A unified framework. 
Neuroscience and Biobehavioral Reviews, 68, 727-740. 
https://doi.org/10.1016/j.neubiorev.2016.07.010  

Mowszowski, L., Batchelor, J., & Naismith, S. L. (2010). Early 
intervention for cognitive decline: Can cognitive training be 
used as a selective prevention technique? International 
Psychogeriatrics, 22(4), 537-548. 
https://doi.org/10.1017/S1041610209991748  

Mowszowski, L., Lampit, A., Walton, C. C., & Naismith, S. L. (2016). 
Strategy-based cognitive training for improving executive 
functions in older adults: A systematic review. 
Neuropsychology Review, 26(3), 252-270. 
https://doi.org/10.1007/s11065-016-9329-x  

Myklebost, S. B., Heltne, A., Hammar, Å., & Nordgreen, T. (2024). 
Efficacy of an internet-delivered cognitive enhancement 
intervention for subjective residual cognitive deficits in 
remitted major depressive disorder: A randomized crossover 
trial. Journal of Affective Disorders, 364, 87-95. 
https://doi.org/10.1016/j.jad.2024.08.035  

Nguyen, L., Murphy, K., & Andrews, G. (2019). Immediate and long-
term efficacy of executive functions cognitive training in older 
adults: A systematic review and meta-analysis. Psychological 
bulletin, 145(7), 698-733. https://doi.org/10.1037/bul0000196  

https://doi.org/10.1177/1745691616635612
https://doi.org/10.1016/j.parkreldis.2018.07.009
https://doi.org/10.1006/cogp.1999.0734
https://doi.org/10.1002/mds.26256
https://doi.org/10.1016/j.neubiorev.2016.07.010
https://doi.org/10.1017/S1041610209991748
https://doi.org/10.1007/s11065-016-9329-x
https://doi.org/10.1016/j.jad.2024.08.035
https://doi.org/10.1037/bul0000196


75 
 
 

Noack, H., Lövdén, M., & Schmiedek, F. (2014). On the validity and 
generality of transfer effects in cognitive training research. 
Psychological Research, 78(6), 773-789. 
https://doi.org/10.1007/s00426-014-0564-6  

Noack, H., Lövdén, M., Schmiedek, F., & Lindenberger, U. (2009). 
Cognitive plasticity in adulthood and old age: Gauging the 
generality of cognitive intervention effects. In Restorative 
Neurology and Neuroscience (Vol. 27, pp. 435-453). 

Ophey, A., Giehl, K., Rehberg, S., Eggers, C., Reker, P., van Eimeren, 
T., & Kalbe, E. (2020). Effects of working memory training in 
patients with Parkinson's disease without cognitive 
impairment: A randomized controlled trial. Parkinsonism and 
Related Disorders, 72, 13-22. 
https://doi.org/10.1016/j.parkreldis.2020.02.002  

Ophey, A., Krohm, F., Kalbe, E., Greuel, A., Drzezga, A., Tittgemeyer, 
M., Timmermann, L., Jessen, F., Eggers, C., & Maier, F. (2022). 
Neural correlates and predictors of subjective cognitive decline 
in patients with Parkinson’s disease. Neurological Sciences, 
43(5), 3153-3163. https://doi.org/10.1007/s10072-021-05734-
w  

Orth, L., Meeh, J., Gur, J. M., Neuner, I., & Sarkheil, P. (2022). 
Frontostriatal circuitry as a target for fMRI-based 
neurofeedback interventions: A systematic review. Frontiers in 
Human Neuroscience, 16, Article 933718. 
https://doi.org/10.3389/fnhum.2022.933718  

Ou, R., Hou, Y., Wei, Q., Lin, J., Liu, K., Zhang, L., Jiang, Z., Cao, B., 
Zhao, B., Song, W., & Shang, H. (2021). Longitudinal evolution 
of non-motor symptoms in early Parkinson’s disease: a 3-year 
prospective cohort study. npj Parkinson's Disease, 7, Article 58. 
https://doi.org/10.1038/s41531-021-00207-5  

Outeiro, T. F., Alcalay, R. N., Antonini, A., Attems, J., Bonifati, V., 
Cardoso, F., Chesselet, M. F., Hardy, J., Madeo, G., McKeith, I., 
Mollenhauer, B., Moore, D. J., Rascol, O., Schlossmacher, M. 
G., Soreq, H., Stefanis, L., & Ferreira, J. J. (2023). Defining the 
riddle in order to solve it: There is more than one “Parkinson's 
Disease”. Movement Disorders, 38(7), 1127-1142. 
https://doi.org/10.1002/mds.29419  

Papenberg, G., Jonasson, L., Karalija, N., Johansson, J., Köhncke, Y., 
Salami, A., Andersson, M., Axelsson, J., Wåhlin, A., Riklund, K., 
Lindenberger, U., Lövdén, M., Nyberg, L., & Bäckman, L. 
(2019). Mapping the landscape of human dopamine D2/3 
receptors with [11C]raclopride. Brain Structure and Function, 
224(8), 2871-2882. https://doi.org/10.1007/s00429-019-
01938-1  

https://doi.org/10.1007/s00426-014-0564-6
https://doi.org/10.1016/j.parkreldis.2020.02.002
https://doi.org/10.1007/s10072-021-05734-w
https://doi.org/10.1007/s10072-021-05734-w
https://doi.org/10.3389/fnhum.2022.933718
https://doi.org/10.1038/s41531-021-00207-5
https://doi.org/10.1002/mds.29419
https://doi.org/10.1007/s00429-019-01938-1
https://doi.org/10.1007/s00429-019-01938-1


76 
 
 

Pappa, K., Biswas, V., Flegal, K. E., Evans, J. J., & Baylan, S. (2020). 
Working memory updating training promotes plasticity & 
behavioural gains: A systematic review & meta-analysis. 
Neuroscience and Biobehavioral Reviews, 118, 209-235. 
https://doi.org/10.1016/j.neubiorev.2020.07.027  

Pappa, K., Flegal, K. E., Baylan, S., & Evans, J. J. (2021). Working 
memory training: Taking a step back to retool and create a 
bridge between clinical and neuroimaging research methods. 
Applied Neuropsychology:Adult, 29(6), 1669–1680. 
https://doi.org/10.1080/23279095.2021.1904243  

París, A. P., Saleta, H. G., de la Cruz Crespo Maraver, M., Silvestre, E., 
Freixa, M. G., Torrellas, C. P., Pont, S. A., Nadal, M. F., Garcia, 
S. A., Bartolomé, M. V. P., Fernández, V. L., & Bayés, À. R. 
(2011). Blind randomized controlled study of the efficacy of 
cognitive training in Parkinson's disease. Movement Disorders, 
26(7), 1251-1258. https://doi.org/10.1002/mds.23688  

Park, S. B., Kwon, K. Y., Lee, J. Y., Im, K., Sunwoo, J. S., Lee, K. B., 
Roh, H., Ahn, M. Y., Park, S., Kim, S. J., Oh, J. S., & Kim, J. S. 
(2019). Lack of association between dopamine transporter loss 
and non-motor symptoms in patients with Parkinson’s disease: 
A detailed PET analysis of 12 striatal subregions. Neurological 
Sciences, 40(2), 311-317. https://doi.org/10.1007/s10072-018-
3632-7  

Pena, J., Ibarretxe-Bilbao, N., Garcia-Gorostiaga, I., Gomez-
Beldarrain, M. A., Diez-Cirarda, M., & Ojeda, N. (2014). 
Improving functional disability and cognition in Parkinson 
disease: randomized controlled trial. Neurology, 83(23), 2167-
2174. https://doi.org/10.1212/WNL.0000000000001043  

Petrelli, A., Kaesberg, S., Barbe, M. T., Timmermann, L., Fink, G. R., 
Kessler, J., & Kalbe, E. (2014). Effects of cognitive training in 
Parkinson's disease: a randomized controlled trial. 
Parkinsonism & related disorders, 20(11), 1196-1202. 
https://doi.org/10.1016/j.parkreldis.2014.08.023  

Pigott, J. S., Davies, N., Chesterman, E., Read, J., Nimmons, D., 
Walters, K., Armstrong, M., & Schrag, A. (2024). Compound 
impact of cognitive and physical decline: A qualitative interview 
study of people with Parkinson's and cognitive impairment, 
caregivers and professionals. Health Expectations, 27, Article 
e13950. https://doi.org/10.1111/hex.13950  

Postuma, R. B., Berg, D., Stern, M., Poewe, W., Olanow, C. W., Oertel, 
W., Obeso, J., Marek, K., Litvan, I., & Lang, A. E. (2015). MDS 
clinical diagnostic criteria for Parkinson's disease. Movement 
Disorders, 30(12), 1591-1601. 
https://doi.org/10.1002/mds.26424  

https://doi.org/10.1016/j.neubiorev.2020.07.027
https://doi.org/10.1080/23279095.2021.1904243
https://doi.org/10.1002/mds.23688
https://doi.org/10.1007/s10072-018-3632-7
https://doi.org/10.1007/s10072-018-3632-7
https://doi.org/10.1212/WNL.0000000000001043
https://doi.org/10.1016/j.parkreldis.2014.08.023
https://doi.org/10.1111/hex.13950
https://doi.org/10.1002/mds.26424


77 
 
 

Prager, E. M., & Plotkin, J. L. (2019). Compartmental function and 
modulation of the striatum. Journal of Neuroscience Research, 
97(12), 1503-1514. https://doi.org/10.1002/jnr.24522  

Prange, S., Klinger, H., Laurencin, C., Danaila, T., & Thobois, S. 
(2022). Depression in patients with Parkinson’s Disease: 
Current understanding of its neurobiology and implications for 
treatment. Drugs and Aging, 39, 417-439. 
https://doi.org/10.1007/s40266-022-00942-1  

Quelhas, R., & Costa, M. (2009). Anxiety, depression, and quality of 
life in Parkinson's Disease. The Journal of Neuropsychiatry 
and Clinical Neurosciences, 21(4), 413-419. 
https://doi.org/10.1176/jnp.2009.21.4.413  

Ragin, C. C., & Rihoux, B. (2004). Qualitative comparative analysis 
(QCA): State of the art and prospects. Qualitative Methods, 
2(2), 3-13. https://doi.org/10.5281/zenodo.998222  

Redgrave, P., Rodriguez, M., Smith, Y., & Rodriguez-oroz, M. C. 
(2010). Goal-directed and habitual control in the basal ganglia : 
Implications for Parkinson’s disease. Nature Reviews 
Neuroscience, 11(11), 760-772. 
https://doi.org/10.1038/nrn2915  

Redick, T. S. (2019). The hype cycle of working memory training. 
Current Directions in Psychological Science, 28(5), 423-429. 
https://doi.org/10.1177/0963721419848668  

Reijnders, J. S. A. M., Ehrt, U., Weber, W. E. J., Aarsland, D., & 
Leentjens, A. F. G. (2008). A systematic review of prevalence 
studies of depression in Parkinson's disease. Movement 
Disorders, 23(2), 183-189. https://doi.org/10.1002/mds.21803  

Reuter, I., Mehnert, S., Sammer, G., Oechsner, M., & Engelhardt, M. 
(2012). Efficacy of a multimodal cognitive rehabilitation 
including psychomotor and endurance training in parkinsons 
disease. Journal of Aging Research, 2012, Article 235765. 
https://doi.org/10.1155/2012/235765  

Rodas, J. A., Asimakopoulou, A. A., & Greene, C. M. (2024). Can we 
enhance working memory? Bias and effectiveness in cognitive 
training studies. Psychonomic Bulletin and Review, 31(5), 
1891-1914. https://doi.org/10.3758/s13423-024-02466-8  

Rodriguez-Blazquez, C., Schrag, A., Rizos, A., Chaudhuri, K. R., 
Martinez-Martin, P., & Weintraub, D. (2021). Prevalence of 
non-notor symptoms and non-motor fluctuations in 
Parkinson's Disease using the MDS-NMS. Movement Disorders 
Clinical Practice, 8(2), 231-239. 
https://doi.org/10.1002/mdc3.13122  

Romero, F., & Sprenger, J. (2020). Scientific self-correction: The 
Bayesian way. Synthese, 198(23), 5803-5823. 
https://doi.org/10.1007/s11229-020-02697-x  

https://doi.org/10.1002/jnr.24522
https://doi.org/10.1007/s40266-022-00942-1
https://doi.org/10.1176/jnp.2009.21.4.413
https://doi.org/10.5281/zenodo.998222
https://doi.org/10.1038/nrn2915
https://doi.org/10.1177/0963721419848668
https://doi.org/10.1002/mds.21803
https://doi.org/10.1155/2012/235765
https://doi.org/10.3758/s13423-024-02466-8
https://doi.org/10.1002/mdc3.13122
https://doi.org/10.1007/s11229-020-02697-x


78 
 
 

Roy, M. A., Doiron, M., Talon-Croteau, J., Dupré, N., & Simard, M. 
(2018). Effects of antiParkinson medication on cognition in 
Parkinson's disease: A systematic review. Canadian Journal of 
Neurological Sciences, 45(4), 375-404. 
https://doi.org/10.1017/cjn.2018.21  

Sala, G., Deniz Aksayli, N., Semir Tatlidil, K., Tatsumi, T., Gondo, Y., 
& Gobet, F. (2019). Near and far transfer in cognitive training: 
A second-order meta-analysis. Collabra: Psychology, 5(1), 
Article 18. https://doi.org/10.1525/collabra.203  

Salmi, J., Ritakallio, L., Fellman, D., Ellfolk, U., Rinne, J. O., & Laine, 
M. (2020). Disentangling the role of working memory in 
Parkinson’s disease. Frontiers in Aging Neuroscience, 12, 
Article 572037. https://doi.org/10.3389/fnagi.2020.572037  

Salminen, T., Kühn, S., Frensch, P. A., & Schubert, T. (2016). Transfer 
after dual n-back training depends on striatal activation 
change. Journal of Neuroscience, 36(39), 10198-10213. 
https://doi.org/10.1523/JNEUROSCI.2305-15.2016  

Santangelo, G., Vitale, C., Picillo, M., Cuoco, S., Moccia, M., Pezzella, 
D., Erro, R., Longo, K., Vicidomini, C., & Pellecchia, M. T. 
(2015). Apathy and striatal dopamine transporter levels in de-
novo, untreated Parkinson's disease patients. Parkinsonism 
and Related Disorders, 21(5), 489-493. 
https://doi.org/10.1016/j.parkreldis.2015.02.015  

Santos-Garcia, D., de Deus Fonticoba, T., Cores Bartolome, C., Feal 
Painceiras, M. J., Garcia Diaz, I., Iniguez Alvarado, M. C., Paz, 
J. M., Jesus, S., Cosgaya, M., Garcia Caldentey, J., Caballol, N., 
Legarda, I., Hernandez Vara, J., Cabo, I., Lopez Manzanares, L., 
Gonzalez Aramburu, I., Avila Rivera, M. A., Gomez 
Mayordomo, V., Nogueira, V.,…Mir, P. (2023). Cognitive 
impairment and dementia in young onset Parkinson's disease. 
Journal of Neurology, 270(12), 5793-5812. 
https://doi.org/10.1007/s00415-023-11921-w  

Schapira, A. H. V., Chaudhuri, K. R., & Jenner, P. (2017). Non-motor 
features of Parkinson disease. Nature Reviews Neuroscience, 
18(7), 435-450. https://doi.org/10.1038/nrn.2017.62  

Schmiedek, F., Lovden, M., & Lindenberger, U. (2010). Hundred Days 
of Cognitive Training Enhance Broad Cognitive Abilities in 
Adulthood: Findings from the COGITO Study. Front Aging 
Neurosci, 2. https://doi.org/10.3389/fnagi.2010.00027  

Schmiedek, F., Lovden, M., & Lindenberger, U. (2014). A task is a task 
is a task: putting complex span, n-back, and other working 
memory indicators in psychometric context. Frontiers in 
Psychology, 5, Article 1475. 
https://doi.org/10.3389/fpsyg.2014.01475  

https://doi.org/10.1017/cjn.2018.21
https://doi.org/10.1525/collabra.203
https://doi.org/10.3389/fnagi.2020.572037
https://doi.org/10.1523/JNEUROSCI.2305-15.2016
https://doi.org/10.1016/j.parkreldis.2015.02.015
https://doi.org/10.1007/s00415-023-11921-w
https://doi.org/10.1038/nrn.2017.62
https://doi.org/10.3389/fnagi.2010.00027
https://doi.org/10.3389/fpsyg.2014.01475


79 
 
 

Seubert-Ravelo, A. N., Yanez-Tellez, M. G., Salgado-Ceballos, H., 
Escartin-Perez, R. E., Neri-Nani, G. A., & Velazquez-Osuna, S. 
(2016). Mild cognitive impairment in patients with early-onset 
Parkinson's Disease. Dementia and Geriatric Cognitive 
Disorders, 42(1-2), 17-30. https://doi.org/10.1159/000447533  

Sharpe, G., Macerollo, A., Fabbri, M., & Tripoliti, E. (2020). Non-
pharmacological treatment challenges in early Parkinson's 
disease for axial and cognitive symptoms: A mini review. 
Frontiers in Neurology, 11, Article 576569. 
https://doi.org/10.3389/fneur.2020.576569  

Shulman, L. M., Gruber-Baldini, A. L., Anderson, K. E., Vaughan, C. 
G., Reich, S. G., Fishman, P. S., & Weiner, W. J. (2008). The 
evolution of disability in Parkinson disease. Movement 
Disorders, 23(6), 790-796. https://doi.org/10.1002/mds.21879  

Simons, D. J., Boot, W. R., Charness, N., Gathercole, S. E., Chabris, C. 
F., Hambrick, D. Z., & Stine-Morrow, E. A. L. (2016). Do 
“brain-training” programs work? Psychological Science in the 
Public Interest, 17(3), 103-186. 
https://doi.org/10.1177/1529100616661983  

Smid, C. R., Karbach, J., & Steinbeis, N. (2020). Toward a science of 
effective cognitive training. Current Directions in Psychological 
Science, 29(6), 531-537. 
https://doi.org/10.1177/0963721420951599  

Snyder, H. R., Friedman, N. P., & Hankin, B. L. (2021). Associations 
between task performance and self-eeport measures of 
cognitive control: Shared versus distinct abilities. Assessment, 
28(4), 1080-1096. https://doi.org/10.1177/1073191120965694  

Snyder, H. R., Miyake, A., & Hankin, B. L. (2015). Advancing 
understanding of executive function impairments and 
psychopathology: Bridging the gap between clinical and 
cognitive approaches. Frontiers in Psychology, 6, Article 328. 
https://doi.org/10.3389/fpsyg.2015.00328  

Soveri, A., Karlsson, E. P. A., Waris, O., Grönholm-Nyman, P., & 
Laine, M. (2017). Pattern of near transfer effects following 
working memory training with a dual n-back task. 
Experimental Psychology, 64(4), 240-252. 
https://doi.org/10.1027/1618-3169/a000370  

Spay, C., Meyer, G., Welter, M. L., Lau, B., Boulinguez, P., & 
Ballanger, B. (2019). Functional imaging correlates of akinesia 
in Parkinson's disease: Still open issues. NeuroImage: Clinical, 
21, Article 101644. https://doi.org/10.1016/j.nicl.2018.101644  

Sprenger, A. M., Atkins, S. M., Bolger, D. J., Harbison, J. I., Novick, J. 
M., Chrabaszcz, J. S., Weems, S. A., Smith, V., Bobb, S., 
Bunting, M. F., & Dougherty, M. R. (2013). Training working 

https://doi.org/10.1159/000447533
https://doi.org/10.3389/fneur.2020.576569
https://doi.org/10.1002/mds.21879
https://doi.org/10.1177/1529100616661983
https://doi.org/10.1177/0963721420951599
https://doi.org/10.1177/1073191120965694
https://doi.org/10.3389/fpsyg.2015.00328
https://doi.org/10.1027/1618-3169/a000370
https://doi.org/10.1016/j.nicl.2018.101644


80 
 
 

memory: Limits of transfer. Intelligence, 41(5), 638-663. 
https://doi.org/10.1016/j.intell.2013.07.013  

Tang, H., Huang, J., Nie, K., Gan, R., Wang, L., Zhao, J., Huang, Z., 
Zhang, Y., & Wang, L. (2016). Cognitive profile of Parkinson's 
disease patients: a comparative study between early-onset and 
late-onset Parkinson's disease. International Journal of 
Neuroscience, 126(3), 227-234. 
https://doi.org/10.3109/00207454.2015.1010646  

Tanner, C. M., & Ostrem, J. L. (2024). Parkinson’s Disease. New 
England Journal of Medicine, 391(5), 442-452. 
https://doi.org/10.1056/NEJMra2401857  

Tate, R. L., & Perdices, M. (2020). Research note: Single-case 
experimental designs. Journal of Physiotherapy, 66(3), 202-
206. https://doi.org/10.1016/j.jphys.2020.06.004  

Tiwari, P. C., & Pal, R. (2017). The potential role of 
neuroinflammation and transcription factors in Parkinson 
disease. Dialogues in Clinical Neuroscience, 19(1), 71-80. 
https://doi.org/10.31887/dcns.2017.19.1/rpal  

Toplak, M. E., West, R. F., & Stanovich, K. E. (2013). Practitioner 
review: Do performance-based measures and ratings of 
executive function assess the same construct? The Journal of 
Child Psychology and Psychiatry, 54(2), 131-143. 
https://doi.org/10.1111/jcpp.12001  

Traut, H. J., Guild, R. M., & Munakata, Y. (2021). Why does cognitive 
training yield inconsistent benefits? A meta-analysis of 
individual differences in baseline cognitive abilities and 
training outcomes. Frontiers in Psychology, 12, Article 662139. 
https://doi.org/10.3389/fpsyg.2021.662139  

van Balkom, T. D., van den Heuvel, O. A., Berendse, H. W., van der 
Werf, Y. D., Hagen, R. H., Berk, T., & Vriend, C. (2023). Long-
term effects of cognitive training in Parkinson's disease: A 
randomized, controlled trial. Clinical Parkinsonism and 
Related Disorders, 9, Article 100204. 
https://doi.org/10.1016/j.prdoa.2023.100204  

Van De Weijer, S. C. F., Duits, A. A., Bloem, B. R., De Vries, N. M., 
Kessels, R. P. C., Köhler, S., Tissingh, G., & Kuijf, M. L. (2020). 
Feasibility of a cognitive training game in Parkinson's disease: 
the randomized parkin'play study. European Neurology, 83(4), 
426-432. https://doi.org/10.1159/000509685  

van Heugten, C. M., Ponds, R. W. H. M., & Kessels, R. P. C. (2016). 
Brain training: hype or hope? Neuropsychological 
Rehabilitation, 26(5-6), 639-644. 
https://doi.org/10.1080/09602011.2016.1186101  

Vecchi, T., Richardson, J., & Cavallini, E. (2005). Passive storage 
versus active processing in working memory: Evidence from 

https://doi.org/10.1016/j.intell.2013.07.013
https://doi.org/10.3109/00207454.2015.1010646
https://doi.org/10.1056/NEJMra2401857
https://doi.org/10.1016/j.jphys.2020.06.004
https://doi.org/10.31887/dcns.2017.19.1/rpal
https://doi.org/10.1111/jcpp.12001
https://doi.org/10.3389/fpsyg.2021.662139
https://doi.org/10.1016/j.prdoa.2023.100204
https://doi.org/10.1159/000509685
https://doi.org/10.1080/09602011.2016.1186101


81 
 
 

age-related variations in performance. European Journal of 
Cognitive Psychology, 17(4), 521-539. 
https://doi.org/10.1080/09541440440000140  

Verhülsdonk, S., Folkerts, A. K., Hasenberg, C., Bohn, C., Christl, J., 
Kalbe, E., & Krieger, T. (2023). Cognitive training for older 
prisoners: a qualitative analysis of prisoners’ and staff 
members’ perceptions. Frontiers in Aging Neuroscience, 15, 
Article 1332136. https://doi.org/10.3389/fnagi.2023.1332136  

von Bastian, C. C., Belleville, S., Udale, R. C., Reinhartz, A., Essounni, 
M., & Strobach, T. (2022). Mechanisms underlying training-
induced cognitive change. Nature Reviews Psychology, 1, 30-
41. https://doi.org/10.1038/s44159-021-00001-3  

von Bastian, C. C., Hyde, E. R. A., & Jiang, S. (2024). Tackling 
cognitive decline in late adulthood: Cognitive interventions. 
Current Opinion in Psychology, 56, Article 101780. 
https://doi.org/10.1016/j.copsyc.2023.101780  

von Bastian, C. C., & Oberauer, K. (2014). Effects and mechanisms of 
working memory training: A review. Psychological Research, 
78(6), 803-820. https://doi.org/10.1007/s00426-013-0524-6  

Vorovenci, R. J., Biundo, R., & Antonini, A. (2016). Therapy-resistant 
symptoms in Parkinson’s disease. Journal of Neural 
Transmission, 123(1), 19-30. https://doi.org/10.1007/s00702-
015-1463-8  

Walton, C. C., Naismith, S. L., Lampit, A., Mowszowski, L., & Lewis, S. 
J. G. (2017). Cognitive training in Parkinson's Disease: A 
theoretical perspective. Neurorehabilitation and Neural 
Repair, 31(3), 207-216. 
https://doi.org/10.1177/1545968316680489  

Walton, L., Neely, A. S., Bäckström, D., & Domellof, M. E. (2026). The 
experience of process-based cognitive training in people with 
Parkinson's disease: A route to transfer to everyday life. 
Neuropsychological Rehabilitation, 1-20. 
https://doi.org/10.1080/09602011.2026.2613961  

Waris, O., Soveri, A., & Laine, M. (2015). Transfer after working 
memory updating training. PLoS ONE, 10(9), Article e0138734. 
https://doi.org/10.1371/journal.pone.0138734  

Wechsler, D. (2008). Wechsler Adult Intelligence Scale: Fourth 
Edition. Pearson Assessment.  

Weintraub, D., Aarsland, D., Biundo, R., Dobkin, R., Goldman, J., & 
Lewis, S. (2022). Management of psychiatric and cognitive 
complications in Parkinson's disease. BMJ, 379, Article 
e068718. https://doi.org/10.1136/bmj-2021-068718  

Weintraub, D., Chahine, L. M., Hawkins, K. A., Siderowf, A., Eberly, 
S., Oakes, D., Seibyl, J., Stern, M. B., Marek, K., & Jennings, D. 
(2017). Cognition and the course of prodromal Parkinson's 

https://doi.org/10.1080/09541440440000140
https://doi.org/10.3389/fnagi.2023.1332136
https://doi.org/10.1038/s44159-021-00001-3
https://doi.org/10.1016/j.copsyc.2023.101780
https://doi.org/10.1007/s00426-013-0524-6
https://doi.org/10.1007/s00702-015-1463-8
https://doi.org/10.1007/s00702-015-1463-8
https://doi.org/10.1177/1545968316680489
https://doi.org/10.1080/09602011.2026.2613961
https://doi.org/10.1371/journal.pone.0138734
https://doi.org/10.1136/bmj-2021-068718


82 
 
 

disease. Movement Disorders, 32(11), 1640-1645. 
https://doi.org/10.1002/mds.27189  

Weintraub, D., Newberg, A. B., Cary, M. S., Siderowf, A. D., Moberg, 
P. J., Kleiner-Fisman, G., Duda, J. E., Stern, M. B., Mozley, D., 
& Katz, I. R. (2005). Striatal dopamine transporter imaging 
correlates with anxiety and depression symptoms in 
Parkinson’s disease. Journal of Nuclear Medicine, 46(2), 227-
232.  

Wongupparaj, P., Kumari, V., & Morris, R. G. (2015). The relation 
between a multicomponent working memory and intelligence: 
The roles of central executive and short-term storage functions. 
Intelligence, 53, 166-180. 
https://doi.org/10.1016/j.intell.2015.10.007  

World Health Organization. (2026). Mental Health. Retrieved 1 April 
from https://www.who.int/news-room/fact-
sheets/detail/mental-health-strengthening-our-response 

Worm-Smeitink, M., Gielissen, M., Bloot, L., van Laarhoven, H. W. 
M., van Engelen, B. G. M., van Riel, P., Bleijenberg, G., 
Nikolaus, S., & Knoop, H. (2017). The assessment of fatigue: 
psychometric qualities and norms for the checklist individual 
strength. Journal of Psychosomatic Research, 98, 40-46. 
https://doi.org/10.1016/j.jpsychores.2017.05.007  

Zhang, H., Huntley, J., Bhome, R., Holmes, B., Cahill, J., Gould, R. L., 
Wang, H., Yu, X., & Howard, R. (2019). Effect of computerised 
cognitive training on cognitive outcomes in mild cognitive 
impairment: A systematic review and meta-analysis. BMJ open, 
9, Article e027062. https://doi.org/10.1136/bmjopen-2018-
027062  

Zigmond, A. S., & Snaith, R. P. (1983). The hospital anxiety and 
depression scale. Acta psychiatrica Scandinavica, 67(6), 361-
370.  

 

https://doi.org/10.1002/mds.27189
https://doi.org/10.1016/j.intell.2015.10.007
https://www.who.int/news-room/fact-sheets/detail/mental-health-strengthening-our-response
https://www.who.int/news-room/fact-sheets/detail/mental-health-strengthening-our-response
https://doi.org/10.1016/j.jpsychores.2017.05.007
https://doi.org/10.1136/bmjopen-2018-027062
https://doi.org/10.1136/bmjopen-2018-027062


The Effects of Working 
Memory Updating Training in 
People with Parkinson’s Disease
Training Gain, Transfer, and Meaning

Lois Walton

Lois W
alton  |   T

he E
ffects of W

orking M
em

ory U
pdating Training in People w

ith Parkinson’s D
isease   |   2026:27

The Effects of Working Memory Updating 
Training in People with Parkinson’s Disease

Cognitive deficits are common in people with Parkinson’s disease (PD), reduce 
quality of life, and are poorly addressed by medication. This thesis investigated 
whether working memory updating (WMU) training can represent a promising 
cognitive intervention for people with PD. Across three studies, including a 
feasibility study, a randomized controlled trial, and a qualitative study, the 
thesis examined the feasibility, effects, and experience of WMU training. The 
results showed that WMU training is feasible and leads to measurable cognitive 
improvements. Immediate gains were observed on tasks that share cognitive 
processes with the training, and delayed improvements in broader cognitive 
domains. Participants also described emotional, motivational, and metacognitive 
changes during training that supported transfer to everyday life. Together, these 
findings may suggest that WMU training enhances both cognitive ability and 
cognitive efficiency in people with PD.

DOCTORAL THESIS   |   Karlstad University Studies   |   2026:27

Faculty of Arts and Social Sciences

Psychology

DOCTORAL THESIS   |   Karlstad University Studies   |   2026:27

ISSN 1403-8099

ISBN 978-91-7867-704-7 (pdf)

ISBN 978-91-7867-703-0 (print)


	Tom sida
	Study1.pdf
	The Effects of Working Memory Updating Training in Parkinson's Disease: A Feasibility and Single-Subject Study on Cognition, Movement and Functional Brain Response
	Introduction
	Feasibility Study
	Materials and Methods
	Participants
	Design
	Intervention
	Outcome Measures

	Results
	Summary

	Single-Subject Study
	Materials and Methods
	Participant
	Design
	Intervention
	Outcome Measures and Data Analysis
	Cognition
	Subjective cognitive complaints and psychological health
	fMRI image acquisition and analysis
	Goal-directed movement



	Results
	Training Gain in Criterion and Transfer Tests
	Subjective Cognitive Complaints and Psychological Health
	Goal-Directed Movement and Baseline Hand-Tremor
	Brain Imaging

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


	Study3.pdf
	Abstract
	Method
	Design
	Participants
	Data collection
	Data analysis
	Ethics approval

	Results
	Theme 1: taking on the training
	Theme 2: training feedback leads to reflection
	Theme 3: making the transfer to everyday life
	Relationship between the themes
	Themes in relation to group membership

	Discussion
	Disclosure statement
	ORCID
	References




