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Abstract 
Aging, also in the absence of pathological conditions, is associated with cogni-
tive decline, especially in so called fluid abilities, such as episodic memory and 
executive functions. Due to an ongoing demographic shift, a larger part of the 
population will reach higher ages, and more people will be affected by age-related 
cognitive decline. Finding ways of counteracting this development have the po-
tential of having large benefits for both individuals and society. It has long been 
known that living in environments that are rich in terms of cognitive challenges 
can affect cognitive ability in old age. In this regard, intervention studies in which 
the amount of cognitive stimulation is manipulated can therefore generate insights 
to the causality of such effects in specific cognitive functions. Cognitive training 
as means to counteract negative effects of aging on cognition has received a lot of 
scientific interest in the last decades.
	 This focus of this thesis is cognitive training interventions, which is stud-
ied from several perspectives. In Study i, the aim was to investigate the extent to 
which executive functions can be strengthened by training in younger and older 
adults, and to which degree such training generalize to other measures of cogni-
tion. Although a large body of research has been investigating training of working 
memory and executive functions in recent years, the results are diverse, and few 
have been targeting executive functions broadly with training programs based on 
theoretical models of executive functions. Study i showed that despite a broad 
training program targeting three executive functions (updating, shifting and inhi-
bition), it did not lead to transfer beyond the very near in old adults. The younger 
however showed transfer effects to measures of working memory.
	 In Study ii, the focus was on studying how the effects survive across time. 
There is limited knowledge about long-term effects of process-based training and 
the results showed that the training effect was stable after 1.5 years, while only the 
nearest transfer effect was still significant in both younger and older adults.
	 Study iii focused on individual factors affecting gain and maintenance there-
of in a sample of older individuals. We used a strategy-based intervention focusing 
on episodic memory performance with a number-consonant mnemonic which is a 
mnemonic for memorizing digit-codes. A different set of predictors was observed 
for baseline episodic memory performance and training gain. Those that are better 
off in terms of episodic memory performance, also gain more in the episodic mem-
ory criterion task. Further, a higher rate of processing speed was also important. 
Lastly, better verbal knowledge also influence gain beyond the other factors. The 
results have both theoretical implications regarding how plastic cognitive func-
tions are, and practical, in terms of how to best design training programs.
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Sammanfattning

Över hela världen blir vi äldre. År 2050 kommer en femtedel av jordens befolkning 
vara 60 år eller äldre, att jämföra med en knapp tiondel år 1950. Det är förstås en 
positiv utveckling men en åldrande befolkning innebär också att vi står inför flera 
utmaningar. En sådan rör det kognitiva åldrandet. Vi vet att åldrande kan leda till 
nedgång i vissa kognitiva förmågor, såsom det episodiska minnet samt exekutiva 
funktioner. Episodiskt minne är vår förmåga att komma ihåg upplevda händelser 
knutna till tid och rum. Exekutiva funktioner är ett begrepp som inbegriper vår 
förmåga att hålla en plan aktiv medan vi utför den, utan att distraheras av tankar 
eller externa störningsmoment. Genom att studera effekter av träning hos yngre 
och äldre vuxna på sådana kognitiva funktioner kan vi få kunskap om till vilken 
grad de kan förbättras och om denna förbättringspotential är olika beroende på 
ålder. Vi vet sedan tidigare att människor som under sin livstid lever ett kognitivt 
stimulerande liv också till viss del är skyddade mot nedgång i kognition under 
åldrandet. Träningsstudier kan ge kunskap om kausaliteten i sådana fynd.
	 Studie i i denna avhandling behandlar träning av exekutiva funktioner för 
yngre och äldre vuxna. Träningsprogrammet konstruerades utefter en teoretisk 
modell som beskriver exekutiva funktioner som bestående av förmågan att inhi-
bera störande stimuli eller överlärda responser, förmågan att uppdatera informa-
tion i arbetsminnet, och förmågan att skifta mellan att utföra olika uppgifter. Re-
sultaten visade att de yngre kunde generalisera träningseffekten också till otränade 
arbetsminnesuppgifter, medan de äldre endast visade förbättring på otränade up-
pgifter som hade stora likheter med de tränade.
	 I Studie ii undersöktes hur mycket av träningseffekterna som kvarstod ett 
och ett halvt år efter träningen. Resultaten visade att både för yngre och äldre 
så kvarstod effekten på tränade uppgifter samt en av uppgifterna som hade stort 
överlapp med träningsuppgifterna, för både unga och äldre.
	 I Studie iii studerades ett strategibaserat träningsprogram för episodiskt 
minne. Fokus låg på att undersöka vilka individuella kognitiva faktorer som 
påverkar förbättring som följd av träning. Resultaten visade att de med högre för-
måga i kognitiv bearbetningshastighet samt verbal förmåga var de som hade bäst 
förutsättningar för förbättring.
	 Resultaten från dessa studier är av både teoretisk relevans i och med att de 
ökar förståelsen för träningsbarheten av exekutiva funktioner, samt har praktisk 
relevans för utformning av träningsprogram. 
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Introduction

Louis:	 Claudia, don’t!
Claudia [Beginning to cut her hair]: 
		  Why not? Can’t I change, like everybody else?
		  […]
Claudia:	 Why?! [did you turn me into a vampire]
Louis:	 You see that old woman? That will never happen to you.
		  You will never grow old, and you will never die.
Claudia:	 And it means something else too, doesn’t it?
		  I shall never ever grow up. I hate him.

- Anne Rice, Interview with the vampire

When the young vampire Claudia cuts her hair, it grows back. When she gets a 
wound, it heals. Her body stays exactly the same as when she became a vampire. 
Claudia’s realization that she will never change, and never grow old, but will stay a 
child forever, has a deep sadness and anger to it. She realizes that being a vampire 
means being conserved in time.
	 Fortunately, as opposed to vampires, humans do grow old – and in greater 
numbers now than ever before. All across the world, we live longer. In 2050, one 
fifth of the global population (22 %) will be over 60 years, as compared to 8 percent 
in 1950. (United Nations, 2010). An average 60-year-old in the beginning of the 
21st century have many more years to live than a person of the same age 100 years 
ago (Lutz, Sanderson, & Scherbov, 2008). This is undoubtedly a positive develop-
ment, but at the same time, we are faced with challenges associated with it. 
	 Aging, also in the absence of pathological conditions such as Alzheimer’s dis-
ease, is associated with cognitive decline (for reviews, see Buckner, Head, & Lustig, 
2006; Hoyer & Verhaeghen, 2006; Nyberg, Lövdén, Riklund, Lindenberger, & 
Bäckman, 2012; Park & Reuter-Lorenz, 2009), especially in so called fluid abili-
ties, such as episodic memory and executive functions. Crystallized, or knowledge-
based, abilities decline less (Rönnlund, Nyberg, Bäckman, & Nilsson, 2005).
	 One challenge related to the demographic shift where a larger part of the 
population reaches higher ages, is thus that more people will be affected by age-
related cognitive decline. Finding ways of counteracting this development have the 
potential of having large benefits for both individuals and society. It has long been 
known that living in environments that are rich in terms of cognitive challenges 
can affect an organism’s cognitive ability in old age. An early example of this is a 
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study by Hebb (1947), showing that old rats who had been raised in enriched envi-
ronments were superior to their lab counterparts in cognitive performance as meas-
ured by navigating in a maze. It has since been shown that living in environments 
which are rich and varying in terms of cognitive demands also affects human 
cognition; and that people in particular environments show neuronal changes in 
response to the requirements on cognition. For example, London taxi drivers have 
a larger posterior hippocampus than non-taxi drivers, due to extensive training 
on navigating (Maguire et al., 2000). Such changes are usually called enrichment 
effects, since they are the result of “enriched” environment. The related concept 
of cognitive reserve (Stern, 2009) highlights the fact that some people seem to 
have built up a reserve capacity through cognitively stimulating lifestyle, which 
act protective against age-related cognitive decline or even dementia, so that even 
in the face of brain pathology, functional levels are above what should be expected 
(Barulli & Stern, 2013). The fact that the extent of cognitive activation throughout 
life affects cognition in old age may seem intuitive, but in fact the earlier view on 
aging was that it was essentially a period of universal decline. Since the studies of 
enrichment effects and cognitive reserve mostly are correlational in nature, little 
can be said about the direction about such effects. Cognitive training as means 
to counteract negative effects of aging on cognition has received a lot of scientific 
interest in the last decades and can also give insights into to which extent environ-
mental factors play a role in strengthening specific cognitive functions through the 
life span.

Plasticity

Armand: 	 The world changes, we do not, there lies the irony that finally kills us.
- Anne Rice, Interview with the vampire

To continue with the vampire analogy just a little longer – vampires are, since they 
lack the ability of bodily change, also hindered in terms of learning from experi-
ence. As has been mentioned above, humans, to the contrary, have highly flexible 
cognitive systems. We are dependent on learning great amounts of knowledge and 
skills and our brain and behavior constantly face new environmental demands and 
need to adapt accordingly. For humans, learning is not an option – it is mandatory. 
Plasticity is a term which is used to describe this property of mind and brain, and 
it can be described in both physiological and behavioral terms. Brain plasticity 
refers to reorganization of the brain in terms of, for example, changes in strength 
in synaptic activity, cortical reorganization, or metabolic changes between areas of 
the brain as measured by differences in blood flow. Behavioral plasticity describes 
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changes in behavior – new knowledge or skills such as e.g. the mastering of hand-
writing; or a larger knowledge base about rivers in Sweden or German prepositions.
	 It should be noted that brain and behavior changes continuously, but that 
plasticity implies some degree of stability of that change. The changes in neural 
activity corresponding to performing routine tasks would not be considered brain 
plasticity, nor would reading a sentence in one’s native language be an example of 
behavioral plasticity, despite the fact that they both requires some form of change 
of brain and behavior1. Day-to-day changes in performance on different tasks are 
also not enough to be defined as plastic change. Noack, Lövdén, Schmiedek, and 
Lindenberger (2009), highlights that performance on a specific task may fluctu-
ate depending on factors such as mood, fatigue, or motivation, or on differences 
in strategies applied to solve a specific task. Such factors indeed affect cognition, 
but they are considered to be situated within a person’s current range of perfor-
mance. In a theoretical framework presented by the same group (Lövdén, Bäck-
man, Lindenberger, Schaefer, & Schmiedek, 2010), plasticity is contrasted to flex-
ibility, where the latter describes the current range of performance, while plasticity 
means extending these limits. They point out that plasticity requires a prolonged 
mismatch between the available resources and requirements from the environment 
to occur.
	 Typically, plastic change is described to be reactive – and a result of changes 
in external or internal environment (Draganski & May, 2008), such as when brain 
and behavior adjusts after an injury, or as a result of a prolonged training period. 
It is the resulting change, which the system undergoes in response, which is the 
manifestation of plasticity. Thus, increased performance in juggling after training 
is a manifestation of plasticity, as is increase in grey matter in specific areas of the 
brain (Draganski et al., 2004).
	 Plasticity is most prominent during childhood, which can be exemplified 
with children’s superior ability to learn a new language or motor skill compared 
to adults. However, older adults do retain the ability to learn. While an earlier 
view was that old age was considered a period of rigidity in terms of learning and 
plasticity, or that “you can’t teach an old dog new tricks“, this view has changed. 
The current view underlines that plasticity shapes a person throughout life. Within 
the field of life-span development, influence of social context and personal behav-
ior on brain and cognitive development is stressed (Hertzog, Kramer, Wilson, & 
Lindenberger, 2009), so that a co-constructive interaction between environment 
and biology take place and affects cognition throughout the life-span (Baltes, 1987; 

1 This means, of course, that the fact that vampires manage to learn anything at all, is somewhat of a 
paradox.
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S.-C. Li, 2009). It should also be highlighted that plastic changes are not unidirec-
tional. Mahncke et al. (2006), points out that the aging process itself constitutes an 
interaction between environment and genetic factors leading to negative plasticity 
of brain and behavior resulting in age-related cognitive decline. Viewing cogni-
tive aging as a plastic process also helps highlighting that such a process might be 
subject to positive reinforcement and plasticity as well, implying a possibility of 
slowing this process through focused training.
	 This thesis center around plasticity as studied with cognitive training inter-
ventions, which I will study from several perspectives. I will  investigate the extent 
to which executive functions, (our ability to plan and execute complex actions 
without getting distracted by external events or internal thoughts), can be strength-
ened by training in younger and older adults, and to which degree such training 
generalize to other measures of cognition, and how the effects survive across time. 
Further, I will also study factors affecting gain and maintenance thereof in a strat-
egy-based intervention focusing on episodic memory (a long-term memory system 
that allows conscious recollection of previously experienced episodes). These two 
aspects of cognition have shown to exhibit relatively large age-related decline, and 
are therefore interesting targets for cognitive training studies.

Memory

Remembering you, standing quiet in the rain, as I ran to your heart to be near.
- The Cure, 1989

Memory is without doubt a central aspect of being human and is a versatile con-
struct. We can remember how the warmth of the sun or the chill of the rain feels; 
we can recall what we ate for breakfast this morning, or how to change the tires on 
the bike. We have a vast knowledge-base gained across our life-time; and previous 
experiences constantly influence how we react and adapt to our environment. Dif-
ferent aspects of memory have shown to be subject to decline during aging, and to 
give a background to this I will first give a brief overview of memory systems and 
processes.
	 Memory is typically defined as operations of the mind which includes encod-
ing, storage, and retrieval of information (Hoyer & Verhaeghen, 2006). Encoding 
refers to the stage at which information first enter a memory system. During stor-
age that information is maintained, and can later be retrieved from storage.
	 Since the early days of memory research, it has been recognized that memory is 
best understood by subdividing it into different systems, which can also be illustrated 
by the examples above. William James (1890), in his seminal work – The principles of 



5

psychology – suggested that memory consists of primary memory, which represents 
memory over the short term, while secondary memory are the memories which per-
sists over time. Further, he also recognized that memory is distinct from habit, where 
the latter affects our behavior but does not necessarily involve conscious recollection.
	 The division of memory into systems which operates over short and long term 
persists into present day. Short-term/working memory is concerned with holding 
and/or manipulating information over a brief period, while long-term memory are 
memories which are largely stable over time. Long-term memory is in turn usu-
ally divided further into several subsystems. The empirical study of the division 
of long-term memory started with the observation that severely amnesic patients 
with damage to their medial temporal lobes, including the hippocampus, could 
learn a new complex procedural skill without having any conscious recollection of 
practicing the task2 (Milner, Corkin, & Teuber, 1968). During the 1980s and 90s, 
a division of memory into declarative and non-declarative systems got widely ac-
cepted, and a taxonomy was proposed (Squire, 1987, 2004). According to this, the 
non-declarative memory systems are characterized by types of memory in which 
performance is affected by earlier events, but does not require conscious recollec-
tion of that event. Included in non-declarative memory are procedural memory, 
priming, classical conditioning, and nonassociative learning. Declarative memory, 
on the other hand, includes our conscious recollection of facts, or semantic memo-
ry, and encoding and retrieval of personally experienced episodes tied to a specific 
time and place, or episodic memory (Tulving, 1972).
	 Episodic memory is what makes us go back in time and re-live past experi-
ences, or “mentally travel in time”. It is a late developing memory system and it is 
sometimes argued that this memory system separates humans from other animals. 
Episodic memory is proposed to require semantic memory but going beyond it, 
since whereas semantic memory does not require recollection of where and when a 
particular event took place, episodic memory does (Tulving, 2002).
	 Episodic memory is usually studied by presenting lists of e.g words, numbers, 
sentences or other information to people, which they are later asked to recall. This can 
be tested both in terms of recognition and recall tasks. Recall tasks requires recalling 
the previously studied information without any cues, while recognition can be studied 
by presenting a second list with both new and old items, where the task is to recognize 
which items have been previously encountered.
	 The division of memory into different subsystem is relevant within the field 

2 Young patient H.M. got parts of his medial temporal lobes, including the hippocampus, surgically 
removed in order to treat epilepsy (Scoville & Milner, 1957), and was left amnesic. He was unable 
to form new episodic memories, and was severely hindered in learning new facts as well, with a few 
exceptions where he could learn new facts over a large amount of learning trials.
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of cognitive aging, since not all types of memory are affected in the same way by 
the aging process. Non-declarative memory is usually considered to remain in-
tact during aging (Fleischman, Wilson, Gabrieli, Bienias, & Bennett, 2004) while 
semantic memory is suggested to be stable up to ages around 60 years. Episodic 
memory is the system that most consistently over studies show age-related decline 
(Rönnlund, Nyberg, Bäckman, & Nilsson, 2005), and it will be further described 
in the chapter about Aging and cognition.

Executive functions

”Man kan ju inte tänka på allt”, sa jättemyrsloken tyst. ”Det får liksom bara plats ett 
visst antal tankar i taget. Kanske … två. Eller tre i bästa fall. Jo, tre tankar klarar jag 
nog ...”

(“One cannot think of everything”, the giant anteater said quietly. “There is like only 
room for a certain amount of thoughts at the same time. Perhaps … two. Or three at 
best. Yes, I can probably manage three thoughts … “). [My translation]

- Olsson, En annan resa (2012)

The term executive functions3, unlike many other psychological constructs, such 
as for example memory or attention, does not have an obvious counterpart in 
common language, but is used extensively in psychological research and clinical 
practice. There is a quite broad set of definitions, but generally, it is used to describe 
how humans manage to select actions and thoughts in relation to internal goals, 
rather than to merely act on internal and external impulses. Humans are highly 
flexible in terms of how to react to a given situation, which makes such processes 
necessary (Miller & Cohen, 2001). Executive functions have been shown to be 
involved in episodic memory in tasks which requires elaborate rehearsal, remem-
bering of source information, and when appropriate strategies for encoding and re-
trieval has to be generated. There are also well-established links between measures 
of executive functioning and working memory, intelligence (Salthouse, Atkinson, 
& Berish, 2003), and self-regulation (Hofmann, Schmeichel, & Baddeley, 2012).
	 Executive functions are vulnerable to both external and internal factors, and 
are usually affected by stress and periods of insomnia, and has been shown to de-
crease in a variety of ill-health conditions such as chronic pain (Glass et al., 2011), 
breast cancer (Kesler et al., 2013), and depression (Harvey et al., 2004). They are 

3 Sometimes other terms are used, such as cognitive control, or executive control processes. Al-
though not completely synonymous they are highly similar in terms of how they are operationalized. 
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also affected during the course of normal aging (Royall, Palmer, Chiodo, & Polk, 
2004). This state of affairs has motivated attempts to strengthen executive function 
through practice and this is also the focus of the first two studies of this thesis.
	 Empirical research on executive functions originates from the field of neu-
ropsychology and the study of patients with frontal lobe damage (Stuss et al., 
2002), which has been linked to a set of symptoms related to aspects of planning 
and regulating behavior (Daniels, Toth, & Jacoby, 2006). With the unfortunate 
case of Phineas Gage4, the term executive functions became more widely used 
and studied (Daniels, Toth, & Jacoby, 2006). Luria (1966) who, after studying 
war veterans with brain injuries, proposed that the frontal lobes were at the high-
est level of cognitive organization, and the seat of a central executive, critical for 
planning, initiating and regulating behavior. Other frontal lobe patients have since 
been studied, and this has revealed a diverse pattern of symptoms which involve 
organization and planning of behavior, abstract thinking, setting a plan and keep 
to it, regulating emotions and impulses, monitoring behavior, and deal with novel 
situations (Daniels, Toth, & Jacoby, 2006).
	 Within the field of cognitive psychology, executive functions have been stud-
ied within frameworks of working memory models. Working memory can be de-
scribed as our ability to briefly store and manipulate information. One influential 
model is that of Baddeley and Hitch, (1974). It stipulates that working memory 
consists of three storage systems: a phonological loop, which is concerned with au-
ditory and language-based information; a visuospatial sketchpad, which allows us 
to see for our inner eye and rotate visual stimuli or mentally draw a map; and the 
episodic buffer which integrate information with long-term memory. The fourth 
component of this system is the central executive, which controls and directs at-
tention to the two storage modules. Another model of working memory is one 
proposed by (Cowan, 1988; 2008), in which the central executive also have a promi-
nent position, governing attention in a similar way, but where the information in 
working memory is viewed as long-term memories held in an activated form in 
the focus of attention. Cowan further stresses in the same article, that the central 
executive should be seen as an equivalent to limited capacity, control processes; or 
effortful processing as described by Shiffrin and Schneider (1977) and Kahneman 
(1973). Baddeley also stresses the linkage to other models and underlines that the 

4 Phineas Gage was a young foreman working at a railway construction site. One day, an accidental 
explosion caused a large iron bar to become a projectile which pierced right through Gage’s head, 
entering in the cheek and exiting on the top of his head. He survived the violent event but a large 
portion of his frontal lobes had been destroyed by the rod. After miraculously surviving and recover-
ing from the injury, Gage could no longer regulate his behavior, language, and emotions in the same 
way, which led his coworkers to even state that he was no longer the same person (Mesulam, 2002).
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central executive of his model has large similarities with the Supervisory Atten-
tional System (sas) in the information processing model by Norman and Shallice 
(1986).
	 The central executive/executive functions have sometimes been accused of 
having properties resembling a homunculus, or a small person sitting in the brain 
guiding attention (Hazy, Frank, & O’Reilly, 2007). Computational modeling has 
been one approach to try to exclude the need of a homunculus, and testing hy-
potheses about how these functions might be implemented in the brain, based on 
neuroimaging findings of brain areas involved in executive functioning. In these 
models the basal ganglia serves as a gating mechanism into the prefrontal cor-
tex, which in turn maintains task-relevant information (Botvinick, Braver, Barch, 
Carter, & Cohen, 2001; Braver & Barch, 2002; Cohen, Braver, & O’Reilly, 1996; 
Koechlin & Summerfield, 2007).
	 As is apparent from the above description, executive functions are present 
in several models of memory and information processing over the short term. All 
models have in common that the executive functions consist of a limited pool of 
resources which restricts how much information can be processed at any given mo-
ment. Sometimes other terms, such as cognitive control is used to describe

Subprocesses of executive functions

A debated issue in the literature is whether executive functions should be seen as a 
unitary construct or as composed of several distinct sub-functions (Teuber, 1972). 
Some underline the fact that all executive functions tasks are constricted by a 
common executive attention construct (Engle, 2002; Shenhav, Botvinick, & Co-
hen, 2013). Others have argued that executive functions are best described as a set 
of related but separable control processes (Chatham et al., 2011; Collette, Hogge, 
Salmon, & Van Der Linden, 2006; Friedman et al., 2006). The identification of 
such sub-processes is motivated by the diverse range of mental operations needed 
in order to perform tasks requiring planning, monitoring and execution of com-
plex cognitive performance, often measured with tests such as Tower of Hanoi/
London. Examples of proposed sub-processes are monitoring of behavior; updat-
ing of information in working memory/focus of attention; shifting between mental 
tasks or sets; and inhibiting automatic or prepotent responses; dual-tasking; inter-
ference control; cognitive flexibility; and some also view working memory as an 
executive function (Diamond, 2013). In studies focusing on individual differences 
in executive functions, it has been shown that it might be useful to view executive 
functions as both unitary and diverse in nature (Miyake et al., 2000). 
	 In this thesis, a model of subprocesses of executive functioning proposed by 
Miyake and colleagues (2000), (see also Miyake & Friedman, 2012, for a review of 
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the group’s findings), serves as a theoretical basis. The authors stressed the need for 
developing a theory about the organization of executive functions and their role 
in complex cognition. They performed a latent variable analysis in order to study 
how three executive functions prominently described in the literature, related to 
each other, and how they contributed to complex clinical executive tasks. They 
used multiple tasks for each of three core components: Inhibition, shifting, and 
updating. The three factors in the model of best fit were shown to be moderately 
correlated with each other, but clearly separable, and further that they contributed 
somewhat differently to the more complex executive tasks. In conclusion, Miyake 
and colleagues suggested that the three executive functions should be viewed as 
part of the same underlying construct but that they are also clearly separate from 
one another, thus presenting a three-factor model of executive functions. This 
model serves as a theoretical basis for the training program used in the first two 
studies. This general pattern of unity and diversity among executive functions has 
since been replicated including both young (Friedman et al., 2006), and old (Fisk 
& Sharp, 2004). The three factors described in the model are as follows:
	 Inhibition refers to the suppression of information not relevant at the time, 
and of overlearned automatic responses (Hamilton & Martin, 2005). Inhibition is 
proposed to be involved in shutting out irrelevant environmental stimuli as well as 
internal thoughts, and when holding back responses which are automatically trig-
gered. Inhibition is needed for example in order to block out a conversation from 
the corridor when trying to focus on work, as well as when avoiding scratching the 
mosquito bites or hindering the mind from wandering away from the task at hand. 
Inhibition is proposed to be important also in pain and emotion regulation (Clarke 
& Johnstone, 2013).
	 Shifting is involved when attention has to be alternated between different 
stimulus streams or task sets. Task sets are representations which guide perfor-
mance of a specific stimulus response-mapping when there are many possible 
responses associated with a stimulus. Many complex tasks which we encounter 
requires holding several pieces of information in an active state and alternating be-
tween them, such as for example when an air traffic controller has to shift quickly 
between checking several different systems running at the same time, or when a 
driver has to switch attention between an ongoing conversation and the traffic 
situation. Shifting between different tasks is associated with a time cost each time 
a shift has to be performed. The switch cost probably represents the time which 
is needed in order to resolve interference from earlier conflicting task sets, repre-
sented in the brain by persistent neural firing in the prefrontal cortex related to the 
previous task set. Further, it is also thought of as the time to reconfigurate task sets, 
which includes retrieving information form long-term memory (Herd et al., 2014).
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The third subprocess is Updating of current content in working memory/the focus of 
attention. Since we cannot hold an unlimited amount of information in the focus 
of attention at one time, there is a need to be able to update what should currently 
be held there. Updating can be thought of both as updating of working memory 
content and updating of goal representations or rules. Updating is thought to be 
involved whenever earlier representations in working memory have to be replaced 
with new information. This can be both in the form of specific memory content, 
but also goals or plans which has to be maintained or replaced. The basal ganglia 
and the dopamine system have been stressed as a gating mechanism into prefrontal 
cortex where representations are maintained (Chatham et al., 2011).
	 This general pattern of both unity and diversity of executive functions has 
been confirmed in several studies, although the pattern can vary between stud-
ies. In recent years, a new version of the model has been proposed, in which the 
focus is to study the biological and cognitive underpinnings of this unity and 
diversity (Miyake & Friedman, 2012), a framework which they name the unity/
diversity framework. According to this model, the measures of shifting and updat-
ing reflects both a shifting-specific/updating-specific component, and a common 
ef component, while the common ef component captured all the variance in the 
inhibition tasks (Friedman et al., 2008; Miyake & Friedman, 2012).
	 Executive functions/cognitive control have been described thoroughly in the 
literature from several different theoretical perspectives, and are also being sug-
gested to be involved in cognitive aging, which makes them an interesting target 
for cognitive training.

Aging and cognition

“Winter is coming.”

– House Stark
 

It is widely accepted that aging is associated with changes in cognitive functioning, 
also in the absence of pathological conditions such as Alzheimer’s disease, which 
also comports with subjective complaints of memory decline (Nilsson, 2003; Reid 
& Maclullich, 2006; Vestergren & Nilsson, 2011. For reviews, see Buckner, Head, & 
Lustig, 2006; Hoyer & Verhaeghen, 2006; Nyberg, Lövdén, Riklund, Lindenberger, 
& Bäckman, 2012; Park & Reuter-Lorenz, 2009). A decrease in functioning has been 
observed in several cognitive domains. However, not all aspects of cognition are af-
fected by age to the same extent. Generally, so called fluid (or process-related) abilities 
deteriorate to a higher degree than crystallized (knowledge-based) abilities (Hertzog 
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et al., 2008). The episodic memory system is disproportionally affected, as are speed 
of processing and attention-related constructs such as executive functions and work-
ing memory capacity. Implicit memory systems, such as priming and procedural 
memory, do not decline with age, and knowledge storage (stored semantic memories) 
if it does decline, seems to do so later than episodic memory (Park & Reuter-Lorenz, 
2009; Rönnlund, Nyberg, Bäckman, & Nilsson, 2005). There are some discrepancy 
between studies, depending on the study design used, as to onset and slope of decline. 
Cross-sectional studies of episodic memory performance for example, have shown a 
linear pattern of decline with onset as early as in the 20s (S.-C. Li et al., 2004; Park et 
al., 1996), while longitudinal studies suggests that episodic memory is preserved until 
around 60-65 years of age, after which they show an accelerating decline (Rönnlund, 
Nyberg, Bäckman, & Nilsson, 2005; Schaie, 2005).
	 Several ways of explaining the cognitive decline in old adulthood have been 
proposed, and the following description will therefore be selective. Some of the 
theories have proposed that a decline in domain-general processing mechanisms 
can explain general cognitive decline, but also several domain-specific theories ex-
ist, such as for episodic memory.
	 One influential theory is the processing speed account for cognitive aging 
(Birren, 1974 & Salthouse, 1996). This theory states that during aging, the speed 
by which cognitive operations can be performed is decreased, and that this in turn 
is the most important limiting factor behind cognitive aging of fluid abilities. The 
decrease of processing speed limits the amount of operations that can be performed 
within a given time, and because earlier processing might be lost when later pro-
cessing is completed. This limited time mechanism is particularly influencing per-
formance when the time to perform a cognitive operation is limited, or when the 
available time has to be shared between several complex tasks, such as in executively 
demanding tasks. Salthouse argues that if performance in complex tasks is restrict-
ed by the ability to perform simpler operations, and those simpler operations take 
longer time to execute, this affects overall performance (Salthouse, 1996). Further, 
if products of earlier processing are lost before later processing is completed, this 
will also affect performance. Evidence in favor of the processing speed account for 
cognitive aging has been for example the finding that when speed of processing 
is controlled statistically, the amount of age-related variance in working memory 
measures is reduced (Salthouse & Babcock, 1991).
	 Criticism against the processing speed account has been raised, and it is point-
ed out that the empirical findings rely mostly on cross-sectional data (Lindenberger, 
von Oertzen, Ghisletta, & Hertzog, 2011). The influence of speed has been shown 
to be smaller in longitudinal desings (Robitaille, 2013). It has also been pointed out 
that the generalized slowing could be reflecting a balance between plasticity and 
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deterioration rather than an explanation of that balance (Greenwood, 2007).
	 The inhibitory deficit theory of cognitive aging (Hasher & Zacks, 1988; Lust-
ig, Hasher, & Zacks, 2007) states that in old age, inhibitory mechanisms decline, 
which leads to a decreased ability to suppress irrelevant information from entering 
the focus of attention. Older adults are for example disproportionally affected by 
distracting information when reading a text (Carlson, Hasher, Zacks, & Connelly, 
1995). Decreased inhibitory skill also affects the ability to delete no longer relevant 
information from attention focus, as well as holding back responses which are 
inappropriate at the time (Lustig et al., 2007). A point to note regarding this is 
that inability to ignore distractors can also lead to better performance in old versus 
young, if the distracting information later turns out to be useful (Rowe, Valder-
rama, Hasher, & Lenartowicz, 2006). Further, this view has been criticized for 
focusing on only one aspect of processing (Greenwood, 2007).
	 Related to the inhibitory deficit theory are theories which state that the 
amount of attentional resources is the limiting factor in ageing. Evidence for this is 
provided by studies showing that under divided attention conditions, younger low-
er their performance to similar levels as older under single-task conditions. Ander-
son, Craik, and Naveh-Benjamin (1998) showed that older adults’ reaction times 
and correct responses in a memory task were similar to when young performed 
the same task with divided attention. According to the long-standing Levels of 
processing theory, memory performance is better if the material to be remembered 
is elaborated on and processed in depth (Craik & Lockhart, 1972). In order to for 
such processing to be possible, there is a need for allocating attentional resources, 
and if they are not sufficiently available, the encoding and subsequent recall will 
be affected negatively.
	 Further, related to findings described above, episodic memory performance 
has been shown to be affected the most in conditions which puts large demands on 
processing resources at encoding or retrieval (Bouazzaoui et al., 2014). At encod-
ing, older adults are disproportionally affected when there is little support, and 
during divided attention tasks. When support is given at encoding, for example 
through a descriptive phrase accompanying words to be remembered (Craik, Byrd, 
& Swanson, 1987), age deficits are less pronounced. During retrieval, as with en-
coding, episodic memory performance become more impaired in tasks that puts 
larger demands on executive functions (Daselaar, Dennis, & Cabeza, 2007). Thus, 
in the absence of environmental support or explicit instructions, older adults tend 
to engage less in controlled processes such as elaborative processing and binding 
operations as compared to young (Daniels et al., 2006).
	 The theories described above highlights the importance of deterioration of 
domain-general processing resources in aging. Other theories have focused specifi-



13

cally on episodic memory decline, such as the Associative deficit theory (Naveh-
Benjamin, Guez, Kilb, & Reedy, 2004). Episodic memory is often dependent on 
the ability to associate pieces of information with one another into a coherent 
whole, such as the name of the new coworker, or the time and place of an upcom-
ing birthday party, which is later remembered as belonging to the same unit. This 
process is usually called binding and it has also shown to decline in old age and 
this decrease has been suggested to reflect part of the reason for decline in episodic 
memory performance specifically. Older adults have been shown to be more pun-
ished in tasks which requires such binding of information as compared to when 
only remember one item. Naveh-Benjamin, Guez, Kilb, and Reedy (2004) tested 
younger and older adults in a face-name recognition task and compared it to recog-
nition of face and name. The former generated much larger age-related differences, 
also over and beyond the effects of divided attention.
	 Based on observed age-related changes in structure and function of the pre-
frontal cortex, together with evidence of disproportionate performance decrement 
in more executively demanding tasks, a frontal/executive hypothesis of cognitive 
aging has been suggested, which underlines the inefficiency of executive functions 
as a key factor for decline (Raz, Gunning-Dixon, Head, Dupuis, & Acker, 1998; 
West, 1996). Executive functions can be viewed as supporting the generation of 
appropriate strategies, and support focusing and maintenance of abstract repre-
sentations in other cognitive operations such as in episodic memory tasks (Bouaz-
zaoui et al., 2014). Also in studies of working memory performance, it has been 
shown that age differences in working memory are enlarged when task difficulty 
is increased, which can be interpreted as a higher dependence on executive func-
tions (Daselaar, Dennis, & Cabeza, 2007). While older adults perform similarly on 
simple span tasks such as digit span tasks, there are large age-difference on more 
complex tasks such as e.g. the n-back task (Dobbs & Rule, 1989), which is consid-
ered to measure the executive function updating.
	 Thus, it seems that a range of cognitive tasks require greater resources in the 
form of executive functions in older than in younger adults. A pattern which can 
seem rather contradictory in this regard is the fact that despite older adults limited 
executive resources, they need to rely more on them when performing challenging 
tasks (Bouazzaoui et al., 2014). The increase in reliance on executive functions has 
been suggested to act as a compensatory mechanism for other types of cognitive 
decline. Neuroimaging studies have further shown that older adults tend to show 
a more lateralized pattern of activation in prefrontal areas than younger adults do 
(Daselaar, Dennis, & Cabeza, 2007), but is complicated by findings of prefrontal 
under-recruitment (Logan et al., 2002). This is in line with a compensatory view, 
so that older adults over-activate these brain networks in order to compensate for 
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declining efficiencies of them, or for reduced processing efficiency elsewhere in 
the brain, such as the medial temporal lobe (Reuter-Lorenz & Cappell, 2008). In 
contrast to the prefrontal cortex, the medial temporal lobe typically shows an ac-
tivation decline in older compared to younger adults and this has been associated 
with decreased binding ability.
	 In sum, age-related cognitive decline may best be understood in terms of 
limited amount of resources in the form of processing speed, working memory 
capacity, inhibition, and executive functions, which all show decline to a varying 
degree with increasing age.
	 It should be noted also, that a factor which likely affect the amount of pro-
cessing resources is the decline in sensory functioning. Sight and hearing are com-
monly affected in aging (Buckner, Head, & Lustig, 2006), which can make signal-
to noise ratio higher, and stimuli harder to interpret. This probably affect several 
aspects of cognition – in episodic memory, it has been shown that if younger adults 
are presented with information in auditory noise, they perform at the same level 
as older adults under quiet conditions (Murphy, Craik, Li, & Schneider, 2000). 
Executive functions are vulnerable to several factors, including noisy environment, 
and this sensory processing decrement likely affect their functioning in old age as 
well. The decrease in sensory functioning may lead to a need for greater cognitive 
effort to uphold sensory functioning, thus leaving less available resources for cogni-
tive operations. This view underlines that the increased noise in perceptual process-
ing is a key factor for age-related memory reductions (Schnieder and Pichora-Fuller, 
2000). Such findings are important to have in mind when studying cognitive func-
tioning in old age.
	 When a larger proportion of the population reaches higher ages, more people 
will be affected by age-related cognitive changes. Because of this, it gets increas-
ingly important to study the possibilities of slowing or reversing decline, so that 
more people can live independent lives also when reaching high ages. Not only 
is this a goal in and of itself, since it can enhance quality of life in old age, but it 
also have the potential to affect costs of long-term need of care (Hertzog, Kramer, 
Wilson, & Lindenberger, 2008). Cognitive training fits in to this broad research 
area since it can provide guidance about how to best support age-related cognitive 
decline, and generate knowledge about how cognition can be affected throughout 
life.
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Cognitive training

“Get out. I need to go to my mind palace.”

– Sherlock, s2e2

In recent decades, there has been a steady interest in research on enhancing cogni-
tive functioning by means of cognitive training. Cognitive training refers to inter-
ventions which are aimed at enhancing specific cognitive processes or knowledge 
structures with plastic change as a goal.
	 This research has had both applied agendas such as finding optimal training 
regimens to support cognitive functioning in select populations such as children 
with adhd (Klingberg et al., 2005), breast cancer survivors (Kesler et al., 2013), and 
people living with schizophrenia (Fisher, Holland, Subramaniam, & Vinogradov, 
2010); as well as more theoretically driven agendas studying the plasticity of aspects 
of cognitive functioning across the life-span (Lövdén, Brehmer, Li, & Linden-
berger, 2012).
	 Cognitive training can be situated within several theoretical frameworks such 
as the use-it-or-lose-it (Hultsch, Hertzog, Small, & Dixon, 1999; Salthouse, 2006) 
and enrichment effects hypotheses (Hertzog et al., 2008) as well as bio-cultural 
co-construction framework (Baltes & Singer, 2001; S.-C. Li, 2003) and cognitive 
reserve (Stern, 2009). These frameworks have in common that they emphasize the 
importance of the environment to shape cognition: people in particular environ-
ments rich in cognitive challenges display enhanced cognitive abilities compared 
to those that are not.

Two approaches to cognitive training:
Strategy and process-based training

Within the cognitive training literature, two broad types of training interventions 
can be distinguished. In the strategy approach, the focus has been on optimiz-
ing cognitive performance through learning and practice with deliberate strategies. 
In the process-based approach, the focus is on strengthening cognitive processes 
central for complex cognition through practice without specific instruction about 
strategy.

Strategy training

A strategy in cognitive training can be defined as one of several methods to per-
form the same cognitive task (Salthouse, 1991). Most strategy training studies have 
focused on episodic memory, but other functions such as problem solving and rea-
soning have also been addressed (Pennequin, Sorel, & Mainguy, 2010). Knowledge 
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of the effectiveness of memory or mnemonic strategies has a long history. In the 
millennia-old mnemonic the Method of Loci, a familiar environment is first visu-
alized, and a specific path within that environment is then imagined. During en-
coding, the material to be remembered is placed at different locations (loci) along 
that path. At retrieval, the same path is mentally re-walked and the information 
picked up. This mnemonic was originally used with success by the ancient Romans 
to remember impressively long lists of keywords central to remembering dreadfully 
long speeches (Yates, 1966). 
	 Mnemonic strategies support encoding and retrieval of to-be remembered in-
formation by providing structure and encourage elaborated processing. According 
to the influential levels-of-processing framework (Craik & Lockhart, 1972) infor-
mation is better remembered if we engage in deep and elaborate processing of the 
material to-be-remembered, such as focusing on the meaning of words rather than 
their linguistic structure. The transfer-appropriate processing principle (Morris, 
Bransford, & Franks, 1977) underlines that if processing at the time of encoding 
matches or overlaps with the processing at retrieval, recall will be facilitated. Both 
these frameworks help explain the effectiveness of mnemonic strategies.
	 As mentioned above, older adults are disproportionally penalized under un-
supported encoding and retrieval conditions compared to younger adults. Hence, 
a goal has been to teach older adults strategies to foster efficient processing of in-
formation. Within this field, both complex memory strategies (mnemonics) as well 
as basic processing skills such as imagery, organization, and association have been 
used in training.
	 In seminal work by Baltes and Kliegl, the above described method of loci was 
used to study episodic memory plasticity in young and old adults. The results from 
this research indicated impressive improvements in serial recall for both young and 
old adults (Baltes & Kliegl, 1992; Kliegl, Smith & Baltes, 1989, 1990). However, 
the older adults despite great improvement did not gain to the same extent from 
training as the young adults. Also several other studies have shown positive effects 
following instruction in the method of loci (Rebok & Balcerak, 1989; Stigsdotter 
& Bäckman, 1989; 1993, 1995) as well as the face name-mnemonic (Yesavage, 1990) 
and the number-mnemonic (Derwinger et al., 2003). The same goes for studies 
focusing on basic skills such as organization, visualization, or imagery (Hill et al., 
1989; Yesavage, 1990; Zarit et al., 1981).
	 An impressive training endeavor is that of the active study (The Advanced 
Cognitive Training for Independent and Vital Elderly study), with its 2832 partici-
pants. It is a multisite, randomized, controlled trial of the effectiveness of three 
forms of cognitive interventions (memory, reasoning, mental speed compared to a 
no contact group) on improving basic cognitive ability and performance of activi-
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ties of daily living of normal older people (Ball et al., 2002, Ball, Edwards, & Ross, 
2007; Willis et al., 2006; Rebok et al., 2013). Several studies have been published 
from this project and the main findings indicate that all groups improve perfor-
mance in the targeted trained cognitive ability with very little evidence for transfer 
to other cognitive abilities. These task-specific effects are well maintained across a 
period of ten years for speed and reasoning whereas memory maintenance was seen 
over a five year period. Also, the participants reported less difficulty in everyday 
functioning compared to the control group at the 10 year follow-up.
	 Taken together, findings from the strategy-based approaches has been very 
successful in improving memory performance in criterion measures, with a lon-
gevity of gains for up to several years (Stigsdotter Neely & Bäckman, 1993), fewer 
studies points towards a generalized gain from training. Few have also had a focus 
of investigating individual differences of factors underlying training gain.

Process-based training

In the recent decade, there has been a steep rise in number of studies with the aim 
of finding ways of enhancing basic cognitive processes through extended practice 
on cognitively demanding tasks. The assumption has been that through strength-
ening such domain-general cognitive processes, such as working memory capacity 
and executive functions, which also typically decline with age, other cognitive 
abilities depending on them will benefit as well. Empirical findings from process-
based training studies will be covered in Review of process-based training inter-
ventions, but first a note on transfer is warranted.

Transfer

Although studying the effect of training on the trained tasks themselves is in-
formative about the trainability and enhancement of cognitively challenging tasks, 
such effects is of limited use outside the laboratory, and cannot be claimed to be a 
sign of enhancement of the underlying ability.
	 Transfer refers to the effects training or learning experiences have on other 
tasks, situations or processes which were not explicitly practiced. It seems reason-
able to assume that learning can be generalized to similar situations and tasks, 
since the opposite would imply very limited learning. Despite this intuitive under-
standing of the concept, it has been hard to capture scientifically (Barnett & Ceci, 
2002). In the beginning of the century, Judd (1908) proposed that “every learning 
experience has in it the possibilities of generalization”. Thorndike and Woodworth 
(e.g. Thorndike & Woodworth, 1901; Woodworth & Thorndike, 1901) on the other 
hand put forward a restricted view on transfer. They proposed that in order for 
transfer to occur, a high degree of overlap between trained and transfer tasks is 
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required, and thus stated that only near transfer is likely to occur. Since then, a 
large and growing body of studies has been published on the subject. Conclusions 
are diverse, and range from highly positive to very negative toward the existence of 
transfer (Barnett & Ceci, 2002). Often it is argued that transfer is uncommon, but 
when it occurs, it is mostly between highly similar situations (Detterman, 1993). 
	 Transfer is commonly described along a near (and sometimes nearest) to far 
continuum (Barnett & Ceci, 2002). There is no golden standard for how to define 
tasks as measuring near or far transfer. In our studies, in line with most existing 
cognitive training literature, we define near transfer as transfer to tasks measuring 
the same abilities as those targeted in training, while far transfer refers to improve-
ment on tasks which are used to measure other constructs. This assumption is 
based on previous suggestions that transfer depends on the degree of structural and 
procedural overlap between trained and transfer tasks  – that processing demands 
during practice are similar to the ones required in transfer tests (Schmidt & Bjork, 
1992). Cormier and Hagman (1987) stated that transfer occurs when earlier learned 
knowledge and/or skills affect the way in which new knowledge and skills are 
learned and performed. Thus, it could be expected that the larger the correlation 
between trained and transfer tasks, the greater transfer effects would occur (von 
Bastian & Oberauer, 2013b).
	 From a theoretical point of view, consistent near transfer effects ( = transfer 
to the same ability, measured with other tests) would be an indication of enhance-
ment of the trained construct on an ability level, while far transfer would imply 
that the training of one or several functions has also led to improvement in a clearly 
separate construct.

Long-term effects of training

Another crucial aspect when evaluating training programs regards stability of 
training and transfer effects (Schmidt & Bjork, 1992), since it can give insights of 
the longevity of such effects. Such findings are important in order to know how of-
ten training needs to be re-iterated in order to be sustained. In strategy-based stud-
ies, training effects have been shown to be sustained for several years. As alluded 
to above, research within the active study have yielded impressive long-term ef-
fects of cognitive training. Such studies have shown that cognitive training indeed 
has the possibility to strengthen the cognitive system in a more fundamental way. 
Since the rise in interest of processed-based training approach, however, there is 
now a need for examining long-term effects also in such approaches.
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Review of process-based training interventions
The field of process-based training across the life-span has gone through a large 
growth during the recent decade. Working memory and executive functions are 
considered important for age-related differences and underlying cognitive per-
formance in general and will therefore be the focus of this review. The focus is 
on summarizing what knowledge has been gained so far with a focus on factors 
governing immediate, as well as long-term near and far transfer effects, and their 
relation with age.
	 This review is included to provide an empirical background to the studies 
in the thesis, but is not meant to be completely exhaustive. The criteria used for 
including relevant studies were as follows: 

– Was published between January 2000 and June 2014
– Had a pre- posttest design with control group
– Sampled from a healthy younger and older population, or from a healthy older 

population only
– Included deliberate practice on tasks designed to be directly cognitively chal-

lenging, such as executive functions or working memory. Thus, computer 
game training in which the game has been chosen for its presumed high load 
on executive abilities/working memory capacity are included, while interven-
tions focusing on cognition indirectly, such as for example meditation or exer-
cise training, were not. Speed of processing and attention training paradigms 
are beyond the scope of this thesis, and were therefore not included

– Included transfer test(s), of which at least one was a measure of cognitive func-
tioning. Cognitive training studies measuring transfer to only non-cognitive 
domains were not included

– Studies measuring also neural manifestations of plasticity were included in 
the review if they also included cognitive measures, but the neural findings 
are not reported.

The studies are presented in Table 1, and after that, I will summarize the main 
findings. The table is organized after targeted function/type of training, in the 
following order: executive functions; working memory; commercial brain train-
ing; multi-modal training; and computer/video games training. Transfer results 
are reported in two columns, in accordance with the authors’ definitions of near 
and far transfer. Some of them also divided tasks into nearest (Borella et al., 2014), 
or intermediate (von Bastian & Oberauer, 2013a). Both are reported as near in 
such cases. In studies where the authors have not made any distinction between 
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tasks, I have divided them based on if the tasks used measure the same or different 
constructs than the tasks used in training. In the cases where it is not clear as to 
whether the measures used are to be classified as near or far, they are reported in 
the table simply as transfer, across the two columns. In the interest of space, only 
the tests with a reported effect are presented in the table. Most studies focusing 
on process-based training have used large transfer batteries, which increases the 
sensitivity of measuring transfer effects. This however means that although many 
studies have shown positive transfer effects, the amount of tests not showing any 
transfer effect is much higher. When including several tests in the same study there 
is always the risk of finding spurious results. This should be kept in mind when 
reading the review.

 

Table 1

Cognitive training studies included in the review. 
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Summary of findings

I will begin with a summary of the results from the different types of available 
training studies. Broadly, they can be divided by targeted function into executive 
functions, working memory, multimodal, computer game, and commercial brain 
training studies. This walkthrough will not cover all the studies; instead, I will try 
to identify important findings. After this summary, I will discuss factors affecting 
transfer (and to a lesser degree maintenance), and thereafter I will comment on 
some important design-related issues.

Executive functions training

Aspects of executive functions that have been studied are dual-tasking, updat-
ing, inhibition, and shifting. Most commonly, one function has been targeted in 
training, which allows for studying the malleability of specific aspects of execu-
tive functions. To avoid material-specific effects, some have used different task 
versions (Dahlin, Nyberg, et al., 2008), whereas others have trained with the 
same task throughout training (Wilkinson & Yang, 2012). Three studies focused 
on updating using the running span task (Dahlin, Neely, Larsson, Bäckman, & 
Nyberg, 2008; Dahlin, Nyberg, et al., 2008; Xin et al., 2014). Dahlin and col-
leagues found transfer to another updating task and to an episodic memory task 
in younger but not older, and the effect on updating was maintained after 18 
months. The study by Xin and colleagues found transfer in older adults to meas-
ures of short term and working memory. Thus, all three studies revealed limited 
or nonexistent transfer effects in older and an indication of somewhat broader 
transfer in younger.
	 Some studies have also provided training with the n-back task which is also 
considered to a measure of updating ability. In a study by Li et al., near transfer 
effects to a more demanding version of the trained task, and to a version with 
new stimulus material, was found and these effects were age-invariant. They fur-
ther showed maintenance of effects after three months. Heinzel et al. (2014) also 
compared young and old, and found near transfer to short-term memory together 
with far transfer to one measure of episodic memory in old, while the younger 
group improved in verbal fluency. Effects on a speed measure were age-invariant. 
Stepankovka et al. (2014) studied older adults, and compared two different train-
ing lengths – 10 and 20 hours. They showed near transfer to a working memory 
composite measure, and far transfer to composite measures of visuospatial and 
logical reasoning ability. Training length affected outcome so that those in the 
longer training improved more on far transfer tests. In a recent dual n-back train-
ing study by Bürki, Ludwig, Chicherio, and de Ribaupierre (2014), transfer was 
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seen only to another n-back task with new material for the trained as compared to 
both active and no-contact controls. No other measures, including reasoning abil-
ity, was significant. Slightly larger transfer effects were seen for the younger.
	 Dual-task training has been assessed by Bherer et al., (2005, 2008) and Lussier 
et al. (2012). All three studies found transfer to other dual-tasks, modified to con-
tain different stimulus material or response mode. The transfer effects were similar 
across age groups in all studies.
	 One study used a short intervention with a complex executive task (Wang 
et al., 2011), including several aspects of executive functions, such as goal main-
tenance, updating, task switching, and planning – the Breakfast Cooking Task. 
They found near and far transfer, but as in the case with computer game training, 
it is harder to disentangle which processes the training is targeting, and how this 
relates to the transfer effects.
	 Two studies investigated the effects of task-switching (Karbach & Kray, 
2009; Karbach et al., 2010) and found that shifting training led to near transfer to 
versions of the trained tasks, and far transfer to inhibition, working memory, and 
reasoning ability which were similar for all age groups, but with slightly more near 
transfer for the older group compared to young adults. The shifting study by Kar-
bach and Kray from 2010 focused on verbal-self instructions, and only measured 
near transfer to similar tasks, which was significantly enhanced. The inhibition 
study (Wilkinson & Yang, 2012) involved training with the Stroop task and did 
not produce any transfer effects.
	 In sum, training with executive functions has mostly been focusing on a spe-
cific ability. The results have, again, been varying, but a trend that n-back training 
seems to be generating more consistent transfer effects can be identified. Only one 
study took a broader stance to executive functions training, thus such training 
studies deserves future attention.

Working memory training

Complex working memory span tasks, such as the reading span task (Daneman & 
Carpenter, 1980) are widely used for measuring working memory capacity (Engle, 
2002). In a series of studies (Borella et al., 2014, 2010, 2013; Carretti et al., 2013), a 
short training protocol consisting of three sessions of practice with a verbal com-
plex span task were investigated. In the first (Borella et al., 2010), near transfer 
effects were seen to working memory, and far transfer to reasoning, inhibition, 
and speed. Enhancement on reasoning ability and speed was maintained after 8 
months. When the same training regimen was tested again, this time with old-old 
adults (Borella et al., 2013), transfer and long-term effects were more limited. In a 
following study (Carretti et al., 2013), another training task was added, updating 
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while reading, where participants were required to update information in wm and 
report 2 – 5 information pieces after reading a text. Measures of speed and inhibi-
tion was not included in this experiment, which limits the comparability to the 
other two studies, but it showed far transfer to reading comprehension along with 
a marginal effect to reasoning ability. Effects were maintained at eight months, 
and at this time, a listening comprehension was also significantly better than at 
pretest.
	 In the most recent study (Borella et al., 2014), the authors compared young-
old and old-old adults on a visuospatial working memory span task, and again used 
the same transfer battery as in the first two studies. This training led to near and far 
transfer for the young-old group, while transfer in the old-old group was limited to 
a nearest transfer task. Maintenance effects after eight months were seen in both 
age groups for the criterion and nearest transfer task. These training studies have 
all used a relatively short intervention consisting of three hours of training, but 
the authors argues for the pivotal factor being that the training is varied to prevent 
strategy use and kept demanding throughout the training. In sum, this series of 
studies have shown that a short verbal complex span training regimen was success-
ful in showing near and far transfer in older adults, and that age was a limiting 
factor for transfer in a visuospatial training program.
	 Complex wm span training has also been studied by Richmond, Morrison, 
Chein, and Olson (2011) who found near transfer to a reading span task and far 
transfer to a verbal learning task along with self-reported improvement in every-
day attention after providing training with visuospatial and verbal tasks. However, 
they found no transfer to a reasoning measure (Raven’s standard progressive matri-
ces), despite longer training than the studies by Borella and colleagues. Buschkuehl 
et al. (2008) used a visual complex span task in combination with reaction time 
training and found near transfer to a visuospatial simple span task and far transfer 
to an episodic memory task in old-old adults. None of these effects was present at 
the one-year follow up assessment.
	 Working memory capacity has also been targeted by the commercially avail-
able training program Cogmed, originally developed for reducing symptoms in 
children with adhd. The training includes several different tasks of verbal and spa-
tial working memory/short term memory tasks. The program has primarily been 
studied within a younger population, but two studies have focused on older adults. 
In those studies near transfer to an untrained span task, and far transfer to a meas-
ure of attention was observed (Brehmer et al., 2011, 2012). Transfer to everyday 
tasks has rarely been included in process-based training studies, but in one of the 
aforementioned studies, trained participants also reported less cognitive failures in 
everyday life (Brehmer et al., 2012) as a function of training.
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	 In two studies (von Bastian et al., 2013; von Bastian & Oberauer, 2013a) a 
training program based on a specific theoretical working memory model – the 
facet model of working memory capacity (Oberauer, Süß, Schulze, Wilhelm, & 
Wittmann, 2000) was designed and evaluated. In that model, wmc is classified 
into three functional categories (storage and processing; relational integration; and 
supervision). It highlights mostly the executive aspects of short term information 
processing and thus shares many similarities with the model of executive func-
tions presented by Miyake et al. (2000). In the first study, they provided evidence 
for transfer effects after training with these subfunctions separately. In the second 
study, in which all aspects of the model were trained, they found that the broader 
training approach in fact resulted in less transfer. Hence, they concluded, broader 
training of working memory does not produce broader transfer effects.
	 Another working memory training (Zinke et al., 2014) study took a similar ap-
proach and based the training program on Baddeley’s theoretical model of working 
memory (Baddeley & Hitch, 1974), and included visuospatial and verbal short-term 
and working memory updating tasks, along with a serial attention task. This train-
ing regimen led to transfer effect to a simple span task and an episodic memory task.
	 In sum, the studies reviewed above have all focused more specifically on 
working memory training, where three studies explicitly designed their training 
programs based on a theoretical model of working memory. Overall results sug-
gested a mixed pattern of transfer effects ranging from slim to far transfer.

Multifactorial training

Some studies apply a larger multi-modal training approach, such as a study by 
Schmiedek, Lövdén, and Lindenberger, (2010), which provided training both on 
episodic memory, perceptual speed and working memory and showed broad near 
and far transfer effects to several tasks both for younger and older, but with slightly 
broader effect in the younger. Both age groups also showed transfer to a latent 
factor of working memory ability and the younger to latent factors of episodic 
memory and fluid intelligence. Thus, providing training in a broad range of abili-
ties might be an important part of generating generalized gains, in line with the 
idea of functional and structural overlap between trained tasks.

Video/computer games training

Another method has been to provide training on off-the-shelf computer or video 
games that are not specifically designed for cognitive training. Earlier studies have 
shown that experienced computer game players are often superior to non-players 
on tests measuring task switching ability (Colzato, van Leeuwen, van den Wilden-
berg, & Hommel, 2010), attention (Green & Bavelier, 2003, 2006, but see Irons, 
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Remington, & McLean, 2011 for contradictory findings), processing speed and 
visual short term memory (McDermott, Bavelier, & Green, 2014), and working 
memory (Colzato, van den Wildenberg, Zmigrod, & Hommel, 2013). Further, 
video game training studies with younger adults have indicated that game training 
is successful in generating transfer effects (Green & Bavelier, 2007; R. Li, Polat, 
Makous, & Bavelier, 2009).
	 The games used in training are often action games which requires “fast mo-
tion, require vigilant monitoring of the visual periphery, and often require the si-
multaneous tracking of multiple targets” (Green & Bavelier, 2006), chosen for sup-
posedly being taxing on several cognitive abilities, such as focused attention, speed, 
executive functions, or working memory capacity. Computer games are usually 
built to be emotionally engaging, motivating, and with a rising difficulty level as 
the game proceeds, which makes them interesting as means of cognitive training.
The results from available video game studies with older adults provide contradic-
tory findings regarding the ability to enhance cognitive functioning in general. 
In one training study with older adults (Basak et al., 2008), positive transfer was 
found on a range of abilities. After practicing a 4-5 weeks training program, they 
could show transfer to a diverse set of tasks measuring executive functions, visual 
short term memory, and logical reasoning in older adults. While it is less straight-
forward to define transfer tasks as “near” or “far” in game training studies, the 
laboratory tasks appears to be quite different from the tasks encountered during 
game training, and the authors therefore argues for a far transfer effect.
	 A recent study by Boot et al. (2013) which compared a brain fitness program 
to a racing video game (Mario Kart 2) did not reveal any significant transfer effects. 
The only effect was that the control group in fact improved more in the composite 
measure of executive control. A drawback with computer game training programs is 
that it is harder to disentangle which aspects of the game that are driving the results. 
One computer game study included a cognitive task analysis (Militello & Hutton, 
1998) prior to including World of Warcraft as an intervention (Whitlock et al., 2012). 
The analysis revealed several demanding cognitive processes that the players engaged 
in during game play, such as switching between sub-tasks, thus utilizing effortful 
attentional control. Such an analysis might be advised to include in order to ensure 
that the games used are sufficiently demanding. The study showed transfer effects to 
a Stroop task after around 14 hours of training over two weeks in older adults.
	 Another game-training study (Stern et al., 2011) used the Space Fortress game, 
which was originally constructed to target divided attention, multi-tasking, visual 
scanning, working memory and motor control, enables computing sub-scores re-
flecting the different task components. This gives more control over which pro-
cesses are targeted in training compared to off-the shelf computer games.
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	 In an action video game training study by Belchior et al. (2013), in which 
the active control group played another computer game – Tetris, both groups im-
proved to the same degree which further illustrates the problem with knowing 
what is trained.
	 To conclude, although several game training studies have shown promising 
results, there is a diversity in terms of transfer effects. One reason for the variable 
results might be that the participants’ motivation to play the game has varied be-
tween studies, which has sometimes lead to participants receiving different amount 
of training (Boot et al., 2013). Training studies performed in the laboratory has the 
advantage of larger control of participation as compared to online at-home training 
and this might affect whether participants stay on the program.

Commercial brain training

The recent growth in cognitive training research is paralleled with an industry of 
brain training/brain fitness software. The programs are often built upon ideas and 
results from research, and they include practice with similar tasks, but in a more 

“game-like” setting. Such game training studies have a potential advantage in that 
they include features from both computer games and laboratory tasks. Four studies 
have been investigating the effects of such programs. Nouchi et al. (2012) showed 
transfer effects to a relatively large range of executive and speed tasks when com-
paring Brain Age with Tetris. By contrast, a study by Boot et al. (2013), included 
training with Brain Age and a racing game (Mario Kart), but found no transfer 
in either condition as compared to a no-contact control group despite a much 
larger training dose than in the former study (56 vs. 5 hours). The Lumosity train-
ing program was shown by Mayas, Parmentier, Andrés, and Ballesteros (2014) to 
improve the ability to resist attention capture by an auditory distractor during a 
visual attention task. McDougall and House (2012) used Nintendo Brain Train-
ing package and showed transfer to one measure of working memory. None of the 
brain training studies have investigated long-term effects or included different age 
groups, and thus it is not known whether such training programs can produce last-
ing effects on cognition in old age, and if the effects of training are age-dependent.
Further, a large-scale study with over 11 000 participants (Owen et al., 2010) needs 
to be mentioned here, although they included only participants ranging from 
young to young-old. They evaluated a training program with two conditions – one 
with tests of memory, attention, visuospatial processing, and mathematics, similar 
to commercial brain training programs; and one with tasks focusing on reasoning, 
planning, and problem solving. They did not show any increase in any of the trans-
fer measures as compared to no-contact controls despite clear training task gains. 
In sum, again, the results from the brain training studies are also variable with 
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transfer effects ranging from no effects at all to some evidence of far transfer ef-
fects. These results have important practical implications, since the claims from 
providers of commercial brain training studies often are that they can lead to very 
pronounced and far-ranging effects on cognition, and often are marketed towards 
an elderly audience.

Factors governing transfer

The aim of the following discussion is to summarize the knowledge gained from 
process-based training studies regarding factors governing transfer effects. I will 
further discuss individual factors, and design-related factors such as variations in 
task demand and different kind of control groups. Few studies have evaluated long-
term effects of process-based training, but I will make some comments regarding 
this as well.

Training length

Training length has earlier been stressed as an important factor for eliciting trans-
fer (Schmidt & Bjork, 1992). Studies in the current review vary greatly in amount 
of training provided, from 2.5 sessions (Karbach & Kray, 2009) to 100 (Schmiedek 
et al., 2010). The 100-days training program resulted in both near and far transfer 
effects to several latent factors in young, and one latent factor in old adults. This is 
the most robust transfer among the available studies which may allude to the fact 
that training length is important. Intriguingly, also studies with remarkably short 
durations have also shown impressive far transfer effects. Two very short training 
protocols in a study by Karbach and Kray (2009), and a series of studies by Borella 
all showed far transfer effects to a range of different tasks. Thus, drawing conclu-
sions about training length between studies is complicated, to say the least.
	 Only one of the reviewed studies (Stepankova et al., 2014) has directly ma-
nipulated training length. They provided either 10 or 20 sessions of n-back training 
and the results suggested somewhat more transfer for the longer training interven-
tion. Two studies, mentioned above, used the same training program (Nintendo 
Brain Age), but one provided a shorter and the other a longer training regimen. 
Quite contradictory, the longer training program (Boot et al., 2013) resulted in null 
effects while the other (Nouchi et al., 2012) led to near transfer.
	 The reasons for why very short training regimens can give rise to far transfer 
while longer programs fail to do so is not yet clear. Several factors might have af-
fected the results, given the diversity among other factors such as type and number 
of different tasks, type of transfer measure, and type of control groups. In sum, 
there appears to be a need for a more systematic examination of the effects of train-
ing length while keeping the training type constant.
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	 As to the question regarding factors governing maintenance effects after pro-
cess-based training, the number of studies is still low and it is therefore hard to 
draw any conclusions of as to how training length affect long-term maintenance. 
But generally, the factors which govern transfer probably affect maintenance as 
well.

Who benefits from training?

Few studies have investigated how individual-related factors affect training out-
come. One such predictor is gain in the trained tasks which was investigated in a 
study by Richmond, Morrison, Chein, and Olson (2011). When removing partici-
pants who did not improve during training from analysis, enhanced far transfer 
was observed. Similarly, Jaeggi, Buschkuehl, Jonides, and Shah (2011) showed that 
children who gained most from working memory training also benefitted the most 
in terms of transfer to Gf, and in a recent study by Zinke et al. (2014), larger train-
ing gain was related to larger transfer effects in older adults.
	 Another factor to consider besides the amount of gain, is the proficiency in the 
trained tasks. Older adults usually exit the training on a lower level than younger 
adults do. Therefore, the pivotal point for generating transfer might the perfor-
mance level reached in the practiced tasks. In other words, older adults might need 
to reach a higher proficiency in the target skill in order to be able to exhibit transfer 
to new tasks. Future studies could thus tailor the training dosage for each partici-
pant and provide training until asymptote is reached, in a similar way as in the 
testing the limits-approaches (Baltes & Kliegl, 1992), and evaluating transfer effects.
	 Regarding age, some studies have shown equivalent transfer effects in young 
and old (Bherer et al., 2005, 2008; Bürki et al., 2014; Karbach & Kray, 2009), while 
other studies suggest that degree of transfer is modulated by age, thus indicating 
a decrease in plasticity from early to late adulthood (Dahlin, Neely, et al., 2008; 
Dahlin, Nyberg, et al., 2008; Schmiedek et al., 2010). Age as a predictor for transfer 
was also investigated in the study by Zinke et al. (2014) who showed that among 
older adults, younger age was associated with larger transfer effects.
	 Age-comparative studies investigating maintenance effects are few, but some 
of them show, in line with the results regarding transfer, that old age limits plastic-
ity as evident by a higher degree of maintenance in the younger (Dahlin, Nyberg, 
et al., 2008; Li et al., 2008). There are however also evidence of age-equivalent 
maintenance effects induced by training (Borella et al., 2014; Brehmer, Westerberg, 
& Bäckman, 2012).
	 Taken together, studies investigating individual factors are to this date still 
comparably few. In the future, researchers should strive to include both younger 
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and older samples into training studies. In regard to maintenance, there are very 
few studies comparing young and old, and only two of them have had a follow-up 
interval of longer than a year.

Design factors

Transfer batteries: Ideally, transfer should be measured on the level of latent abil-
ity, and this have been done in two studies (Schmiedek et al., 2010; Stepankova et 
al., 2014), but since training studies are time-consuming endeavors, the number 
of participants are normally too small to perform such analyses. Transfer batteries 
which include measures on a near to far continuum, preferably with several test of 
the same ability could however give a hint of how widespread the transfer effects 
are. Including several tests of each ability have been stressed in order to generate a 
more fine-grained picture of the transfer effects (Zinke et al., 2014).

Investigating long-term effects: Although many studies have investigated gain 
and transfer effects after process-based training, fewer have included long-term 
follow-up tests. Two studies have had a follow-up interval lasting a year or longer 
(Buschkuehl et al., 2008; Dahlin, Nyberg, et al., 2008). Shorter intervals have been 
more common, and those studies are generally positive regarding long-term effects, 
although near transfer effects are maintained to a greater degree. Three studies 
compared maintenance effects in younger and older adults (Brehmer et al., 2012; 
Dahlin, Nyberg, et al., 2008; S-C. Li et al., 2008), and revealed maintained perfor-
mance in all tasks which were enhanced at post-test. Thus, both younger and older 
adult seem to be able to maintain performance gained in process-based training 
after several months, but there is still a pressing need for studying sustainability of 
gain and transfer effects over longer periods.

Measuring transfer to everyday life situations: The ultimate goal of cognitive 
training studies is to find ways of supporting people in their everyday life. If pro-
cess-based training only manages to enhance performance on a set of laboratory 
tasks, it will be of limited use for people. Within the active study, it was recently 
shown that those who participated in speed and reasoning training was to a lesser 
degree involved in at-fault motor vehicle accidents than those in the control and 
episodic memory training groups during six years after the training (Ball, Ed-
wards, Ross, & McGwin, 2010). Only two studies in this review showed transfer 
to an everyday memory questionnaire (Brehmer et al., 2012; Richmond et al., 2011). 
Thus, the need for establishing whether process-based training might transfer to 
such measures remains highly important.
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Control groups: Without a control group which does not receive the intervention, 
it is impossible to disentangle the effects of taking the tests twice (pre and post) 
from the true intervention effect. No-contact control groups participate in the pre- 
and posttest session with no intervention in between. Preferably, control groups 
should however receive a placebo intervention, to rule out effects not related to the 
particular training intervention. It is however a delicate task to construct such a 
control condition which “lacks the active ingredient”, since it is not yet established 
how different types of training interventions might affect cognition. Some studies 
use low-level practice e.g. (Brehmer et al., 2011, 2012) on the same training tasks 
as the intervention group, but this might be problematic since it can be perceived 
as boring by the participants, and thus create differences in motivation between 
groups. Another alternative has been to provide low-level physical training to the 
control group (Buschkuehl et al., 2008). Most studies using active control groups 
did not find evidence for a motivational effect upon transfer (Brehmer et al., 2011; 
Bürki et al., 2014; Nouchi et al., 2012), while one study did (Belchior et al., 2013). 
This state of affairs is also supported in a recent meta-analysis of n-back training 
studies (Au et al., 2014), where it was concluded that type of control groups did not 
moderate the training effects, and the authors suggested that expectancy effects are 
unlikely to mediate the findings of transfer in the reviewed studies. This said, it is 
still to be recommended to include active control groups.

Adaptivity of training: Lövdén, Bäckman, Lindenberger, Schaefer, and Schmiedek 
(2010) underlined that in order for plasticity to occur, a prolonged mismatch be-
tween environmental demand and cognitive resources is needed. This has also been 
stressed by (Klingberg et al., 2005), and can be done by keeping the practice suf-
ficiently challenging throughout the training by increasing (and decreasing) the dif-
ficulty level of the trained tasks. Most studies have included some form of adaptivity 
of difficulty level during the training progression. Some programs have varied the 
difficulty level individually to each participants performance on a trial-by trial basis 
(e.g. Buschkuehl et al., 2008; Bürki, Ludwig, Chicherio, & de Ribaupierre, 2014; 
Richmond, Morrison, Chein, & Olson, 2011) so that participants always practice on 
their peak level, which has been argued to promote transfer. Others have let partici-
pants remain on the same level of difficulty until they reach a criterion, after which 
they are raised one level (Dahlin, Nyberg, et al., 2008). Raising the difficulty in a 
more step-wise manner instead of adapting it continuously might have the advan-
tage of letting the participants feel that they master the task before going up a level 
which could heighten motivation and training gain as well as transfer.
	 Although studies including a constant adaptation on a trial-by-trial basis have 
shown positive transfer (Buschkuehl et al., 2008), this has also been the case in 
studies where adjustment has been made with larger spacing, such as between lists 
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(Heinzel et al., 2014), or between sessions (Wang et al., 2011). One study which did 
not use an adaptive regimen was the hundred-days training study by Schmiedek et 
al. (2010). They kept the level stable across sessions but tailored this level individu-
ally from pretest performance.
	 Thus, although there is little doubt that adjusting difficulty level and keeping 
it challenging throughout training is an important aspect of training, there is little 
empirical evidence regarding the optimal way of doing this. 

Concluding remarks

From the reviewed studies, it can be concluded that the field has seen some exciting 
progress. The results have yielded substantial training task improvements, often 
similar in magnitude, in both young and older adults after process-training. Sev-
eral studies have also demonstrated impressive far transfer effects in young adults 
and in a lesser degree in older adults. Despite encouraging findings, several ques-
tions require more attention. First, it is still unclear as to which specific processes 
need to be addressed in training to foster reliable transfer effects. Von Bastian et al., 
2013 have taken a step in this direction by comparing single process verses multi-
processes training (see above), in which it was concluded that broad training did 
not lead to more transfer. This was done with a model of working memory, and it 
has not yet been investigated within the framework of executive functions specifi-
cally. Several studies have focused on executive functions, but only one has done so 
by addressing several different control functions in the same training intervention 
(Wang et al., 2011). This is surprising, given the importance of executive functions 
to other aspects of cognition and to aging, and it remains unclear whether focus-
ing on executive functions more broadly give rise to transfer effects in young and 
old adulthood.
	 Few studies have to date investigated long-term effects of process-based train-
ing in age-comparative settings, and most of those which did focused on working 
memory training. Most studies have used follow-up intervals spanning between 
three and nine months. Only one study (Dahlin et al., 2008) focused on long-term 
effects of an executive functions training program (updating), and found main-
tained near transfer effects for the younger group. Thus, it is not well-understood 
how sustainable training and transfer effects of executive functions training are, 
and how this differs between young and old adulthood.
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The empirical studies

Study i and Study ii are based on the same training program and also use the same 
pre-and posttest batteries. Therefore, I will describe them together in the same sec-
tion, and thereafter I will describe Study iii. 

Research questions and aims
The aim of this thesis is to study effects of cognitive training in younger and older 
adults, both with a process-based training program focusing on executive func-
tions, and with a number mnemonic strategy training program. Three studies are 
included, and the following research questions were posed:

Can a theoretically based training intervention for executive func-

tions, focusing on executive functions broadly, give rise to transfer 

effects to untrained tasks in young and older adults? 

	 – Study i

Are gains and transfer effects after executive functions training 

stable over time?

	 – Study ii

Which individual difference factors predict baseline performance 

and gain from cognitive training?

	 – Study i (age), iii (age and cognitive factors)

Which individual factors predict long-term maintenance of cogni-

tive training?

	 –Study ii (age), and iii (age and cognitive factors)
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Study I and Study II
Sandberg, P., Rönnlund, M., Nyberg, L., & Stigsdotter Neely, A. (2014). Executive 

process training in young and old adults. Neuropsychology, Development, and 
Cognition. Section B, Aging, Neuropsychology and Cognition, 21(5), 577–605. do
i:10.1080/13825585.2013.839777 (Study 1)

Sandberg, P., Stigsdotter Neely, A. (2014). Maintenance of training gains and near 
transfer effects in young and old adults: An 18 month follow-up of executive 
process training, manuscript submitted to Neuropsychological Rehabilitation 
(Study 1i)

In Study i, the aim was to investigate immediate effects of a cognitive training 
intervention targeting executive functions broadly by taking departure from the 
theoretical model of executive functions proposed by Miyake et al. (2000). Since 
executive functions has been shown to decline with age, and also are important 
for other age-declining cognitive functions, such as episodic memory performance, 
according to the frontal hypothesis of cognitive aging, they constitute an interest-
ing target for cognitive training across the life span.
	 In a series of previous training studies by this group (Dahlin, Neely, et al., 
2008; Dahlin, Nyberg, et al., 2008) which were based on the Miyake model, up-
dating was targeted in a training program lasting five weeks (15 sessions à 45 min), 
and transfer was observed to another updating task – n-back for the younger group. 
The focus of Study i and ii was to investigate whether assessing the executive sys-
tem as a whole (i.e. all of the three executive functions inhibition, shifting, and 
updating) would lead to broad benefits in terms of transfer and long-term mainte-
nance thereof.
	 In Study i, the aims were to evaluate the direct training effects as well as 
transfer effects, and further, how they were affected by age. 
	 Study ii focused on long-term effects of executive functions training. While 
there has been a large increase in studies examining transfer effects across the life 
span after process based training, less is known about how sustainable such effects 
are and whether young and old differs in this aspect.
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Method study I and II

Participants

For Study i, 66 adults (33 young, 33 older) were recruited through advertisement in 
newspapers and pensions organizations (older) and advertisements around Umeå 
University Campus (younger). They were screened for various conditions assumed 
to affect cognition before inclusion. Further exclusion criteria were low scores on 
Mini-Mental State Examination (mmse) or high on Becks Depression Inventory 
(bdi). All participants spoke Swedish fluently. Dropouts after pretest were four 
from the younger group and one from the older group.
	 In Study ii, the participants from Study i was contacted again via regular 
post or email and 24 persons (14 trained and 10 controls) from the older group 
and 19 from the younger group (11 trained and 8 controls) returned to a follow-up 
test session. The testing took place 18 months after the termination of training and 
included the same test battery as the pre- and posttest sessions. Background charac-
teristics of the included participants in Study i and ii are presented in Table 2 and 3.

Table 2

Background characteristics Study i

Table 3

Background characteristics Study ii

Sex (w/m)
Age
Education (years)
Verbal ability
Digit symbol
mmse
Depressive symptoms

Young 

trained

11/5
26.25 (4.0)
15.69 (2.5)
23.31 (2.0)
61.93 (14.2)
29.13 (1.1)
3.81 (5.2)

Young

control

9/4
24.62 (3.4)
15.00 (2.5)
23.46 (2.5)

59.00 (12.0)
29.00 (1.1)
4.31 (2.2)

Older

trained

8/7
69.73(5.0)
11.46 (4.6)
24.07 (4.4)
43.00 (9.3)
28.67 (.8)
3.17 (3.0)

 Older

control

9/6
68.80 (4.8)
13.13 (4.5)
25.73 (4.1)
42.13 (10.3)

29.2 (.7)
5.93 (3.6)

 

Age
Education (years)
Verbal ability
Digit symbol
mmse
Depressive symptoms

Young 

trained

27.5 (3.0)
16.3 (2.2)
23.0 (1.9)
65.9 (13.7)

-
3.3 (3.8)

Young

control

25.1 (3.1)
14.3 (1.4)
24.5 (2.2)
63.8 (8.6)

-
4.8 (3.6)

Older

trained

71.6 (5.0)
11.4 (4.8)
24.8 (3.6)
43.9 (10.9)
28.1 (1.4)
3.3 (3.3)

 Older

control

71.2 (5.3)
12.2 (3.9)
26.7 (1.8)
46.2 (8.3)
28.5 (1.0)
6.9 (4.5)



43

Training program
The training intervention on which Study i and ii are based consisted of five weeks 
(15 sessions à 45 min) of executive functions training. Training was performed in-
dividually in groups of four. In order to target the three executive functions inhi-
bition, shifting, and updating in training, a computerized training program was 
developed with the theoretical model of executive functions presented by Miyake 
and colleagues (2000), as a point of departure. Each of the three subprocesses 
was targeted with two tasks each. The training tasks were chosen based both on 
tasks used in the Miyake (2000) paper and an additional literature review. Train-
ing tasks are described in Table 4 and depicted in Figure 1. In addition to this, a 
criterion task with fixed difficulty level was administered at the beginning of each 
training session to be able to measure performance across training trials. For this, 
a letter memory running span task was used, which is the same as the correspond-
ing training task but with fixed length of the sequences (between 7 and 15 items).

Figure 1. Schematic of the training program used in Study i and ii. 1) Stroop. 2) 
Flanker. 3) Alternating runs. 4) Plus-Minus. 5) Letter memory running span. 6) 
Spatial locations running span.

Pre-, post-, and follow-up tests
Before training, all participants were tested individually across two sessions with 
a cognitive test battert chosen to test transfer ranging from near to far (see Table 5 
and 6). The same tests were re-administered the week following training (Study i), 
as well as after 18 months (Study ii). In some of the tests, alternative versions were 
used to avoid test-retest effects. The tests were administered in the same order for 
all participants at all test occations.
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Table 4

Training tasks used in Study i and ii
Training task

Letter flanker

Stroop

Alternating runs

Plus-minus

Letter memory 
running span 

Spatial locations
Running span

Executive 

function

Inhibition

Inhibition

Shifting

Shifting

Updating

Updating

Description

Make speeded right or left key press 
responses to the middle letter of five 
(e.g. DDDSDDD). Stimuli were either 
congruent (flankers mapping to same 
key), incongruent (flankers mapping to 
opposite key) or same letter strings

Make speeded key press responses to 
color words (black, red, blue, or yel-
low) written in same or another color, 
or to non-color words written in any 
color

Shift between categorizing digits (1, 2, 
3, 4, 6, 7, 8, or 9) as odd/even and low-
er/higher than five with left or right 
key presses every two trials depending 
on the position in a square

1st run: add a number to two-digit 
numbers; 2nd run: subtract a number; 
and third run: Shift between adding 
and subtracting a number. Response 
with numeric keypad

Continuously monitor and update the 
four last items in sequences of seri-
ally presented letters (A, B, C, or C). 
Response at the end of each sequence 
by key press

Continously monitor and update the 
four last items of serially spatial loca-
tions in a 4 x 4 matrix of blue dots. 
Response as Letter memory

Difficulty level 

adjustment

Shortening of the 
time to prepare 
for next item (200, 
500, or 1000 ms)

Shortening of the 
time to prepare 
for next item (200, 
500, or 1000 ms)

Shortening of the 
time to prepare 
for next item (200, 
500, or 1000 ms)

Number to be 
added (2, 4 or 5)

Length of letter 
sequence (4 – 7,
6 – 11, 5 – 15)

Length of dot 
sequence (4 – 7,
6 – 11, 5 – 15)
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Test

Arrows flanker

Verbal color 
Stroop

Alternating 
runs

Plus-minus

Number 
memory run-
ning span

n-back

Executive 

function

Inhibition

Inhibition

Shifting

Shifting

Updating

Updating

Description

Make speeded right or left key press 
responses to the middle arrow of five 
(>><>>)

Name the color of squares; read 
aloud color word; or name the color 
of the text in which congruent or 
incongruent color words are written

Shift between categorizing letters 
(A, B, D, E, U, X, Y, or Z) as vowel/
consonant and beginning/end of al-
phabet with left or right key presses 
every three trials depending on the 
position in a circle

1st run: add 3 to two-digit numbers; 
2nd run: subtract 3; and third run: 
Shift between adding and subtract-
ing 3

Continuously monitor and update 
the four last items in sequences of 
series of serially presented digits (1, 
2, 3, or 4)

To each of the serially presented dig-
its decide if it matched the stimuli 
one, two, or three items before

Differences com-

pared to corr. 

training task/s

Stimulus materials: ar-
rows instead of letters

Response mode: verbal 
instead of key press 
response

Stimulus material: let-
ters instead of num-
bers; shifting task set 
every three instead of 
two trials

Number to be added: 3 
instead of 2, 4 or 5

Stimulus material: dig-
its instead of letters

Stimulus material: 
numbers instead of 
letters/positions in ma-
trix; response mode: 
key press after every 
item instead of at the 
end of each sequence

Table 5

Near transfer tests used in Study i and ii
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Table 6

Intermediate and far transfer test used in Study i and ii

Note. *Included at pretest only.

Results Study I
The results from Study I showed that the training lead to substantial improvements 
in all trained tasks with exception of the flanker task, in both younger and older 
adults. The same pattern of equal gains was seen in the updating criterion task, 
which was administered in the beginning of each training session, and at pre- and 
posttest. Across training sessions, the gain in this task was parallel for young and 
old. 

Test

Digit symbol

Digit span forward 
and backward

Computation span

fas, letter and 
categories

Recall of concrete 
nouns

srb 1*

Raven’s advanced 
progressive ma-
trices

Cognitive

domain

Processing speed

Working memory

Working memory

Verbal fluency

Episodic memory

Verbal ability

Reasoning

Description

To copy as many symbols (each symbol associ-
ated to a digit as specified in a coding key) as 
possible in 90 s into empty boxes

To repeat sequences of increasing length in the 
same (forward) or reverse (backward) order

To solve series of arithmetic problems, while 
holding the last digit of each problem in mind 
for later recall. Series increased in length over 
trials

To write down as many words as possible begin-
ning on the letters F, A, or S; or belonging to the 
categories provisions, animals with first letter S, 
or professions with first letter B in 90 s

Free recall of 18 serially presented nouns (each 
word presented five seconds)

Swedish word synonym test

Solve two-dimensional pattern matching ma-
trices by finding the best fitting alternative to a 
missing section of each matrix
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In most tasks, substantial age differences were observed and were often magnified 
under more cognitively demanding tasks conditions as evidenced by several reli-
able. In light of this observation, it is interesting to note that no age differences 
in the magnitude of training-related improvements in the criterion task as well as 
across training tasks were seen, with the exception of the plus-minus task. This 
finding is at odds with much earlier research showing that training more often 
amplifies preexisting age differences in performance (Brehmer, Li, Muller, von 
Oertzen, & Lindenberger, 2007; Schmiedek et al., 2010; Verhaeghen & Marcoen, 
1996; but see S.-C. Li et al., 2008; Richmond et al., 2011 for equal age gains).
	 The results showed selective near transfer gains for both the young and the 
old trained participants in one updating transfer task (the number memory run-
ning span) and one inhibition transfer task (the Stroop task). Both these tasks dif-
fer from the trained tasks in terms of type of material for the updating task and in 
stimulus−response mappings for the Stroop-task. No effects on any of the included 
shifting near transfer tasks were observed despite substantial shift-cost reductions 
across training session.
	 In light of the sparse near transfer effects, it is interesting that the young 
adults showed intermediate transfer effects to digit span backwards and Computa-
tion span, although the latter finding did not survive a Bonferroni correction de-
spite a strong effect size. In contrast to our earlier findings where we in two studies 
have shown transfer to an n-back task in young adults after 15 sessions of updating 
training, no such significant effects were seen in Study I.
	 Finally, no far transfer effects were seen for the young or the older adults. Our 
findings concur with those studies showing no effects on fluid intelligence meas-
ures or, for that matter, to any of the far transfer tests addressed in this study.
Of particular interest in the current study was to investigate if older adults would 
benefit more from a program focusing on several executive functions strengthen-
ing a declining executive system more thoroughly. This was not supported by our 
data and shows that training of multiple executive processes is not sufficient to 
support transfer beyond the very near in older adults.

Results Study II
The results from Study ii indicated long-term maintenance in training task gain, as 
measured with the criterion test, Letter memory running span. This was revealed 
by stable performance levels from immediate posttest to follow-up, together with 
significantly better performance at follow-up compared to pretest, for both the 
young and older trained groups, but not for the controls.
	 Further, our findings also revealed long-term maintenance of immediate near 
transfer effects for both young and old trainees. For the Number memory updat-
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ing task the same pattern of results were seen as for the above described Letter 
memory task, yielding stable performances for both young and old trained over the 
18-month follow-up period. Performance in Stroop was not maintained over the 
studied period.
	 However, the follow-up analyses did not support maintenance of the inter-
mediate transfer effects to working memory for the young adults. Thus, these find-
ings of less permanent intermediate transfer effects suggest little evidence for that 
executive process training lead to more profound effects on the cognitive system. 
They also emphasize the importance of including long-term follow-up assessments 
in order to fully evaluate positive short-term effects on the cognitive system.

Study III 
Sandberg, P., Rönnlund, M., Derwinger, A., & Stigsdotter Neely, A. (2014). Mem-

ory plasticity in older adults: cognitive predictors of training response and 
maintenance following learning of number-consonant mnemonic, manu-
script submitted to Neuropsychological Rehabilitation

In Study i and ii, age was shown to be an important factor behind the ability to 
gain from training, so that the younger showed more widespread effects of taking 
part in the training intervention as compared to the older. In those studies, we 
did however not evaluate how other individual factors affected the results. It has 
been suggested by earlier research that cognitive variables such as global cognitive 
functioning (Yesavage, Sheikh, Friedman, & Tanke, 1990), better initial ability on 
the targeted function (Verhaeghen & Marcoen, 1996), processing speed (Kliegl et 
al., 1990) and working memory capacity (Verhaeghen & Marcoen, 1996) affect the 
ability to gain from cognitive training. In Study iii, we investigated the relation-
ship between age as well as of three cognitive factors; working memory, processing 
speed, and verbal knowledge on training gains and maintainance thereof.

Method Study III

Participants
Participants in this study was 112 community dwelling older adults (M = 70.9; 
range 60-86) who were part of a larger sample receiving different types of memory 
training at the Stockholm Gerontology Research Center in Stockholm. They were 
recruited via advertisement in newspapers and screened for various conditions as-
sumed to affect cognition. All participants spoke Swedish fluently. Background 
characteristics of the participants are presented in Table 7.
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Table 7

m (sd) values of participant characteristics for returnees, dropouts and total sample 
in Study III

Training program

The training program in Study iii consisted of individual computer-based memo-
ry training with a Swedish version of the number-consonant mnemonic (Higbee, 
1988). Participants memorized lists of four-digit numbers which were randomly 
created and presented on the computer screen using a large font (Times 72). The 
mnemonic strategy was to convert each digit to a consonant, and creating words by 
adding vowels between the consonants. For further description of the mnemonic 
training, see Table 8. The difficulty level was adapted to the skill of the participants 
in a way which permitted them to control the number of four-digit sequences to 
be presented, the presentation time of them, and whether support in the form of 
writing down the generated word phrases should be provided. As the training pro-
ceeded, they were encouraged to add a time limit to the presentation time, and to 
work without support. The training was performed in groups of 6 participants with 
one test leader. Fourteen one-hour training sessions, (twice a week for seven weeks) 
weeks (14 sessions à 1 hour) were provided.
	 The four first session included strategy instruction and practice in order to 
ensure that the participants mastered the number-mnemonic. During the intro-
duction, they were taught the four steps of the mnemonic. The training procedure 
is depicted in Table 8.

Sex (w/m)
Age
Education (years)
Vocabulary
Depressive symptom

Returnees

(n = 94)

56/38
70.9 (6.7)
11.9 (3.7)
58.6 (7.3)
33.9 (6.2)

Dropouts

(n = 18)

12/6
70.9 (7.5)
11.2 (2.6)
58.8 (4.1)
33.7 (6.4)

Total sample

(n = 112)

68/44
70.9 (6.8)
11.8 (  3.5)
58.6 (8.9)
33.9 (6.2)
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Table 8

Training procedure in Study III
Phase in

training

Introduction first 
step

Introduction 
second step

Introduction third 
step

Introduction 
fourth step

Training sessions 
1-10

Description

Memorization of a series of number-consonant pairs. Each digit were 
to be transformed into one or two consonants:
1 = T or D
2 = N
3 = M
4 = R
5 = L
6 = J
7 = K or G
8 = F or V
9 = P or B
0 = S or Z

Word-phrase generation by using the previously (over-)learned 
number-consonant pairs and inserting vowels between them. Four-
digit codes which should be transformed into two words were used. 
From the four-digit number 4582 e.g. the words ReaL FuN could be 
generated

Encoding of generated word phrases. Participants were instructed 
to create meaningful phrases and practiced imagery and association 
skills

Retrieval of and translation of the encoded word phrases back to the 
number sequence ReaL FuN -> 4582

Practice with the number-mnemonic. Series of four-digit numbers 
were presented on a computer screen. Number of series; support in 
form of pre-generated word phrases or keywords; and presentation 
time could be adjusted by participant. As training proceeded, par-
ticipants were encouraged to work without support and with a time 
limit.
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Pre-, post-, and follow-up tests
At pre-, post-, and follow-up, multiple measures of each cognitive predictor (de-
scribed in Table 9), along with the number recall criterion task measure was ad-
ministered. The criterion task was the same as the one used during training and 
involved presentation of 10 four-digit numbers on a computer screen, at a rate of 45 
sec per number, and tested with immediate recall test following the Buschke selec-
tive reminding procedure (Buschke, 1973). During post-test and follow up, two 
versions of the test were used – one with support and one without. The support 
condition allowed participants to enter the number-to-consonant transformation 
as well as the consonant-to-word generation information at encoding, and during 
recall, they could say the word-phrases they retrieved, which was then typed in by 
the test leader and displayed on the screen which they had learned during training.

Table 9

Cognitive predictor tests in Study III
Cognitive

predictor test

Number copying

Line marking

Digit-symbol

Pattern comparison 
and letter compari-
son

Listening span

Cognitive

domain

Processing speed 
(motor)

Processing speed 
(motor)

Processing speed 
(perceptual)

Processing speed 
(perceptual)

Working memory

Description

Copy as many numbers as possible in 30 s into 
rows of empty boxes (10 boxes/row). Each empty 
box had a box above it, containing the number 
to be copied

10 rows of squares that were missing one line 
were presented (10 squares/row). The task was to 
complete as many squares as possible in 30 s

To copy as many symbols (each symbol associ-
ated to a digit as specified in a coding key) as 
possible in 1 min into empty boxes

Judge whether 30 pairs of line-drawings (3, 6, or 
9 lines)/letter strings (3, 6, or 9 letters) were same 
or different and write down the answer between 
each pair

Listen to sentences and respond to simple ques-
tions about each, while holding the last word of 
each sentence in memory for later recall. Num-
ber of sentences increased in length over trials
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Cognitive

predictor test

Computation span

Free recall of 
concrete nouns 
and Free recall of 
abstract nouns

Paried associates

Antonyms

Cognitive

domain

Working memory

Episodic memory

Episodic memory

Verbal knowledge

Description

Solve series of arithmetic problems, while hold-
ing the last digit of each problem in mind for 
later recall. Series increased in length over trials

Recall as many as possible of 16 concrete/ab-
stract nouns presented serially on a computer 
screen for 5 s each

Recall as many as possible of 10 number-con-
sonant pairs presented serially on a computer 
screen for 5 s each

Two versions – 1 with 29 and one with 70 items. 
Select and mark the word opposite in meaning 
to a target word among four alternatives

Results Study III

The results from Study iii suggest that several factors contribute to individual dif-
ferences in memory plasticity. First, baseline episodic memory was a predictor of 
training-related gains in the criterion task, so that the older participants with better 
episodic memory functioning at pretest were those who benefitted the most from 
mnemonic training. Second, a higher rate of processing speed was associated with 
larger training gains, and third, more extensive verbal knowledge is conducive to 
gains from memory training, beyond the influence of the former factors.
	 When comparing predictors of gain to those of baseline performance, this 
study revealed that although working memory did not emerge as a significant pre-
dictor for gain, it predicted baseline performance, while the opposite was true for 
verbal knowledge and speed.
	 Most of the negative influence on training gain in number recall following 
training was mediated by the cognitive factors. Age remained a significant predic-
tor of training gains only in the condition with support.
	 Further, the results demonstrated highly stable levels from posttest to the 
eight-month follow-up assessment, in particular for the condition in which sup-
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port was provided. No relationship with age was found, suggesting that whereas 
older age is associated with a reduction in memory plasticity, it has little effect on 
maintenance. Basic processing resources in form of speed and working memory 
did not predict maintenance of mnemonic skills. Instead, verbal knowledge was as 
a significant predictor for maintenance.
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General discussion
The overarching aim of this thesis was to study transfer, maintenance, and predic-
tors of gain in cognitive training in young and old adults. Cognitive training stud-
ies can broadly be divided into strategy-training studies or process-based training 
studies. Both types of training interventions were incorporated in this thesis, and 
four main issues were investigated. I will center the following discussion on these 
issues.

Transfer effects after executive functions training
in young and older adults
Few prior attempts to investigate training of executive functions broadly in both 
younger and older adults have been made (but see von Bastian, Langer, Jäncke, 
& Oberauer, 2013 for a similar setup with working memory training). In Study 
i, the focus was on investigating training gain and transfer effects of a process-
based training program constructed to target executive functions. The training 
was based on a theoretical model of executive functions presented by Miyake et al. 
(2000), and included training tasks designed to tap into inhibition, shifting and 
updating, in order to provide broad practice of the executive system. Inclusion of 
younger as well as older adults makes it possible to compare the modifiability of 
executive functions between age groups, which should be informative of life-span 
changes in plasticity.
	 In line with much previous research on process-based training (Jak, Seelye, 
& Jurick, 2013), we found significant training task gains, in both young and old, 
from pre- to post test in the criterion measure – the updating task letter memory 
running span, along with gain in all training tasks except the flanker task. The 
reason for the absence of a training effect in this task is not clear, but the costs of 
inhibiting incongruent flankers were relatively low already at session one, which 
made little room for improvement in this task.
	 Further, we also found transfer effects in both younger and older adults. The 
younger and older alike managed to generalize their practice to untrained meas-
ures of inhibition and updating. These tests were variations of the trained tasks 
but with different stimulus material, and different response modes. The differ-
ences between training and transfer tasks were arguably small, and this was also 
the purpose of including a larger set of near transfer task, since it can help paint a 
more fine-grained picture of the transfer effects. The differences between the tasks 
are, however, not trivial. In Stroop, for example, the transfer task involved giving a 
verbal response (e.g. saying “red” out loud when seeing the word “yellow” written 
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in red). The training version required participants to make the responses with a 
button press on the appropriate color key. Thus, the observed transfer task involves 
a more difficult inhibition task since the verbal response is arguably more heavily 
overlearned than the button press response. This shows that the effect goes beyond 
mere strengthening of task-unrelated factors such as improving motoric responses. 
No near transfer to any of the shifting tasks was found which was contrary to our 
expectations, since the tasks included are highly similar to the ones trained, and 
despite a clear training effect in both shifting training tasks. It is intriguing to 
note that in a study by Karbach and Kray (2009), only 2.5 hours of shifting train-
ing led to impressive far transfer effects in young and old adults. One difference 
between that study and ours is that the shifting tasks were more predictive in our 
study, since we provided cues about which task to perform, which meant that par-
ticipants did not have to keep track of which task to perform (Monsell, Sumner, & 
Waters, 2003).
	 As was alluded to in the background of this thesis, evaluating transfer effects 
after cognitive training might provide insights to the malleability of the hypothe-
sized underlying ability. If training in one type of tasks also improves performance 
on untrained measures of the same ability, this would be a sign that the underlying 
ability has been strengthened (Lövdén et al. 2010). Our training program only led 
to transfer in two out of six near transfer tasks, and thus does not lend firm support 
to the notion that broad executive training give rise to broad and consistent near 
transfer effects neither in young nor in old adults. 
	 We did however find transfer effects to two measures of working memory 
among the younger adults, which we classified as intermediate transfer (see also 
von Bastian et al., 2013). This fits with earlier research which provides well-estab-
lished links between measures of working memory capacity and executive func-
tions (Conway, Kane, & Engle, 2003). Varied training has been stressed as a key 
factor for giving rise to transfer (Schmidt & Bjork, 1992), and this notion is also 
supported by recent empirical findings (Schmiedek et al., 2010). It is however not 
quite clear why we found intermediate transfer in the absence of consistent near 
transfer effects. One explanation that comes to mind is that the training might 
not have been extensive enough in each targeted executive function to give rise to 
broad near transfer effects, but that it was varied enough to strengthen a common 
executive factor in younger adults.
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Comparison to an earlier training study

The interest in investigating the effects of targeting all three executive functions 
in training rose after two earlier studies by this group (Dahlin, Neely, et al., 2008; 
Dahlin, Nyberg, et al., 2008) had shown that five weeks of practicing with a train-
ing program focusing on the updating component of executive functions had given 
rise to near transfer to another updating task in young, but no transfer in old. A key 
point made in this work was that transfer is driven by a specific overlap between 
trained and untrained tasks in terms of process (updating), and brain region (stria-
tum). We therefore wanted to study if extending the training to target all three of 
the proposed functions would give rise to broader transfer, and to transfer also in 
older adults. We based this on the hypothesis that transfer is driven by an overlap 
in processing demands in trained and transfer tasks, and thus that strengthening 
the executive system as a whole might give rise to more robust and broad transfer 
effect. Specifically, a processing overlap between training and transfer tasks, ac-
cording to Schmidt and Bjork (1992), is hypothesized to lead to transfer because 
processing demands encountered during practice, prepares the participants for up-
coming demands in the transfer tests.
	 If transfer is driven by overlapping processing mechanisms, transfer effects 
could be expected to be broader when providing training on a larger set of func-
tions as compared to a more limited training. This has previously been investi-
gated within a working memory training framework by von Bastian and Oberauer 
(2013a), in which they found that broader training did not lead to broader transfer, 
but it has never specifically been studied within the context of executive functions.
	 Since Study i in this thesis and our two previous studies (Dahlin, Neely, et 
al., 2008; Dahlin, Nyberg, et al., 2008) used similar study designs, a compari-
son between them can be informative regarding this issue. The amount, length, 
and spacing of training was the same; many of the same transfer tasks was used; 
the same age ranges were investigated, and the same follow-up interval was used 
(Dahlin, Nyberg, et al., 2008). When comparing the studies, it can however not 
be concluded that training three subfunctions of the executive system instead of 
one leads to transfer beyond the very near in older adults. Even though we did 
find transfer to one updating task and one inhibition task in Study i, a somewhat 
more sensitive transfer battery was used as compared to our earlier studies, which 
captured a near transfer effect to the updating and Stroop tasks. The n-back task 
which was used in all studies was not improved in Study I in either age group. The 
younger adults however showed a somewhat broader transfer effect which might 
suggest a strengthening of the core executive ability common for all the tasks.
	 It should be noted the design of Study i warrants for appropriate caution 
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when drawing conclusions about whether it is more fruitful to apply training to 
one component as compared to three, since we only included the broader train-
ing program and not a second group receiving training in one function only. The 
inclusion of a control group receiving training in only one executive function – e.g. 
updating, in the same study, would have permitted us to draw more firm con-
clusions about whether training the executive system broadly also leads to broad 
transfer.

Proficiency in trained tasks as a predictor for transfer?

Based on our findings in Study i and the studies by Dahlin and colleagues, we 
could concluded that, although the older adults improved to an equal amount as 
the younger in training, they still performed at a lower level than their younger 
peers in the trained task at the end of practice.
	 To investigate the relation between level or performance and transfer further, 
we conducted a pilot study with older adults where the training length was not set, 
but where participant instead trained until they reached a set criterion of 70 % cor-
rect responses in the criterion measure (letter memory running span). We recruit-
ed 25 healthy older adults of which 18 participated in updating training and seven 
served as controls. The groups were equal in terms of age, mmse score, processing 
speed (Digit Symbol Substitution), and vocabulary (srb-1) at baseline. The training 
focused on updating with four running span tasks (Pollack, Johnson, & Knaff, 1959) 
and one keep track task (Yntema, 1963), and was adapted to performance. Sixteen 
of the participants reached the criterion, and mean number of sessions needed for 
reaching it was 23.4 (sd 8.6, range 15-43). The results showed that the trained group 
improved significantly in both of the transfer tasks – Number memory running 
span and 3-back, as compared to controls. When comparing a group who needed 
more than 24 sessions to reach the criterion to those who needed less, there were no 
differences in terms of transfer effects. This supports that the level of performance 
and not the training length was crucial for transfer. Thus, these preliminary results 
suggest that in order for transfer to occur, a certain degree of proficiency during 
training has to be reached. This has clinical implications, since cognitive training 
may need to be individually tailored in order to be effective. And further, the results 
show that the level of performance reached after training is relevant to consider in 
order to understand the nature of select transfer effect.
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Transfer to measures of everyday-life cognition?

Studies of cognitive training have both theoretical and practical implications, and 
some of the theoretical issues have already been covered. However, clinical impli-
cations are also important to consider. The overarching clinical goal with training 
research is to find optimal ways of strengthening declining function in old age, in 
order to support cognition in people’s everyday lives. Measuring transfer to other 
cognitive tasks is one way of investigating whether the training is beneficial in a 
broader sense, but they do not capture directly the effects on everyday life-situa-
tions. Transfer to real world situations have been investigated in studies within 
the active program, which have shown that cognitive training resulted in transfer 
to self-reported instrumental activities of daily living (iadl; Willis et al., 2006), 
and less involvement in at-fault motor vehicle accidents (Ball, Edwards, Ross, & 
McGwin, 2010). In Study I we included the Prospective Retrospective Memory 
Questionnaire (prmq; Crawford, Smith, Maylor, Della Sala, & Logie, 2003), in 
which participants rate how often they have experiences of e.g. forgetting to buy 
something in the store, forget to do something which they just recently decided to 
do, or mislay things like glasses or magazine.
	 We did however not find any effect of the training on this questionnaire. It 
is possible that effects on everyday life performance might have gone unnoticed 
due to the nature of the measure, but it should be noted that prospective memory 
(which constitutes half of the questionnaire) refers to the ability of remembering 
to do things in the future, and this ability is closely related to executive functions. 
Capturing effects such as these with self-report scales is difficult, and it is possible 
that the training group as a result of participating in training started to pay closer 
attention to “failures” in their every-day lives.
	 We also administered a questionnaire in which we directly asked all partici-
pants whether they felt that participating in the study had led to any memory im-
provements, and if it had, we asked them to give examples. Of the 15 participants 
in the older training group, nine reported some or distinct improvements. Among 
the examples were “holding a telephone number in the head while dialing”, and 

“remembering grocery lists when going shopping”. Three of the younger stated that 
they experienced some improvement and gave examples of “remembering texts bet-
ter”, and “easier to shut out irrelevant sounds while studying”. Among the controls, 
one in each age group reported some improvement. Such effects are positive to 
note, but a degree of caution should be applied when interpreting such data since 
they are possibly affected by expectancy effects. They are nonetheless encouraging 
and a motivation to keep doing research on the subject, and if used in combination 
with active controls, the influence of expectancy is likely to be lowered.
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Stability of gain and transfer effects
and their relations to age
It has been stressed (Schmidt & Bjork, 1992) that in order to fully evaluate the ef-
fectiveness of training, it is necessary to investigate not only immediate effects, but 
also to study the effects over time. Schmidt and Bjork (1992) distinguish between 
performance and learning, where the latter is reflected in enduring effects after 
practice, and investigating them is crucial when evaluating training.
	 Ball, Edwards, and Ross (2007), and Willis et al., (2006) have argued that the 
benefits of training may in fact be more relevant to maintenance than to immedi-
ate effects, so that untrained individuals over time experience a decline in cognitive 
functioning, while those who have received training show maintained or increase 
in ability. 
	 Several studies with strategy-based training approaches have shown main-
tained performance over time periods for several years (Bottiroli, Cavallini, & 
Vecchi, 2008; Stigsdotter Neely & Bäckman, 1993; Rebok et al., 2013), and it has 
also been shown that strategy training can lead to long term effects of activities of 
daily living (Willis et al., 2006) after five years. However, the amount of process-
based training studies investigating maintenance are few, and only two studies 
with follow-up intervals with a year or longer are available (Buschkuehl et al., 2008; 
Dahlin, Nyberg, et al., 2008). In Study ii of this thesis, the focus was on investi-
gating long-term effects of the executive functions training program from Study I, 
and if long-term maintenance is restricted by age.
	 The results from Study ii showed that both (younger and older) training 
groups’ gain in the letter memory criterion task was stable over the 18 months 
period. Thus, both younger and older performed at the same level in this task 
as directly after training, 1.5 years earlier. This result replicate the findings from 
Dahlin, Nyberg, et al. (2008) and give further support for stable maintenance of 
training gains in both younger and older adults, which is in line with much previ-
ous research (Anguera et al., 2013; Borella et al., 2014, 2010, 2013; Brehmer et al., 
2012; Carretti, Borella, Zavagnin, & de Beni, 2013; McAvinue et al., 2013; Zinke et 
al., 2014).
	 Further, the same pattern of results were shown for an updating near transfer 
task which involved new stimulus material, and this is important since it shows 
that older and younger alike can maintain performance also in a untrained task for 
time periods longer than a year. This is noteworthy for the older adults, in light of 
lower performance levels at posttest compared to the younger, ongoing cognitive 
aging process, and the fact that no boosting activities was performed during the 
time interval between posttest and follow-up. They were also not given any infor-
mation about an upcoming retest session. This is, to the best of my knowledge the 
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first demonstration of maintained near transfer effects in older adults over a period 
longer than a year. As noted in the above section about training gain and transfer 
effects, an equally long follow-up interval was used in an earlier study (Dahlin, 
Nyberg, et al., 2008), but the transfer battery of Study ii in this thesis was some-
what more sensitive than in that study, which allowed us to detect effects of tasks 
similar to the training tasks.
	 The gain in performance in the Stroop task which was evident for both age 
groups directly after training was not maintained over the studied period, and the 
intermediate transfer effects which were shown in the younger, had also decreased 
back to pretest level over the interval between posttest and follow-up. This might 
be interpreted as near transfer effects being more stable over time.
Thus, the results from Study ii suggests that maintenance of transfer effects are 
slim, and only confined to one task, which was highly similar to one of the training 
tasks and the criterion measure. The larger part of the increase and maintenance 
of this task is probably rather task-specific (Schmiedek et al., 2010), since the only 
difference between the tasks were the stimulus material (numbers instead of let-
ters). Thus our results does not suggest that a more broad and permanent plastic 
change in neither in young nor old, has been the result from training broadly on 
three executive functions.
	 In light of these results, it is important to point out that follow-up assessment 
should be included in training studies in order to fully evaluate the effects of train-
ing. Obviously, a training program which manage to enhance cognition in general, 
but where performance quickly drops back to baseline levels have little clinical sig-
nificance. Such decline in improvement might be hindered if booster sessions are 
included after training has ended (Baldwin & Ford, 1988; Ball et al., 2002; Willis 
et al., 2006).

Predictors of gain and long-term effects
after strategy-based training
Age-effects on gains, transfer and maintenance after process-based training have 
been discussed above, therefore the following section will focus on age and a range 
of cognitive predictors for training task gain and long-term effects after a strategy-
based training program for episodic memory performance, which was examined 
in Study iii.
	 In study iii, the main focus was on investigating predictors of training gain 
upon an episodic memory task. The training involved learning and practicing a 
number-consonant mnemonic. The need for memorizing numerical information 
in the form of pin codes are getting increasingly common in a host of situations, 
such as paying bills, visiting friends, or borrowing books from the library. There-
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fore, such a mnemonic has an advantage of being highly ecologically valid (Der-
winger, Neely, Persson, Hill, & Bäckman, 2003). Remembering random digits 
demands allocation of processing resources, and strategies can greatly remedy the 
amount of information to be remembered. Earlier studies have indicated that the 
amount of available cognitive resources in the form of for example, speed (Singer, 
Lindenberger, & Baltes, 2003), working memory capacity (Verhaeghen & Mar-
coen, 1996), and vocabulary (Bissig & Lustig, 2007)  may be central in describ-
ing cognitive aging, and also affect training gain. No study has, to the best of 
our knowledge, investigated the influence of all these factors simultaneously upon 
mnemonic training gain.
	 In Study iii an older sample with an age range of 60-86 years were included. 
The participants were thus both young-old and old-old participants. It has earlier 
been shown that decrease in cognitive abilities show decline after the age of 60, 
with relatively large differences within that age spectrum (Rönnlund et al., 2005), 
especially within the domain of episodic memory, which makes age, as well as cog-
nitive abilities possible predictors of training gain. Further, age-related reductions 
in plasticity has been demonstrated both between samples of young and young-
old adults, and within groups of older adults (Verhaeghen, Marcoen, & Goossens, 
1992).
	 Previous studies involving strategy training have shown larger gains from 
training for younger adults, and a magnification/amplification model has been 
suggested from such studies (Kliegl, Smith, & Baltes, 1989, 1990; Verhaeghen & 
Marcoen, 1996). According to this model, age-related differences in training gain 
can be explained by differences in pretest performance, so that lower performance 
at pretest leads to lower gain. This in turn leads to, since older adults often perform 
at a lower level, age differences being magnified by training.
	 The results from Study iii showed that baseline episodic memory perfor-
mance predicted training gain in number recall. This is to be expected according 
to a magnification model, and shows that those participants who were initially 
more proficient in the targeted memory process were those that also benefited the 
most from training.
	 According to the processing speed account for age-related decline (Salthouse, 
1996), the speed of which operations can be performed is the most limiting factor 
for cognitive functioning in old age. In the present study, speed did not explain 
any unique variance at pretest but did so at posttests as well as for training gains. 
The pattern of increased importance of speed in predicting gain are in line with 
previous findings showing an increase in predictive power of broad fluid ability 
measures as a function of skill learning (Kliegl et al., 1990; Singer et al., 2003).
	 The processing speed account of cognitive age-related decline is related to 
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other theories about cognition in old age that underline that the decline in a range 
of cognitive functions might best be understood in terms of limitations in the 
total amount of available resources in old age. In this study, we did not investi-
gate the importance of executive functions upon training gain directly, but some 
authors have argued for the possibility that processing speed predicts performance 
on other aspects of cognition, such as executive functions, because the tasks use to 
measure speed requires executive control. Cepeda, Blackwell, and Munakata (2013) 
points out that even the simplest tasks of processing speed requires maintenance 
of a task goal and filtering of background information, while the more complex 
measures also involves controlling attention when maintaining and manipulating 
task-related stimuli in working memory. In the future, it would be interesting to 
include explicit measures of executive functions in order to further shed light on 
their involvement in plasticity in old age.
	 We did however include measures of working memory, which did not predict 
training gain, contrary to our expectations, while it did predict baseline perfor-
mance in the criterion task. According to 1) a magnification model, in which a 
matching set of predictors would be expected to predict both baseline recall and 
training gain, and 2) a limited processing account for age-related differences, it 
would be expected that also working memory proficiency played a part in this re-
gard. The fact, again, that a reasonable amount of variance was shared between cog-
nitive predictors for both baseline recall and training gains, might however be an 
indication of a more general cognitive factor for baseline recall and training gains.
	 Further, verbal knowledge (semantic memory) was predictive of training gain 
beyond the influence of speed and episodic memory. This is in line with earlier 
research showing that rate of verbal learning is predicted by earlier acquired verbal 
knowledge (Rast, 2011). One speculative interpretation of this might be that the 
life-long acquisition of verbal knowledge, which is also related to years of educa-
tion (Rönnlund et al., 2005) also works compensatory for other types of decline.
	 Regarding age, the results showed that although the cognitive factors, which 
are discussed above, mediated most of the negative influence of gains in the num-
ber recall task, age predicted training outcome in the condition with support. In 
this condition, participants were allowed to write down the word phrases that they 
generated during encoding and retrieval of the number sequences. This procedure 
reduces the reliance on executive functions/working memory capacity during test-
ing, and allows participants to concentrate on the crucial aspects of the strategy. The 
overall performance gain was significantly larger in the support condition, while in 
the unsupported condition, the training had a smaller impact on recall performance. 
This was contrary to our expectations, but might be explained in terms of the unsup-
ported condition being to taxing for this age group. Thus, when support was given, 
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more processing resources were freed, from which the younger-old benefitted more.
	 In this study, the extent to which individual differences in cognitive perfor-
mance predict gain and maintenance in a strategy-based approach was examined. 
In the future, it would be interesting to extend this research question to the do-
main of process-based training also. This has been done by some researchers  who 
have provided evidence for training improvement (Bürki et al., 2014; Richmond et 
al., 2011) and age (Bürki et al., 2014) being related to the outcome of training.
Predictors for long-term maintenance of training gains and transfer effects
In Study iii we also investigated how age and initial cognitive performance was 
related to long-term maintenance of training gains over a follow-up interval of 8 
months. The training gain in the target episodic memory task was maintained to a 
high degree, especially in the condition in which support was provided. The results 
showed that the only significant predictor for maintenance of gain in the crite-
rion tasks, regardless of condition (with or without support) was verbal knowledge. 
None of the factors predicting training gain was related to maintained perfor-
mance, neither any of the other cognitive variables (speed and working memory), 
nor age. Thus, verbal knowledge is acquired over the course of the life-time, and 
typically show less decline than other aspects of long-term memory, attention-
related constructs such as executive functions and working memory. It is possible 
that this life-long learning works as a protective mechanism against cognitive de-
cline in old age in other critical factors.

Limitations
General limitations related to studying older adults

An issue when studying an older population is that it is possible that older adults 
perform at a lower level due to other aspects than cognitive decline related to the 
normal aging process. Confounding factors such as depression; not yet detected 
early-stage dementia; mild cognitive impairment (mci); impaired auditory, visual, 
and/or tactile sensory processing; weaker muscles; or less familiarity with comput-
ers could affect the older adults to perform in the training program and on the 
transfer tests. This could lead to an overestimation of the age-related differences 
in baseline performance, training gain, and transfer effects, as well as individual 
differences predicting gain. In our studies, we excluded people at risk of dementia 
with the mmse test, and of depression as measured with bdi. To be included in 
the studies the participants could not have suffered trauma to the head or having 
problems with alcohol or other drugs. Sight and hearing were however not assessed, 
nor were muscle tonus, hypertension, diabetes, etc. Who to include in a sample 
representing an aging population is a delicate endeavor, since a stricter criteria for 
exclusion might yield a non-representative sample of only the highest functioning, 
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or successfully aged individuals. Other problems with measuring age effects with 
cross-sectional studies are the possibility of cohort effect – such that later-born co-
horts tend to perform better at cognitive tests than earlier-born cohorts (The Flynn 
effect; Flynn, 1987). Comparing aged individuals with their younger selves is to 
prefer, but was for the purpose of this thesis hard to implement. However, there are 
indications that education accounts for a large part of such effects (Rönnlund & 
Nilsson, 2009), and in Study i and ii, the differences in education between younger 
and older were modest.
	 Another issue which is worth noting is that when recruiting participants 
to participate in psychological research, the people who sign up for participation 
might not be representative for the whole population, so that the study includes a 
sub-sample of successfully aged older adults.

Limitations of Study I and II

Study i and ii have provided new insights about executive functions training. 
However, when interpreting the results from Study i and Study ii, some limitations 
need to be considered. First, the sample size is arguably quite low which needs to 
be kept in mind when interpreting the results. Training studies are resource de-
manding, but in future studies, more participants is to prefer in order to increase 
power in the analyses.
	 The difficulty level in the training program was not individually tailored, but 
rather we used a stepwise increase in difficulty level which was adjusted only for 
age (so that the older participants received one more session on the first difficulty 
level). It is thus plausible that not all participant practiced under optimal condi-
tions in terms of how challenging the training was. Individually tailored difficulty 
level has been stressed as important by e.g. Klingberg, (2010) and Lövdén et al. 
(2010). Post-training interviews confirmed however that the training was perceived 
as demanding for both young and old.
	 The fact that we included criterion measure only for updating needs to be 
considered. This was done in order to keep testing time within reasonable limits, 
and to be consistent with the earlier studies on updating training (Dahlin, Neely, 
et al., 2008; Dahlin, Nyberg, et al., 2008). This however led to slightly more train-
ing in updating compared to the other two executive functions, since the criterion 
task was administered both at pre- and posttest and at the beginning of each train-
ing session. This is unfortunate since it limits the interpretability of the result. This 
repeated testing might have affected the results. An active control group receiving 
only the criterion task could have been included to control for this. Further, the 
fact that the training sessions were kept at the same length as in the previous stud-
ies, led to less training in each targeted function.
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	 In Study i and ii, we used a no-contact control group. Such a control group 
makes it possible to rule out retest effects, but it does not control for placebo-like 
effects. Social contact and motivation might have affected our results and explain 
the training effects. Including an active control group with for example low-level 
training would have made possible more firm conclusions. However, studies were 
both an active and a passive control group have been used, did not show any dif-
ference between the two control groups performance, making a placebo effect less 
likely (Brehmer et al., 2011; Richmond et al., 2011). Further, in a meta-analysis of 
wm training studies by Melby-Lervåg and Hulme (2013), showed that the effect 
size of wm training did not differ whether the training group was compared with 
either an active or no-contact control. However, and it has been stressed before, 
researchers should strive to include active control conditions in order to rule out 
confounding effects of taking part of the training program.

Limitations of Study III

In Study iii, we measured the predictors with composite scores based on several 
different tests of each ability which increases the reliability. However, using factor 
scores instead would have further strengthened the claim that they represent the 
same construct.
	 Further, a potential factor affecting the outcome of training is that the sup-
ported condition was administered before the unsupported condition at posttest 
and follow-up. This could have helped the participants to refamiliarize them with 
how to apply the strategy, and might particularly been important at the follow-up 
condtion.
	 Third, the generalization to other types of training situations is not straight-
forward. We used the number-consonant mnemonic, whereas most studies focus-
ing on episodic memory have used the method of loci. The number-consonant is 
rather demanding, in terms of executive/working memory abilities, to master. It 
is possible that such resources thus have also been strengthened which might have 
affected the outcome.

Ethical considerations
All the studies in this thesis were based on voluntarily participation, and informed 
consents were collected from all participants. We had no direct cause of suspecting 
that the training programs themselves might be harmful to the participants, but 
still some ethical considerations needs to be mentioned. First, the control groups 
were excluded from taking part of the presumably beneficial training programs, 
which could be viewed as problematic in terms of ethics. However, all participants 
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of all studies were invited to an information meeting (after the follow-up test ses-
sions) where the purpose and results of the studies were presented, and demonstra-
tion of the tasks that were used.
	 For the control participants of Study i and ii, we also provided information 
about where to find similar tasks online. Further, we do not know whether the act 
of telling people that they belong to a group that needs cognitive training in fact 
generating a stereotyped threat. However, the information for recruitment did not 
mention anything about memory problems in old age, and was the same to both 
young and old participants. 

To sum up and look forward
There is no doubt that the view that was earlier dominating aging research, that 
aging is a period of universal decline, is being challenged. The life we live af-
fects our cognitive abilities, and engaging in stimulating activities likely affect the 
life-span development of different aspects of cognitive functioning (Hertzog et al., 
2008). Training studies are a promising way of studying such effects on cognition 
across the life span. With aging, the pool of available resources such as speed of 
processing, executive functions, or working memory for different reasons becomes 
limited. Two main roads have been taken in research in order to find ways of sup-
porting such decline, which both have revealed the possibility for plastic change 
both in knowledge structures and in domain-general cognitive processes. There is 
a wealth of studies, which, although promising, have yielded rather mixed or even 
contradictory conclusions. Now the time has come to take this research one step 
further. Although training studies are resource demanding, both for researchers, 
funders, and participants, larger samples will need to be included in future studies. 
Effects of training upon cognition might be expected to be highly varying between 
people, especially in old age, and larger samples might be needed in order to detect 
an improvement. This would also be beneficial since it would permit other types 
of analyzes to be performed, such as measuring plasticity of cognitive functions on 
an ability level rather than on individual tests, which has successfully been done by 
(Schmiedek et al., 2010). In addition to larger samples, we should strive towards a 
more thorough investigation of the factors driving training gain and transfer.
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Some final thoughts

During my years as a PhD student, I have had the pleasure to read, think, and talk 
about cognitive training during seven years (thank you Alia and Mina for giving 
me that extra time), and some reflections on this issue needs to get onto paper as 
well. When studying cognitive training in young and old adults, we assume that 
there is something with older people which needs to be fixed. When focusing 
research on issues that supposedly needs mending, we run the risk of cementing 
views of old age as a period of decline, although we thought we pointed out the 
opposite, that plasticity reaches into old age. Further, we might end up, also with-
out the intention to do so, with communicating to people that perfect cognitive 
functioning is what counts in life. There is, however, arguably more to life than be-
ing “cognitively fit”. We need to have such concerns in the back of our head, while 
continuing on this, I think, promising line of research.
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