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Anotace

Tato diplomova prace pojednavd o vztahu mezi ohecpoacovni parti,
jednotlivymi druhy pracovni pagti a obecnym inteligemim faktoremg a
“Sirokymi” kognitivnhimi schopnostmi. Teoretick&st se zabyva popisemetanych
konstrukfi, jejich vyvojem, zfisoby jejich mdfeni a studiemi zabyvajicimi se
zjistovanim vztahu mezi nimi. Praktickatasti je vyzkum zagteny na o¥ieni
vztahu mezi obecnou pracovni péima obecnym inteligemim faktorem, dale pak
na zjiséni vztahu mezi jednotlivymi druhy pracovni p&ma “Sirokymi”
kognitivnimi schopnostmi. V praktick#sti je rovidZz owrovana otazka tykajici se
pouzivani strategii dastniky i jejich testovani automatickou verzi ¢tfani

pracovni paréti, které by mohly mit vliv na korsay vysledek.

Kli ¢ova slova: Pracovni part, obecny inteligetni faktor g, Siroké kognitivni

schopnosti, pracovni patha vyuziti strategii

This thesis deals with the relationship betweenkigr Memory, Working Memory

Span tasks and general facgaand Broad cognitive abilities.

Measured constructs are introduced in the thealepert, with their evolution,

various methods of their measurement and studigssiigating the relation

between them. The empirical part of the researshble@n conducted to verify the
relationship between Working Memory and generalliigience factog. It has been

done to reveal the relationship between Working MenSpan tasks and Broad
cognitive abilities as well. The question concegnihe influence of the use of
strategy while performing the automatic versionVidrking Memory Span tasks

has been investigated as well.

Key words: working memory, general intelligence factpbroad cognitive

abilities, working memory and strategy use
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1. Introduction

The scope of this thesis is the investigation afiacal relation, between
general intelligence factay, broad cognitive abilities, general Working Memory
(WM) and WM span tasks. Many studies have alreaggnbconducted in this
field. Although the researchers differ in opiniomea about the basic view of
WM, they have achieved similar results — that aomdgi the significant relation

between WM and some of the cognitive abilities.

This topic was primarily chosen to explore the aipscfeatures concerning
the relationship between few of the componentseoiegal factog (broad cognitive
abilities) and their relation to WM components (W8pan tasks). As mentioned
above many studies have already been conductedndoout more about the
relationship between cognitive functions and WMt bat many of them involved
complex investigation which would provide multiptests of a wide range of
cognitive ability factors (e.g. reasoning, spatiaérbal, numerical, processing
speediness), multiple tests of WM in each of ti&edint content domains (verbal,
numerical, visio-spatial). So, the newest testirgpsurements of WM and cognitive
abilities were used in this study to make anotlheser approach to the problem and
see whether the results of the previous studiessing on the relationship between
general WM and general factgrwould be supported by this research and also to

find out more about the relation between Broadtadsland WM Span tasks.

It was interesting, using test designed to measwte only the general
intelligence factorg but also broad cognitive abilities of which thesuks were
compared with the results of WM testing in verlmalmerical and the visuo-spatial

domain.

Contribution of this thesis | see in the possipibf usage of found results in
following research or in the possible improvementagnitive abilities using WM

training.



The assumption is that different types of WM arsoagted with different
broad cognitive abilities. Finding which WM Sparskacorrelate with what broad
cognitive abilities could help the possible futdevelopment of WM training tasks.
It would be possible to train only specific types WM depending on which

cognitive abilities are in deficit.

WM span tasks should be always composed of prouwgsmrt and to-be-
remembered items (TBR) which vary. Depending ondagcit cognitive ability,
these features could be modified to contribute tfoimprovement as much as

possible.

Another aim of this thesis was to find out more w@hdifferences in strategy
used while performing on automated WM-Tasks for shely. The reason for this
investigation was the author's personal experiemgth strategy use while
performing WM span tasks. These strategies have taléed helping strategies and
the author wanted to find more about how they gtiice the performance on the
automated WM Test in case the participants use .tHeome researchers have
investigated the strategy use in older WM-testiagsions and a positive correlation
between strategy use and the WM score has beemmedf Therefore, the author
decided to find out whether the results of the reswW&M-testing version are also
positively influenced by the strategy use. In ocafsa positive correlation, the results

of this investigation could help improving the aotzce of WM Span tasks.

In the first phase of this thesis the term WM wik explained by
distinguishing it from another term — Short Termriviey (STM). Studies focused
on the investigation of the relationship betweeMSand higher cognitive functions
will be briefly introduced as well as the reasors/\6TM and its relation to WM is
not the scope of this thesis. Later, some of thetrimdluential WM studies would
be explained that starts from those which assedsspecific components of the
WM (or at least some of its sub-components). Thablem of the differences in
viewpoints concerning the understanding of the t&viM because of the various

studies that have already been conducted would laésanentioned. Different
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methods of measuring the WM will be described a6 wi¢h the reasons to choose
them.

Next, some of the researchers investigated theedegr which variation in
strategy use predicts individual differences in Wdgan performance will be
mentioned.

Then the important studies focused on the reldtipnbetween WM and
higher cognitive functions will be introduced foretter understanding what
principles were used in previous studies; whatrtaen was and what results were

achieved.

Finally, this Thesis will present some of the mogiuential theories of
intelligence. The intention being to explain on whasis the intelligence LPS-
neu Test was chosen for this study. It appearsitii@liigence research because
of its subjective nature has a long history with ¢lear end. This test was
compiled using some hypothesises of which | agseiid, enabling access to a
large amount of information. It is important to dese what led me to such a

choice.

In the second phase | shall introduce my own warkceived on the basis
of the results obtained in the previous studiesngsitioned above, my focus was
not only the confirmation of the relation betweenMWand the general
intelligence factord) to support findings of most of the previous worat also
the relation between WM and some of the abilitiesmf the area of so-called
broad abilities which are increasingly becoming iateresting area in WM
research. | shall discuss next, in more details, iethods chosen for the
measurement of both constructs as well as the mea®w this choice and the

whole procedure of gaining needed data.
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2. Working Memory (WM)

2.1. Introduction of the term WM

There are many approaches to the study of WM usirange of empirical

and theoretical techniques

In the beginning, | would like to start with Badegls way of understanding
the nature of human memory in general. He sayke B evolutionary perspective
and speculate on what memory functions might praseful to an organism
evolving in a complex and varied, but nevertheltssctured, world. Let us assume
that an organism has been given a number of sem$amynels — vision, hearing,
touch and smell. Information from these variousnectes should, in principle, be
related; objects such as trees can be seen antethuend indeed heard as the wind
rustles through their leaves. Appreciating this anghting some representation of
an object is likely to require memory, at leasaaemporary form, a short-term or
WM that will allow the organism to pull togetherfanmation from a number of
sources and integrate it into a coherent view efgtrrounding Word,“ (Baddeley,
2004, p. 14).

He describes how important memory is for our evapide, and even shows
the special role of WM as a necessary mechanisrohngmables us to understand
each situation as a unit in all its various aspdexactly this fact (the ability to pull
information together to get a corresponding viewwalrld) may attribute WM a
special role in explaining the roots of intelligendBut first, it is necessary to
explain what is meant by the term WM, and for fhisposesome of the accepted
theories of WM, especially those which emphasize @onceptual distinction

between WM and Short-term Memory, will be used.

Short-Term Memory (STM) is another construct whstme researchers
were expecting, would correlate with intelligen(eg. Engle et al., 1999; Conway

et al., 2002) It is typically used to refer to ®yss specialised for the temporary
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storage of information without any explicit conemt processing requirement (e.g.
Colom et al., 2005).

2.2. Distinction between WM and STM

STM and WM are both central constructs in modesoties of memory and
cognition and many researchers have suggestedhibse constructs are separate
and have different relation to higher cognitiveliéibs.

A good example of distinction between WM and STMuwdobe the study of
Unsworth and Engle (2007), who showed the diffeesnbetween these two
constructs by differing in the methods of their sw@ament in psychometric
batteries of intelligence - ,in short-term memooy §imple) span tasks, participants
are given a list of TBR items including lettersgitB, words, or shapes and are then
asked to recall the list in the correct serial ondemediately after presentation of
the last item. For example, in the letter span,tpskticipants who receive the list
‘R, S, L, Q, T" must correctly recall the lettens their correct serial order. Any
deviation (e.g., recalling “S” as the first lettés)counted as an error. Additionally,
list length is typically varied such that partians are required to sometimes recall
short lists (e.g., two items) and other times Helomiger lists (e.g., seven items). In
WM span tasks, such as the simple span ones, ipartts recall a set of items in
their correct serial order. The tasks differ inttlmplex span requires the
participants to engage in some processing activirelated to the memory task.
The processing component can include reading sesdensolving arithmetic
problems, or assessing the symmetry of visual ¢tdj€or instance, in the operation
span task, participants solve math problems whijeng to remember unrelated
items,” (Unswoth and Engle, 2007, p.1038).

They give the following as an example of a trial:

IS (8/2)-1=17R

IS (6*1) + 2 = 872L

IS (10*2) - 5 = 157S
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IS (12/6) + 4 = 107Q
IS (2*3) - 3=37T

It can be concluded that these authors understiihle&s a memory capacity
measured by short-term memory tasks, tasks reguatorage of some number of
items. And WM is described as a capacity measuyeidhdks requiring a storage of
a number of items and focusing the attention owmisglarithmetic problems at the
same time. The method mentioned above became otie ahost important tools
for researchers in their quest for investigating WM

Another example is description in Baddeleys work ereh he also
distinguishes WM from STM. He says that ,the tershort-term memory” is
typically used to refer to systems specialised floe temporary storage of
information within particular informational domains term “WM” is used to
describe a more complex system responsible for thatlprocessing and storage of
information during cognitive tasks,” (Baddeley, PO@. 78).

Conway et al. based on the theories of other rekees views the STM as ,a
simple storage buffer, the capacity of which isedained by practiced skills and
strategies, such as rehearsal and chunking“. Wioitrast ,is more complex in
that it consists of a storage component as welarasattention component. The
function of WM is to maintain memory representasidn the face of concurrent

processing, distraction, and/or attention shift§€6nway et al., 2002, p.164).

2.3. WM, STM and their relation to higher cognitive ftianos

Studies investigated the relationship between STMI & were not
convincing. Although some of the researches haypated the idea of possible

realtion of STM and intelligence (Mukunda, 1992gmy others have not.

Already Daneman and Carpenter in 1980 found out $haple span (task

measure STM) was uncorrelated with reading comm®bga. In contrast, complex
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span (task measure WM) was strongly correlated keidlding comprehension. Also

many other researchers have supported this coorenti

Conway et al. (2002), Engle et al. (1999) foundt M&V is a slightly
better predictor of g than STM. Colom et al. (20@5)d Ackerman (2005)
asserted that only WM not STM predict individudfeliences in intelligence

Possible reason
The traditional measures of short-term memory dapaich as simple digit

span, fail to reveal a strong relationship with swas of comprehension.

Baddeley and Hitch (1974) claimed in their artidleat the lack of
relationship between STM capacity and complex dogmiis due to the fact that
STM is a passive storage buffer that is not invdlve the processing of

information.

Another research point out that there can be faliffdrences in the brain

activity depending on number of stored informations

Rypma et al. (1997) exmined whether prefrontal swrae activated when
only maintenance is required in a delayed-respdbé task, without the overt
requirement to manipulate the stored informatidmeyffound out that small amount
of to-be-maintained items ( 3 ) required engageméifontal areas (areas engaged
while performing on STM tasks), increasing the antoaf information ( >6 ),
without any overt manipulation requirement resultedecruitmaent of additional
prefrontal areas (areas engaged while working on i&8ks).This results support
Unsworth and Engle’s theory (2007) of primary (RMYl secondary memory (SM).
They suggested that ,performance on simple and t@mppan tasks can be
interpreted in terms of dual-component frameworkt tikombines an active
maintenance component (PM) with a controlled cugeddent search and retrieval
process of information that cannot be maintained!)(Sitems are initially

maintained in PM but are displaced to SM by otheoming items or by distracting
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information. Items that have been displaced museb@&ved via controlled search
of SM at recall. Iltems that have not been displdcech PM are simply unloaded
during recall,” (Unsworth, Engle, 2007, p.106G)we understand PM as a STM
and SM as a WM their conclusion could explain wlaynstimes STM correlate
with WM results. It can be assumed that simple sfzmks concerning bigger

amount of items measure more likely WM then STM.

Unsworth and Engle (2006) reported that complexn gpexrformance was a
moderate predictor (r = ,45) of fluid intelligencghile simple span performance
was not (r = ,12). However, at higher memory lo&es items), both simple and
complex span performance weegually good predictors, with the correlation
between simple spand fluid intelligence rising to ,45. These ressliggested that
simple span tasks measure STM only if they conedrout 3 items. More items
engaged probably brain areas responsible for WMs Tan be the reason, why
some of the researchers who were using simple wthrhigher memory loads to

measure STM found significant correlation betwe&M%nd g.

From that reason the aim of this thesis was nding out more about
STM and its relation to intelligence, while only Wé&éems to be predictor of the

higher cognitive functions.

2.4. WM and its development

The term ,WM* was first formally introduced moreath fifty years ago by
Miller, Pribram and Galanter (1960). Miller et augessted that behavior is
governed by concepts serving the function of gaat$ plans, on the basis of which
the behaviour is judged and modified until a gesaldached. WM was expected to
be used to maintain the plans in an effective statt make comparisons between
plans and actions (see Cowan, WM capacity, 200bg fErm was addopted by
Baddeley and Hitch (1974) who were examining a extbg performance on list
learning, retrieval, and comprehension tasks urwerditions of high and low

interference. Their description of WM is probablyosest to the current
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comprehension of WM as it's found in different sesl today, which states:
.individual differences in WMC reflect underlyingiférences in the ability to
control attention in order to maintain task or gogevant information in a highly
accessible or active state in situations whereether substantial internal and

external distraction and interference,” (Unswo2009, p.389).

Conway gave a more concrete definition of WM. Heripreted it as ,, ability
to keep important information in mind while compeeking, thinking, or doing
something ... this ability changes dramatically rovke life span and varies

considerably from person to person at a given g@xhway et al., 2007, p.3).

WM became a topic of interest, especially becadists presumed role of a

mediator while performing cognitive tasks.

According to Lovett: ,almost any cognitive taskjperes engaging of WM to
maintain and retrieve information during processir(giovett, Reder, Lebiere in
Miyake and Shah, 1999, p.135).

-We need WM in language comprehension, to retarhezgarts of a spoken
message until they can be integrated with the jsaets’; in arithmetic , to retain
partial results until the rest of the answer carchleulated; in reasoning, to retain
the premises while working with them; and in moisteo types of cognitive tasks.
Moreover, we need WM not only to hold new informatthat has been given to us,
but also to integrate it with old information,” @lowan, 2005, p.36).

Shah and Miyake criticised in their work (1999)atththe term WMis
understood in quite different senses by differammunities of researchers even
within the discipline of cognitive psychology iteeln the next ten years a certain
coincidence was found and the understanding of Vébame uniform — it relies on

“the temporary maintenance of any given informatnchyle performing some kind

1 . . . .
as en example from my point of view can serve B&ds sentence with two endings: He strode across

the court and protested vigorously that his oppbmes infringing the rules by using (an illegaltyusng
tennis racquet) (inadmissible evidence). It ispadsible to tell until the last phrase whetherdbert is a

tennis court or a court of law (Baddeley, 2004).
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of concurrent processing,” (Colom et al. 2005, p&)0

2.5. WM Models and Theories

Great progress has been made in WM research diméngast 25 years and a
large number of different models of WM were proghssach emphasising different
aspects of the construct. Miyake and Shah focusetheir work on a detailed
comparison of current WM models and theories byaioiotg information from
leading WM theorists. The two then investigated ckhWM models existed and

what were their substantial features.
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The WM models and theories are:
1. The multiple-Component Model (Baddeley, Hitch)
2. An Embedded-Processes Model of WM (Cowan)
3. WM and Controlled Attention Model (Engle, Kane, Blgki)

Some other models not mentioned by Myiake and Siatll also be discussed
because of their important role in the developmeinthe term WM and their

influence on some of the following theories.
4.  Three-Storage-Systeme (Atkinson, Shiffrin)

5.  Capacity model (Just and Carpenter)

The biggest part will be devoted to The Multiplergmnent Model of Baddeley.
This model became very famous especially for itsngexity and detailed
elaboration.

2.5.1. The multiple-Component Model

Baddeley and Hitch proposed WM model (1974) cossist three

components — phonological loop, visuo-spatial dkedcd, central executive (Fig.1)

o

! . | :
Visuospatial || Central Phonological

sketchpad | executive | loop

.

"\_\__\_ -

|
I

Fig.1  Three component diagram from Baddeley (2003)

Baddeley and Hitch (2000) later decided to refoateultheir theory. The

multi-component model of WM has been expanded &unitith the addition of a
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new component - the “episodic buffer”. The restmgxt model looks like this
(Fig.2) - there are two domain-specific short-temmemory systems: the
phonological loop, which is responsible for therate of verbal information, and
the visuospatial sketchpad, which is responsible tlee maintenance of
visuospatial information. These are governed bycietral executive, which is
likened to a mechanism of attentional control. Tieerth component, the
episodic buffer, is responsible for integrating ommhation from the
subcomponents of WM and long-term memory — i.es itapable of storing

integrated episodes.

,;’/ CE-FUI\'\
exgcuiive ./
i
Visuospatial Episodic Phonological
sketchpad buiffar oop

l |

J ! }

Visizal Episodic = Ol
semantics LT AngEaE

|:| Fluid systems |:| Crystallized systems

Fig.2  Component revision diagram from Baddeley (20B)

Baddeley interprets the structure of phonologicabpl (Fig.3) as a
»phonological store, which can hold memory tracasa few seconds before they
fade, and an articulatory rehearsal process thamasogous to subvocal speech.
Memory traces can be refreshed by being retrievedra-articulated. The span
of this immediate memory is limited because artitioh takes place in a real
time — as the number of items rehearsed incredasesches a point at which the
first item will have faded before it can be rehedr$ (Baddeley, 2003, p.830).
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VISUAL INPUT AUDITORY INPUT

L
VISUAL PHONOLOGICAL
(D) ANALYSIS & ANALYSIS[ -2
STS l
PHONOLOGICAL
ORTHOGRAPHIC STS
TO Inferior parietal lobe |
EY|l PHONOLOGICAL
RECODING l
REHEARSAL
PROCESS

PHONOLOGICAL
OUTPUT BUFFER —

Broca's Ared-premaotor COortex ()

SPOKEN OUTPUT

Fig.3 Phonological loop from Baddeley (2003

The visuospatial sketchpad was seen by Baddelaycapacity limited store,
limited to about three or four objects. Baddeleynatoded that the visual world
usually persists over time, and itself provide®atinuing memory record, allowing
for detailed visual retention.

He describes the central executive as the mostrianicbut least understood
component of WM which was in the original modekbterd as a general processing
capacity, responsible for elaboration of all thanptex issues. Later Baddeley
decided to devide control between two processesrasult of adoption of Norman
and Shallice model from 1986 of attentional contRésult was distinction between

automatic, habitual control and attentional, sugeny control.

As the fourth component was proposed the episoditeth Baddeley

assumed this to be a limited capacity store thatiditogether information to
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form integrated episodes, i.e. it's a storage sydieat is capable of integrating
information from a variety of sources (Baddeleyp@0OBaddeley, 2003).

The whole model is based on the interaction of dorapecific storage with
the domain-general central executive. WM is undedtas a non-unitary system,
which on the other hand can not function correttiyome of its components are
missing (Baddeley, Logie in Myiake, Shah, 1999).

2.5.2. An Embedded-Processes Model of WM

Cowan’s view of WM considers also diverse relevant mechanism. He
understands any processing mechanisms contribiatittge desired outcome, which
is the temporary availability of information, torpeipate in the WM system. To
this model contribute three components — activatibe focus of attention and
awareness, long-term memory. He supports the idaathe central limit in the
working system is a capacity limited focus of atitem The focus of attention is the
set of highly activated long-term representationat tare currently needed for
ongoing processing (Cowan in Myiake, Shah, 1999).

2.5.3. WM and Controlled Attention Model

In 1999, Engle, Kane and Tuholski proposed in tf@mnous work that
differences in measurement of WM capacity primarnéflect differences in

capability for controlled processing.

~We think of ,WM*“ as a system consisting of 1) a& in the form of
long-term memory traces active above treshold,r@tgsses for achieving and
maintaining that activation, and 3) controlled atiten. However, when we refer
to ,WM capacity“, we mean the capacity of just oglement of the system:
Controlled attention. We do not mean the entire \W)tem, but rather the
capabilities of the limited-capacity attention macism which Baddeley and

Hitch (1974) called the central executive. Thusagsume that ,WM capacity” is
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not really about storage or memory per set, butiitiee capacity for controlled,
sustained attention in the face of interferencedistraction...it’s adomain-
general limited attentional capacity which facgist performing controlled
processing by focusing on task-relevant informatiothe face of interfering or
distracting stimult: (Engle et al. in Miyake and Shah, 1999, p.104) WM
performance is according to them influenced noty dnf the individual ability,
but also by the the contef@onway et al., 2005).

Unsworth and Engle (2007) proposed later that sieomh memory and WM
employ the same basic subcomponent processeshéytdiffer in the extent to
which these processes operate. This framework idescprimary memory as a
place where the incoming items are represented sedndary memory as an
another place where the items continue after beisglaced by other incoming
items and from where they must be retrieved by roietl search and retrieval
processes. Iltems are first maintained in primarynory but then displaced to
secondary memory by other incoming items or disitngcinformation. So the
primary memory is employed only by short-term meyrnasks. Secondary memory
Is not only used by complex span tasks, but alsshayt-term memory tasks when

the list of items is too long and the earlier iteans displaced from primary tasks.

2.5.4. Three-Storage-Systeme

Atkinson and Shiffrin (1999) proposed Three-Storage-System for the
human memory. This model has come to be known as,ttodal model of
memory“. The framework organises memory along twmethsions — the
structural features of the memory system and therabprocesses. Structural
features include the different memory stores -sgnsegister, short-term store,
and long-term store. Control processes refer toojperations that are used to
operate and control memory, such as rehearsahgpsilection of cues for long-
term retrieval, retrieval strategies during memasarch, and decision rules
(Shiffrin, in Chizuko, 1999).

23



According to this model the incoming informationriags first in the
sensory register, where the sensory informationoitected (Baddelay, 2004),
and then continues to the short-term storage. S&ort storage has the function
of WM and receives information from sensory registed also from the long-
term store (Baeriswyl, 1989).

The retrieved information coming from the sensarpuit is combined with
other information retrieved from long-term storeon@ination of all this

information must be stored during coding (ShifinnChizuko, 1999).

2.5.5. Capacity model

Just and Carpenter‘'s proposed capacity model suggested that the most
fundamental reason for the differences in WM carekgained by the capacity of
WM. Which means, that individuals with relativelynited WM capacity would
perform worse on WM tasks than individuals with agkr capacity. They
understand capacity as the ability to retain aageramount of information with
regard to the domain in question. This limited Whpacity is shared between two
major functions — storage and processing. Basedhenobtained results they
concluded that both processing and maintenancetifunsc are important for a

prediction of the outcome (Just, Carpenter, 1992).

2.6. Processing or Storage?

"A fundamental characteristic of WM is that it hed$imited capacity, which
constrains cognitive performance, such that indiald with greater capacity
tipically perform better than individuals with lesscapacity on a range of cognitive
tasks,” (Conway et al, 2007, p.12).

The WM constructs distinguishe storage and proogssiperations. The issue

concerns how the function of maintaining content?NiM relates to the function of
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processing that content (deriving new informaticomt it, comparing information,
reaching conclusions, and so on).

Engle with his colleagues proposed in their wotkaf differences in measurement
of WM capacity primarily reflect differences in aplity for controlled processing.
They started to investigate this controlled atmmttomponent and established its
validity and reliability (Engle et al., 1999).

They also turned their attention to the questiometier people who do well on
complex span tasks do well because they maintaire nmdormation in active
memory or because they are better at constantlyngomformation from inactive
memory back into active memory,“ (Engle, 2010, p.They concluded that
although the stores are important components of VeMcial role belongs to

controlled attention (Engle, 2010).

However, most theories agree the importance of both limited attentional

capacity, supplemented by storage systems (Miyahkah, 1999).

Just and Carpenter concluded that both capacity modessing are
important components of WM and deficit in any oe tfeatures affects the

performancdJust, Carpenter, 1992).

It can be assumed that all the WM theories emphbdsize importance of
processing and store components of WM. Studiesciméind out more about the
importance of these components - which one of tia® the main role while
performing WM tasks were not convincing. It seerhattthe achievement on
complex span tasks is not moderated only by orteedtomponents, but they both

are necessatry.
Domain Specifity

Another important aspect represents the domainifggedEvidence for

domain specificity in WM capacity has come fromds#s which suggested that
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WM span tasks measure domain-specific capacitieb lmve limited value in
predicting different domain abilities - verbal sptasks have limited value in
predicting spatial ability and spatial span taskehdimited value in predicting
verbal ability (Daneman and Tardif (1987). Morralhd Park (1993) Shah and
Miyake (1996) supported these findings and addatidbmain of the storage items
(words vs. arrows), rather than the processingstemost strongly influenced the
correlations with verbal and spatial ability measurOther studies (e.g. Kane et al.,
2004; Engle, Kane, Tuholski, 1999) emphasized tlared variance among
measures of WM span and complex cognition reflpatsarily the contribution of
domain-general attention control, rather than domspecific storage or rehearsal.
In this study both verbal and spatial span taskié @ used to control

possible account of domain specific storage systems

2.7. The measurement of WM

Now the measuremeniof WM shall be discussed.

Daneman and Carpenter's (1980) work is of prime artgnce in
measuring WM. They suggested that sinrgpan does not correlate with reading
ability because it primarily measures the STM. Tkagwed, that using simple
span tasks for measuring WM is inappropriate, b&eatidoes not respect the
description of WM.

In 1980, Daneman and Carpenter suggestedindatidual differences in reading
comprehension may reflect differences in WM capasppecifically in the trade-off
between its processing and storage functions. Tdeyeloped a test in which
subjects were required tead aloud a series of sentences and then rec¢hédthal
word of each sentenc&/M span was defined as the maximum number okseet
for which this task could be performed perfectiyney found a high correlation
between WM span and reading comprehenssmthey developed a reading-span

test designed to measure WM capacity by tappinggasing and storage functions.
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The description of this test was found in an agticbom 2005. The original
version of reading span looked like this: subjeetse required to read aloud, at
their own pace, sentences presented on index oahille, remembering the last
word of each sentence for later recall. After daeseof sentences, the subject
recalled the TBR words in the order in which thedbeen presented. There
were 15 items, 3 each consisting of two, threer, fiive, and six sentences that
were 13-16 words in length, and they were presemtedscending order. A
subject’s reading span was the level at which hehercould correctly recall the

information (Conway et al., 2005).

After this test several WM span tasks which follsimilar principles (the
requirement that the “to be-remembered” items oetihe same time with some

form of distracting activity) have been developed.

In addition, all these tasks requserial recall of the items. The variation
we can find only in the nature of the distractiagkt and in the type of the TBR
items Unsworth et al. (2005) mentioned these works in cwhidifferent
distractors were used - reading sentences (reapag; Daneman, Carpenter,
1980), solving math problems (operation span; Tiurgagle, 1989), counting
circles in different colors (counting span; Caseyl&nd, Goldberg, 1982), and
judging whether or not letters are mirror imagesat®l span; Shah, Miyake,
1996) -differencesin the TBR items include digits, letters, wordsapés, and
spatial locations, all of which must be rememberadthe correct order
(Unsworth et al., 2005).

Unsworth et al (2005) concluded ,Thus, althoughréhean be large
differences in the types of materials used to &s¥é¥ span, performance on these
tasks have been shown to share a good deal of comar@nce and to be reliable
indicators of a broader WM construct,” (Unsworttakt 2005, p.498).

In 1989 Turner and Engle developed the Ospan taskhwrequires
participants to solve a series of math operationisevirying to remember a set of

unrelated wordsTheir task, the operation span task, requiresgbbjects solve
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mathematical operations while trying to rememberdsoLater Engle et al.
(1992) developed the version of the operation dpak currently used in our
laboratories. ,,The primary difference from earh@rsions is the manipulation of
presentation order, rather than presenting reaslyag and operation span items
in ascending order (items with fewer elements)finghich permitted the subjects
to anticipate the number of words that they wowddalsked to remember on any
given trial,“ (Engle et @) 1992 p.975).

In 2005, Unsworth et al. presented aumomated version of operation span
task (OSpan). It was a computer version of theimaigpaper-pen Ospan.
This new measuring instrument had a few advant&ges.of all it was mouse
driven, scored itself, and required little intertien on the part of the experimenter
- participants were allowed to complete the taslependently of the experimenter
compared with the previous vision where examinertoabe present to preses a key
to move on to the next operation. Further improveisieonsisted of chase of TBR
items. In this new version letters were used irtstdavords to suppress possible
strategy use (as will be mentioned latter somearebers concluded that individual
differences in strategy use — interactive imagergemtence generation — do
account for signifficant variance on span perforaggnin 2010 another two
automated complex-span tasks were validated — RapdusymmSpan. (Braodway,
Engle, 2010). These three computer versions wexe msthis study and will be

described in detail in the empirical part, chapeaterials.

Baddeley (2003), who proposed that WM system witlo tdomain-
specific storage structures: a phonological lo@t th specialized for maintaining
verbal informatic and a visuospatial sketchpad ihapecialized for maintaining
visual and spatial informatic, showed that therdissinction between verbal and
visuospatial storage.

By the domain-specific view, span tasks consistwfgverbal versus spatial
materials may differ for predicting complex verlarsus spatial abilities.
This presumption was also supported by many stu@ememan, Tardif, 1987;

Morrell, Park, 1993, etc.) which reported that vdas span tasks using verbal and
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numerical materials correlated significantly witarbal ability measures, a spatial
span task did not and only spatial span predichgeico assembly performance from
diagrammatic, visuospatial instructions.

From that reason not only OSpan and RSpan butsisonSpan were used in this
study.

3. WM and higher cognitive functions

3.1. Conducted studies

Many studies have investigated the various pogsikd of the relationship
between WM and higher cognitive functions.

Andrade concluded that ,the WM has an importarnt a8 a set of processes which
play an essential role in complex cognition. Untlerding how we temporarily
store and process information is fundamental teetstdnding almost all aspects of
cognition,” (Andrade, 2001, p.3).

Many studies in this area have investigated thewarpossibilitties of the
relationship between WM and higher cognitive fumes. During the past decade
much attention haseen paid to the role of WM in the establishmerintdlligence.
Some of the most influential studies investigating relationship between WM and
higher cognitive functions from the past years wilv be introduced.

As mentioned above in 1980, Daneman and Carpeniggested that
individual differences in reading comprehension meffect differences in WM
capacity, specifically in the trade-off betweengtecessing and storage functions.
Kyllonen and Christal (1990) found structural coméints of ,80 through ,88
between WM and reasoning ability.

Meta-analysis conducted by Ackerman, Beier, andld3(2005) indicated average
correlation ,36 between measures of g and WM téidigy claimed that WM
capacity shares less than 25% of its variance getieral intelligencegj. Oberauer
et al. (2005) made reanalysis of this study andvskothatg and WMC are highly

correlated. Also Colom et al. (2005) achieved saamikesults - WM system largely
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drives the relationship between WM and g, r = .8%0 another researcher
supported this finding — e.g. Conway, Kane, En@@0@) r = .59, Colom, et al.
(2005) r = .89. Evidence about significant relasioip between WM capacity and
standard measures of fluid intelligence providess #ukuda et al. (2010) r = .66
Conway et al. (2002) concluded, that between géflerd intelligence and
each of the following constructs exist significaekationships: short-term memory
capacity, WM capacity (WMC), and processing spddeky add, that based on the
results WMC is a good predictor of general fluidelhgence in young adults.
Colom and Martinéz found in 2009 that WM and preaes speed are related to
intelligence. They measured concurrently WM, preoes speed and processing
efficiency along with fluid, crystallized and sgatiintelligence. Their findings
showed that WM and processing efficiency predicidfl but not crystallized and

spatial intelligence.

3.2. Possible base for the relation

Some of the newest studies are trying to find tbesible base for this
relation.
Barrouillet et al. (2008) probed, if the influenoé@ WM capacity on high-level
cognition is mediated by complexity or resourceafegfent elementary processes.
Their results suggeshat the influence of WM capacity on high-level ndgpn is
mediated by the impact of a basic general-purpeseurce that affects each step of
cognition. Halford et al. (2007) came out with awvnbypothesis, that WM and
reasoning share the related capacity limits. Theylagned that the relationship
between these two constructs is a result of thenmtenag the common bindings
between elements.
Baddeley and Logie (1999) suggested that WM playsuaial role for complex
cognitive activities such as language comprehensmental arithmetic, and
reasoning, because all these cognitive activitieguire processing of the

information, their retention in the storage systeand controlled attention enabled
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by central executive which includes the coordimaid the subsidiary systems, the
control of encoding and retrieval strategies, dn tsupports the problem solving.

Bailey et al. (2008) suggested, that individualed#nces which can be found
in the performances of a WM and on other cognitagks are a result of strategy
use. They concluded that relationship between th@eeconstructs can be found,
only if the same strategy (like imagery and sergageneration) is afforded by both
tasks. Unsworth et al. (2009) examined the relatitmetween WM capacity,
attention control (components of WM), and genetaldf intelligence. And he
suggested that attention control is an importammanent of the WM and general
fluid intelligence relation. Fukuda et al. (201Q)ggested that the relationship
between WM capacity and standard measures of ftiedligence is mediated by
the number of representations that can be simutastg maintained in WM.

Theory | agree the most with is Lohman’s theorys Buthor summed up in
2001 that the reason for more often appearing esudihich find correlations
between WM and reasoning is the interpretation 8.\We concluded, that if WM
is interpreted as system of a storage componentaamsgparate executive (or
supervisory attentional system) that attends dekdgt to one stimulus while
inhibiting another, coordinates performance in $asknd switches strategies
(Baddeleys theory) it is more likely to find a ned@ship between this construct and
reasoning. Because reasoning requires that oneltamaously remember and
transform information.

Lohman’s theory seems to be supported by the braigine studies.

These studies using brain imaging methods PET sl have suggested a critical
role for prefrontal cortex in WM (Salmon et al.,.98 Rypma et al., 1999; Clayton
E. Curtis and Mark D’Esposito 2003, Klingberg et2002).

31



Frontal lobe Parietal lobe

Fig.4  Colored regions of the brain that are activeed by a working memory (Klingberg 2002)

Grey et al. (2003) in their study tested whetheregal fluid intelligence (Gf)
is mediated by brain regions that support atteatigexecutive) control, including
subregions of prefrontal cortex. Their results shawat standard measure of Gf
engage these areas of prefrontal cortex. Which smélaat same brain areas are

engaged while performing both WM and intelligenasks.

4. WM-Tasks and strategy use

Some of the recent studies investigated the syyaffgrdance hypothesis -
the influnce of variation in strategy use on indival differences in span
performance as well as on span—cognition relatipss(Bailey, Dunlosky, Kane,
2008; Dunlosky, Kane, 2007).

Bailey, Dunlosky, and Kane (2008) used OSpan tas&ra/the participants
saw a mathematical operation and a TBR word (exampl capt. WM
measurement) and RSpan where the participants sther ea logical or a
nonsensical sentence and an unrelated word. Thiad ribat because the to-be-
remembered stimuli for these span tasks were iddali words, participants
afforded several associative strategies, such lasarsal, imagery, and sentence

generation. After performed span tasks participamigcated which strategy they
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had used to remember the words.

This strategy mediation hypotheses was based onefipectation, that
.performance is higher when individuals report gsimormatively effective
strategies (e.g., interactive imagery or senterae@tion) than when they report
using less effective ones (e.g., reading),” (Bail2ynlosky, Kane, 2008, p. 1383).

These studies concluded that individual differenaesstrategy use do
account for significant variance on span perforneanikhat is, span performance
was higher when individuals reported using intevactimagery or sentence
generation. On the other hand they also conludet, dlthough strategy use can
influence span performance, effective strategy dmes not appear to account for
span — cognition relationships (Dunlosky, Kane, 20Bailey, Dunlosky, Kane,
2008).

In their work, Unsworth and Engle (2005) as mergobabove used letters in
their OSpan and RSpan because previous researcsupgssted that some of the
shared variance between span tasks that use wodda aneasure of higher order
cognition, such as reading comprehension, is duetd knowledge.

But it seems that the results when letters are gamdalso be affected by
another well known technique. On the internet,rap example could be found:
~When you took music classes in school do you rebenthe lines on the music
staff, the treble clef, E, G, B, D, and F? If yaeacher ever told you to think of the
sentence “Every Good Boy Does Fine”, then you migithember them. Your
teacher was following that basic memory rule, pbdpavithout realising it. He or
she was helping you to remember new (and abstreomation, the letters E, G,
B, D, and F, by associating them to something ytaady knew, or at least
understood the simple sentence “Every Good Boy Deiee”. The presented
memory rule is: "You can remember any new piecmfafrmation if it is associated
to something you already know or remembelJsiag Association Techniques for
Better Memory2006).
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5. Intelligence

Although this thesis does not aim to describe inmaitlehe origin of
intelligence, it acts as an introduction for better understagdor what reason the
intelligence test LPS-neu was chosen for this st\Mdy can say that this test is a
reflection of the recent consensus among differeeivs of intelligence. Many
researchers found this consensus reasonable aadi&x®loped on this basis have

many advantages because it considers more aspects.

The definitions of intelligence and their relatitmthe development of the
current view of it shall now be presented, afterchtshall follow an introduction to
the development of intelligence theory. The procedwf development of
Kreuzpointners’LPS-neu and the introduction of tRS itself is summed up in the

conclusion.

It is possible to find many different definition$ iatelligence. Vetta project
(2010) collected some of the definitions of inggince given in encyclopedias that
have been either contributed by an individual psimyist or quote an earlier
definition given by a psychologist. Some are moweuked in conceiving
intelligence as a general ability - for exampletélhigence is a general factor that
runs through all types of performance.” A. Jensé&my system ...that generates
adaptive behaviour to meet goals in a range ofrenments can be said to be
intelligent.” (D. Fogel, 1995) “Intelligence is thability to use optimally limited
resources — including time — to achieve goals.”K&zweil, 2000), or “Intelligence
Is the ability to process information properly incamplex environment” (H.
Nakashima, 1999), “...the essential, domain-independkills necessary for
acquiring a wide range of domain-specific knowledgethe ability to learn
anything. Achieving this with “artificial generahtelligence’ (AGI) requires a
highly adaptive, general-purpose system that catonamously acquire an

extremely wide range of specific knowledge andIslkind can improve its own
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cognitive ability through self-directed leasingf?. {/oss, 2005).

Another definitions emphasises the non-uniformityntelligence — “Intelligence is
not a single, unitary ability, but rather a comp®®f several functions. The term
denotes that combination of abilities requireddorvival and advancement within a
particular culture.” A. Anastasi, 1992), “...the termtelligence designates a
complexly interrelated assemblage of functionspone of which is completely or

accurately known in man ...” (Yerkes, Yerkes, 1929).

Said definitions are an expression of a long histbrdevelopment which
is marked by a dispute between one set of propsenemhio believe that all
intelligence comes from one general factor, knownga and another set who

believe there are other types of intelligences.

5.1. Throughout the history of intelligence and its itegpt

One of the first persons, who understood intell@eas a general ability,
largely inherited, and explainable by the speedmeintal processes, was Sir
Francis Galton (1869). More influential work wasdédoy Binet. He developed a
test which became one of the first scales for teasurement of intelligence in
1905 and was revised in 1908 and 1911 (Eysenclg)199

After this, many theories and models of intelligeneere developed.
The most influential are:
¢ Spearman’s model for general intelligence factbedag”
e Thurstons Primary abilities
* Horn-Cattel’s Gf-Gc theory

» Carrol’s Three stratum theory
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5.2. Spearman’s model for ,g"

Spearman understandg®,as a unit represented by a set of separate
components in a form oparticular abilities. He used a factor analysis and
investigated the intercorrelations of various measwof individual differences
(Wolman, 1985).

5.3. Thurston’s Primary abilities

One of the first persons to test Spearman’s theasy Thurston. He used
56 tests of various intellectual abilities and doded that Spearman’s
conclusion was wrong. He claimed, that correlatitmsd by Spearman, which
he (Spearman) understood as a demonstration ofptesence of general
cognitive ability, were in fact measurement of eiffint so-called ,primary
abilitities®). Thurston through factor analysis idiéied primary abilities of
verbal comprehension (V), word fluency (W), numiacility (N), spatial
thinking (S), associative memory (M), perceptuatesp (P), general reasoning

(R), indusctive reasoning (I), and deductive reasp(D) (Indiana.edu., 2007)

5.4. Horn-Cattel’s Gf-Gc theory

It is also possible to find a strong disagreemeiht 8pearman’sg in all of
Horn’s contributions (in Wolman, Handbook of intgdnce, 1985, in Kyllonen,
Roberts, Stankov, Extending intelligence, 2008).atgues that there is more than

one general type of intelligence.

Horn represents his knowledge about the abilitielumman intelligence in
Gf-Gc theory. He found more general organisatiepreésented by nine major kinds
of cognitive capacities: Acculturation knowledgecjGFluency of retrieval from
long-term storage (GIm), Fluid reasoning (Gf), Sterm apprehension and
retrieval (SAR), Processing speed (Gs), Visual @ssig (Gv), Auditory
processing (Ga), Correct decision speed (CDS), (@aave knowledge (Cq).
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He talks about 60-70 distinct common factors, fobgigrevious researches,
operating at primary level and other nine commartdis operating at a second-
order level. One set of primary level indicatore &belled fluid reasoning and is
symbolised Gf. Another set of primary-level indmat is labelled crystallised

knowledge and is symbolised Gc.

Horn was inspired in his work by Cattel’s theoryfloiid and crystallised
intelligence from 1941. Cattel summerised in higdgt that the cognitive abilities

do not represent one unit construct but ratherragpantelligences.

Abilities of reasoning that are required to attainderstanding of novel
relationships and acquire concepts indicate onen fof intelligence, which he
calledfluid (gf).

Abilities of maintaining and accessing concepts] amasoning with these
concepts , indicate a second form of intelligenabeled by Cattel asrystallised
(go) (Horn in Woodcock, 1998).

5.5. Carroll’s Three stratum theory

Carroll accepted Spearman’s general factor in loikwnd he emphasised,
that Spearman was not interested onlygifbut also in specific factors (these
specific factors were called group factors). Basadreanalysis of comprehensive

data, he came to his own theory.

Carroll’s model of intelligence is called Threeasim theory. This theory
became very popular and influenced many followiegearches as according to
McGrew ,The major strength of Carroll's meta-factmalysis is that, for the first
time ever, an empirically-based taxonomy of humagndive ability elements was
presented in a single organised framework. The raaterials reviewed and
analysed by Carroll drew on decades of research Hwerse array of dedicated
researchers,” (McGrew, 2009, p. 2).

Carroll’s model is hierarchical and displays cagaitabilities according to
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level of generality.

Stratum | includes 69 narrow abilities that are subsumedhiyStratum |
(broad abilities) which includes the abilities ofuid intelligence, Crystallised
Intelligence, General Memory and Learning, Broadudi Perception, Broad
Auditory Perception, Broad Retrieval Ability, Broa@ognitive Speediness, and
Reaction Time/Decision Speed. And tBieatum Il — the broadest level is general

intelligence factog.

In his work, Carroll shows the similarities andfeiences between his model
and other intelligence models. Some of these dasmns will be mentioned in this
thesis, because they clearly show the main ideadl of the previously mentioned

theories and even approach the particular strafu@aooll’s theory.

As mentioned above, Carroll agree with Spearmamutaibe existence of one
general factor and the stratum Il is essentidily same as Spearman’s faaor
Similarly stratum | is essentially equal to Speanns group factors. Spearman was
one of the inspirations for Carroll‘'s famous workrh 1993. As other sources usher
the Thurston’s Primary abilities model. AccordimgQarroll, this model was the
basis for his Three-stratum theomhurston‘s model was one-stratum model and
Carroll assumed this stratum as similar to thetwtnal in his model — represented

by broad abilities.

Another inspiration for Carroll’'s work was also th#orn-Cattel Gf-Gc
model. Horn, as mentioned above, has extended dhle v Cattel by identifying 9
to 10 broad Gf-Gc abilities.

Carroll concludes this Gf-Gc model as the closppt@ximation to his three-
stratum model of human cognitive abilities thatfetfi$ abilities as a function of
breath (Carroll, 1993).

The most obvious difference between the two moddlse presence of higher order

factorgin Carrol’s model and it is absence in Horn’s m@slieiGrew, 2009).
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As described earlier, Horn was a sworn enemy afid Carrol reacted on his
arguments saying: ,, It is true, as Horn (1988) oout, that the third stratum factor
computed (by the Schmid-Leihman technique) in a&mgistudy can be somewhat
different from one computed in another study, ternature depends in part on the
types of variables and factors present or emphésisghe battery as a whole.
Nevertheless, if a battery contains an adequaterslty of variables the third-
stratum factor that is computed can be ragardexhasstimator of a true latent-trait
g; the accuracy of estimation depends in part onthdrethe battery contains
variables selected to represent second-straturarfakhown to have high loadings
ong. In principle, it should be possible to drive sopon a third-stratum factor that
weigh the scores on the original variables to mtevoptimal estimation of,*
(Carroll, 1993, p.639).

The existence of a single higher order generabfaghas been the focus of
much debate. To conclude, Carroll is one of thoke agree that the shared factors
among the broad abilities are represented well Hgy general factor. Horn and
others focused on broad abilities and consideyesis a conglomerate of more

specific cognitive abilities.

5.6. C-H-C theory

The recent results from understanding of intellggestructure were summed
up in C-H-C theory. Thigheory integrates the Cattel-Horn Gf-Gc theory rfiHo
Noll 1977) and Carroll’s three stratum theory (6gRri993). ,During the past
decade the Cattell-Horn Gf—Gc and Carroll ThreetS8tn models have emerged as
the consensus psychometric-based models for uadeéisg the structure of human
intelligence. Although the two models differ in amber of ways, the strong
correspondence between the two models has resulted increased use of a broad
umbrella term for a synthesis of the two modelstiglaHorn—Carroll theory of
cognitive abilities—CHC theory),” (Mcgrew, 2009).
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Stratum Il o
(general)

A. Carroll Three-Stratum Model

Carroll and Cattell-Horn Broad Ability Correspondence
(vertically-aligned ovals represent similar broad domains)

Stratum Ii (broad)

B. Cattell-Horn Extended Gf-Gc Model

DE®EO®®®®E@®

é @m 80+ Stratum | (narrow) abilities have been
identified under the Stratum Il broad abilities. They

are not listed here due to space limitations
(see Table 1)

!

C. Cattell-Horn-Carroll (CHC) Integrated Model

O

D. Tentatively identified Stratum Il (broad)
domains

OEO@EOE@OEEO@@OHOOO®®

(Missing g-to-broad ability arrows acknowledges that Carroll and Cattell-Horn disagreed on the validity of the general factor)

Gf
Ge
Gsm
Gv
Ga
Gir
Gs
Gt
Grw
Gg

CHC Broad (Stratum i} ility Domaing
Fluid reasoning Gkn General (domain-specific) knowledge
Comprehension-knowledge Gh Tactile abilities

Short-term memory Gk Kinesthetic abilities
Visual processing Go Olfactory abilities
Auditory processing Gp Psychomotor abilities
Long-term storage and retrieval Gps Psychomotor speed
Cognitive processing speed

Decision and reaction speed (see Table 1 for definitions)

Reading and writing
Quantitative knowledge

Fig.5  Diagram of synthesis of the two models fromicGrew ( 2009)

CHC theory describes a hierarchical model of caogmitbilities that vary

according to level of generality: narrow abiliti€Stratum ), broad abilities

(Stratum 11), and according to a few, general iigehce §; Stratum IIl) as well.

Narrow abilities include approximately 70 highly espalised abilities. Broad

abilities include Fluid Reasoning, Crystallisedeltigence, Short-Term Memory,

Visual Processing, Auditory Processing, Long-Teretrigval, Processing Speed,

Reading and Writing Ability, Quantitative Knowledgend Reaction Time/Decision

Speed.

Summary
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Development of intelligence theory has a quite Ibmgjory evolving in
my opinion in accordance with well-known triad -hékis — antithesis—

synthesis".

Thesis is represented in this case by a single aomfactor explaining the
positive correlations among different intelligentests — general intelligence
factor g. Antithesis is seen as the negation of the extsteof this general
intelligence factor and proposal of a several dcgtfactors. | see the synthesis in
the unification of both theories in one theory esamnting broad cognitive
abilities and general factor as a unit. There canfdund a huge amount of
intelligence tests aimed at identifying either dpeneral intelligence factor or
broad abilities. To follow principles of the syn#ig test designed to measure not

only the general intelligence factobgt also broad abilities was used.

The newest intelligence structure research findiegaverged on the
widely accepted view that intellectual abilitiesnclae structured hierarchically.
Generall factor g is postulated on the highest ll@feaggregation, which is
differentiated into more specifc mental abilities at least one level below.
Oberauer et al. (2000) suggested that also cormdeiM can be understood as
one general cognitive ressource with differentiedosid level. General factor g
and WM base on these conclusions were understodlianstudy as a higher
order latent variables. Broad cognitive abilitiesl VM tasks as the second level

more specific variables.

5.7. LPS-neu

Kreuzpointner (2010) based his research on publditaitdealing with the
revision of the Leistungspriufsystem (LPS, develojpgdHorn in 1962; 1983).
These results together with results of other sgjdmhich published complete data
on LPS, were introduced by him in his work whereexglained that the results

suggest the possibility of the reduction of the bamof subtests of LPS in order to

41



gain more efficient diagnostic-instrument mayberevath a higher informative
value. Kreuzpointner suggested and subsequentbblesied a new efficiency
testing system through conducting a new factoryasmlof eight studies (from 17
random samples) containing the intercorrelationrimatf the subtestby using the

same methods and criteria.

This new compilation follows three principles: prastion of the basic ideas of the
LPS, increasing economy and practicalinew orientation of the basis of the
structure-theory.

The original LPS contains 15 subtests, whereasi¢he version has only 11
as a result of analysis of the studies focusedamtof analysis of LPS. As an
adequate base of the LPS, Kreuzpointner considéredCarroll’s three stratum
model (Kreuzpointner, 2010).

In his work, Kreuzpointner used the Carroll’s thstmtum model as a base
for possible comparison of abilities measured kg shbtests of LPS and similar

looking abilities in Carrol’s ordering.

Subtest 1: Allgemeinwissen
Kristaline Intelligenz <
Subtest 2: Anagramme

Subtest 3: Figurenfolgen
Fluide Intelligenz Subtest 4: Zahlenfolgen
Subtest 5: Buchstabenfolgen
. . [ Subtest 6: Mentale Rotation
Allgemeine Intelligenz
g-Faktor \ Visuelle Wahrnehmung Subtest 7: Flachenzahl
Subtest 8: Linienmuster

Subtest 9: 8. Zeichen
Verarbeitungsgeschwindigkeit <
Subtest 10: Zeilenvergleich

Kognitive Schnelligkeit o Subtest 11: Addieren

Fig.6  Intelligence structure diagram from Kreuzpontner, 2010
Kreuzpointner emphasised that by the developmetiteopaper-pen version,
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the principles of Horn’s LPS has been given thenkesl importance. Especially an
elaboration of the items directly in the test ahd uadrilateral conception of the
testarch have been maintained which enable pridm@IN A3 (this fact is quite

important, because the original version was smalted was criticised rather for
testing visual-skills than cognitive achievemerithe items were digitalised and
printed on a white paper so that they could beebetcognised. The instructions
and the item-examples were added on the first&idiee test-arch other than on the
beginning of the item-column (Kreuzpointner, 201Qomparing with the new

version, both of these facts (enlargement of taimstas well as highlighted printing

and the order on the sheet) increase the objgctithe new LPS.

6. Empirical Part

6.1. The research problem

The main aim of this Thesis is to investigate #latronship between general
intelligence factog and WM, as well as relationship between some efathilities
from the area of Broad abilities and their relationVM-Span tasks. Attention was
also focused on the methods used to measure WNn(@ated version of a WM
capacity tasks developed by Unsworth et al. 20@8)the various ways it has been
elaborated by respondents depending on the usajfevent strategies. According
to some of the previous studies, the usage ofrdiftestrategies when answering
WM tasks was found to be an important factor cootrng to varied results on WM
tasks. Usage of these strategies was found to tpedgi influence the results
obtained by respondents who used them. The temategly“ implies a procedure
which helps to better remember the “to-be-rementieriems. The question is
whether the strategy use might also influence tegidined in the new version of

WM measurement, which will be used in this study.
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6.2. The research questions

Hypothesis
Hay — there is a relationship between WM and genatalligence factog.

Ho: — there is no relationship between WM and gengtalligence factog.

Ha> — there may be relationship between Broad alslgied WM span tasks

Ho,— there is no relationship between Broad abiliéied WM span tasks

Research question

Is there a difference in participants” scores doraated WM tasks if they use some

kind of helping strategy?

Controlled variables:
* Influence of domain specifity on the relationshigtveeen WM span tasks

and Broad abilities.

* Influence of current well-being on obtained resuit§YM and LPS Tests

* Influence of attitude towards LPS Test on LPS Testlts

6.3. Operationalisation

In this study these constructs will be measuredieg# intelligence factor

g, so-called Broad abilities, general WM, WM spaskig the current well-being

the questionnaire acceptance.

Another investigated construct is the strategy tbamh be helpful in

information storage.
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G-factor is comprehended as a general cognitivétyabil
» The value ofg-factor is understood as a total score measured by the new
version of LPS-Test. (see chapkéaterials)
* Broad abilities are presented by the score on the some of sonwfispe
single subtests of the new version of LPS-Tese ¢dapteMaterials)
Crystallized Intelligence, Fluid intelligence, Vaisation, Broad Cognitive
Speediness.
» Crystallized Intelligence is represented by the score on LPS subtests 1
(Lexical knowledge) and 2 (Anagrams)
* Fluid Intelligence is represented by the score on LPS subtests 3n(For
series), 4 (Number series) and 5 (Letter series)
» Visualisation is represented by the score on LPS subtests 6 té@llen
rotation), 7 (Number of flats) and 8 (Lines pat)ern
« Broad Cognitive Speedness represented by the scores on LPS subtests 9
(Signing), 10 ( Lines comparison), 11 (Adding)
WM capacity is represented by the total score on ¥fidn tasks - Ospan, Rspan,
SymmSpan (Engle, 2005)
» Ospan (operation span task) score in a task requiring the participants to
solve a series of math operations while tryingeimember a set of unrelated

letters.

* Rspan(reading span tasks) — score in a task requinagparticipants to read
a sentence and determine whether it made sensetavhile at the same

time trying to remember a set of unrelated letters.

¢ SymmSpan (symmetry span tasks) — score in a tasks requitimg
participants to keep track of the positions of efill cells displayed
sequentially in a grid and as the next step, trymgudge whether or not
displays composed of filled cells in a grid possdssymmetry about the

vertical axis

* “To-be-remembered” (TBR) items are items used in WM-Tasks. They can
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be either letters or various positions of filledi€elisplayed sequentially in a

grid which the respondents are required to remember

Helping strategy - this term implies the usage rof mental process which enables
the participants to better retain the TBR itemslaviperforming WM-tasks which
are different from simple ‘repetition of lettersi the mind. The participants were
asked to describe the strategy which helped therartember letters or keep track
of the positions of filled cells. As a strategy @gpan and RSpan, these letters were
used in words and then sentences were made wagh therds in order to remember
the presented letters.

Another stratergy by SymmSpan is one where cediscaunted from the sites, and
then remembering the directions in which the filleells were presented — any

process which made storage easier than pure rafgesh

Current well-being is understood as a total scor¢éhe "Fragebogen zum aktuellen

Wohlbefinden” (Well-being questionnaire). (see deapMaterials)

Attitute towards LPS Test represent the score arefitanzfragebogen (Acceptance

guestionnaire). (see chapidaterials)

Moderator variables

As a possible moderator variable which needed docbntroled, the things
considered were current well-being state beforéopgng WM and LPS Tests and
attitude towards LPS Test.

6.4. Participants

A total of 54 participants, 19 men and 35 womenewvgerman students
between 20 and 51 (median 23) years who were meaiiadle either through

university advertisements or randomly through raetgiéor participation.
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Participants gathered through university advertestimwere psychology
students at the University of Regensburg who hael dpportunity to gain
experience with a broad range of psychologicalateand furnishes faculty and
graduate students in the psychology department pétticipants for their research
projects. These participants received either coarsdits or another compensation
for their participation. Participation was entireigluntary.

Participants gathered through random participatemuests were students of
different subjects at University of Regensburg &athhochschule. Participation
was also voluntary and recompensed.

Because both WM-Tasks and LPS-new were quite tiemashding,
participants had to come twice. This fact was thase of the sample reduction
from the original 54 to 51 participants (16 men,v88men). 51 participants took

part in both tests.

6.5. Procedure and Materials

The WM tasks (OSpan, Rspan, SymmSpan) were aderedcto 54 adult
students, the LPS-Test was administered to 51 stsideémong them, 3 participants
refused to continue after performing WM-tasks. Ehesethods were chosen as
valid and reliable instruments for the measurenoérgstablished constructs. Both
the methods were quite time-demanding, WM-tasksiireq approximately 70
minutes and the LPS-Test 60 minutes, together th&llparticipants performed first
on the WM-tasks and after an interval of a few days the LPS-Test. One
participant did both of the tests in a one dayfgraring first on WM-tasks and then
on the LPS-Test, without any considerable internvabth of the tests were
administred and interpreted by me.

WM-tasks were presented as a computer versiorpaheipants were asked
either to come to the university laboratory or totke tests at their homes under the
control of an examiner (me). Two of the 54 parteifs did the WM-tasks at their

homes in a quiet room without any disturbance. Réshe participants performed
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these tasks in a university laboratory where tlearaputers were provided so that a
maximum of three participants could work on th&s$asimultaneously. Participants
were asked to follow the instructions presentedtlta computer screen and to
inform the examiner as soon as they finish onehefpresented sections (OSpan,
RSpan) in order to continue with the following oAdter finishing the last section
(SymmSpan) the total score has been calculatedve®et single sections of the
WM-tasks, no interval has been taken. The respdadevere immediately
familiarised with the following section and askedcbntinue. After finishing all the
sections the participants were also asked tdi@IReelings questionnaire.

LPS-Test was presented as pen and paper versiothandstructions were
read out by an examiner (me). The respondents waise asked to come to the
laboratory or do the tests under my control atrthemes. Total of 48 participants
did the test in the laboratory and 3 at their homdganquillity.

LPS-Test was originally a German version, thustranslation was required.
This test contains 11 subtests and on each tésteslimited. First, the participants
were familiarised with the general requests of tesd, the examples of each subtest
on the first page has also been introduced. THam,iristructions together with
examples of each subtest were presented. Aftexdating each of the instructions,
participants were asked whether they understoodhatr and started with the
presented subtest. Performance on each subtestmeatmited. Participants were
asked to stop after the given time and to go bacté¢ instructions page. Again,
instructions for the following subtest were preseintand there was no pause
between the subtests. In case participants madstake they could correct it.

They worked from top to bottom without skipping aofythe task. If they
didn’t know the right answer, they guessed. Tagaime slowly more and more
difficult. Each subtest was time-limited and thenier of tasks was established so
that it was very difficult to get to the end of thabtest. In case participant managed
to get to the end, he/she started to control ledhswers from the beginning. After

finishing the last subtest respondents were askedttdown their pens.
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6.5.1. Questionnairs

1) Before performing the WM-tasks, participants weskeal to fill up an
anonymous personal questionnaire which contained their VP&Cod
(identification code), gender, age, field of edumat year-class, graduation
marks. After finishing all the WM-tasks, particigarnwere asked whether
they used any kind of helping strategy for beteamembrance of the given
to-be-remembered items in each section. In casedidathey wrote it down

in the questionnaire.

2) Another questionnaire presented was Well-being topresaire/ 1Fragebogen
zum aktuellen Wohlbefinden (Stadler, 2010). Pa#ois were asked to
assess their current Well-being before performioghbon WM and LPS
tasks. They marked on bipolar analog scales (withalues) how they felt.
Eight bipolar scales were presented, each includivg polar well-being
statements. Participants made a sign on a scadercto one of the poles
depending on how they felt. These scales wddmbekiimmertheit
(carelessness), Frische (freshness), Gelassenbaitnness), Vertrauen
(Trust), Behaglichkeit (komfort), Aufmerksamkeittténtion), Entspannung
(repase), Interesse (interest). For example whey thlt very tired they
made the sign closer to the TIRED pole, on the rokizand when they felt
fresh they made the sign close to FRESH pole ety aere given this

questionnaire before performing the WM-tasks.

3) After finishing the LPS-Test, participants were ajiv Acceptance
questionnaire/Akzeptanzfragebogen (Kersting, 2008)is questionnaire
contained 18 questions focused on evaluating jast Well the participant
had understood the instructions for LPS, and haAhbr attitude to the LPS-
Test was.

This version of LPS was new, so this questionnais used to make sure
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that participants understand correctly each suldest that their attitude
towards this new version was good, so the resoltéda’t be influenced by
this fact.

Also three kinds of questionnaires mentioned abweee used — Personal
questionnaire, Well-being questionnaire, Acceptangeestionnaire. All

qguestionnaires were in German, so no need forlatoms was required.

6.6. WM-Tasks

All the participants completed three automated demippan measures:
operation span (OSpan), reading span (RSpan),yanohstry span (SymmSpan)
presented by Unsworth et al. (2005).

Three distinct WM measurements were used, to redifierent contant
domain — Ospan, RSpan (letter contant domain) amdn&pan (visuospatial
contant domain). OSpan and RSpan differ in the ggsiag part — in OSpan

focused on counting in RSpan on reading comprebensi

OSpan

Now the automated version of Ospan will be intragli;m more details.
The new automated (computerized) version of Osmarmdcbe run independently
without intervention of the investigator. Partianpp& read the instructions on the
computer screen and needed only to click the mbugen, to run the test and to

mark the right solutions.

In the new version made by Unsworth et al. (200% tasks were
designed to force WM storage in the face of prdogssn order to engage
executive attention processes. Each processingilssnwas presented until the

participant responded or the deadline was reaamedyory item (presented for
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250 ms in OSPAN and RSPAN and for 650 ms in SSPNYwed; after each

memory item came new processing stimulus or a mgtest.

The practise section of this task was broken dawm three sections and
Unsworth et al. describe it as: ,The first practseetion was simple letter span. A
letter appeared on the screen, and the participsetse required to recall the
letters in the same order in which they were prieskrit recall, the participants
was a 4 x 3 matrix of letters (F,H,J,K,L,N,P,Q,R,Snd Y). Letters were used
because previous research has suggested that sbritee shared variance
between span tasks that use words and a meashighef order cognition, such
as reading comprehension, is due to word knowldeégg, Engle, Nations, &
Cantor, 1990). Recall consisted of clicking the Inext to the appropriate letters
(no verbal response was required) in the correderorThe recall phase was
untimed. After recall, the computer provided feezkbabout the number of letters
correctly recalled in the current set. Next, thetipgants practiced the math
section of the task. They first saw a math opemnafie.g., (1*2) 1 ?). The
participants were instructed to solve the operati®guickly as possible and then
click the mouse to advance to the next screenh@méxt screen a digit (e.qg., 3)
has been shown and the participants were requaedidk either a “true” or
“false” box, depending on their answer. After eangeration, the participants
were given accuracy feedback. The math practiogeeddo familiarise them with
the math portion of the task as well as to caleukadw long it would take each
person to solve the math operations. Thus, the praittice attempted to account
for individual differences in the time requireddolve math operations. After the
math practice, the program calculated each indalidunean time required to
solve the equations. The time required (plusSDpwas then used as a time limit
for the math portion of the experimental session tieat individual. The
participants completed 15 math operations in th&cqice session. In the final
practice session, the participants performed bbth letter recall and math
portions together, just as they would do in the bback of trials (see Figure 1).

As in the Turner and Engle Ospan, the participéiras saw the math operation,
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and after they clicked the mouse button indicatimgt they had solved it, they
saw the letter to be recalled. If the participantsk more time to solve the math
operations than their average time plus&% the program automatically moved
on and counted that trial as an error. This setggatevent the participants from
rehearsing the letters when they should be soltlegoperations. The 25D
limit was based on extensive piloting.

Participants completed three practice trials eattset size 2. After the
participants completed all the practice sessidms,program progressed to the real
trials, which consisted of three sets of eachiget svith set sizes ranging from 3 to
7, which took it to a total of 75 letters and mptbblems each. Note that the order
of set sizes was random for each participant. i8es sanging from 3 to 7 were used
because pilot studies showed that these set sipelsiged the best distribution of
scores (i.e., neither on ceiling nor on floor). & wanted to only use those
participants who were attempting to solve bothriah operations and remember
the letters, we imposed an 85% accuracy criter@mnafl participants. Therefore,

they were encouraged to keep their math accuraoyatiove 85% at all times.

During recall, a percentage in red was presenteti@nupper right-hand
corner of the screen, indicating the percentagecafrectly solved math
operations. At the conclusion of the task, the pogreported five scores to the
experimenterOspan score, total number correct, math errors,esperrors &
accuracy errors The first, Ospan score, used our traditional kRbsoscoring
method. This was the sum of all perfectly recalbets. So, for example, if an
individual correctly recalled 3 letters in a setesof 3, 4 letters in a set size of 4,
and 3 letters in a set size of 5, his or her Osgmame would be 7 (3 4 0). The
second score, “total number correct,” was the totahber of letters recalled in
the correct position. Three types of errors wepored: “Math errors” were the
total number of task errors, which was then broetewn into “speed errors,” in
which the participant ran out of time in attemptitg solve a given math

operation, and “accuracy errors,” in which the iggyant solved the math
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operation incorrectly. The task took approximat@y-25 min to complete,”
(Unsworth, 2005, p.500-501).

Rspan

In Rspan, the participants were required to readesees while trying to
remember a set of unrelated letters. The wholega®uvas similar to automated
OSpan. In this experiment participants tried to roene letters they saw on the

screen while they also read sentences.

First they had practice to get them familiar witbwhthe experiment
works. They began by practicing the letter parttloé experiment. For this
practice set, letters appeared on the screen cadirae. Participants were asked
to try to remember each letter in the order presknifter 2-3 letters have been
shown, they saw a screen listing 12 possible ketfEney were required to select
each letter in the order presented. Next, theytjgedt doing the sentence reading
part of the experiment. A sentence appeared osdieen, like this: "I like to run
in the park." As soon as they saw the sentencg,stheuld read it and determine,
if it made sense or not. An example of a senteln@edoes not make sense would
be: "I like to run in the sky." On the next screbry saw "This sentence makes
sense". If the sentence on the previous screen saake, they clicked on the
TRUE box with the mouse. If the sentence did nokensense, they clicked on
the FALSE box. After they clicked on one of the bsxthe computer will tell
them if they made the right choice.

Next, they practiced doing both parts of the expent at the same time.
15 sentence problems were presented. Participagits given one sentence to
read and once they made their decision about thiersee, a letter appeared on
the screen. They were asked to remember the Igttére previous section where
they only read the sentences, the computer comgh&daverage time to read
the sentences. If they took longer than their ayerdme, the computer

automatically moved them onto the next letter potis skipping the True or
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False part and counted that problem as a sentenoe After the letter went
away, another sentence appeared, and then anetieer At the end of each set of
letters and sentences, a recall screen appeargitigzats were not told if their
answer regarding the sentence was correct. Afterréisall screen, they were
given feedback about their performance regardintp bloe number of letters

recalled and the percent correct on the senteroi®#gms.

During the feedback, they saw a number in red @ ttp right of the
screen. This indicates their percent correct f@ sentence problems for the
entire experiment. Only data where the participgas at least 85% accurate on
the sentences were used in for other purposes.r@dletrials looked like the
practice trials completed before. First they ggkeatence to read, then a letter to
remember. When they saw the recall screen, thegteel the letters in the order
presented. Total of 81 sentences problems weremiexs$ in this section (Engle,
2005)

SymmSpan

Last section was SymmSpan. Automated Symmetry &sn Participants
were required to keep track of the positions dédilcells displayed sequentially
in a grid with and next judging whether or not désgs composed of filled cells
in a grid possessed symmetry about the vertical &xithe final practice session,
the participants performed both the positions Ikédicells and judging whether
the figure is symmetry or not together. They belgapracticing the "square" part
of the experiment. In this practice set, squargeaped on the screen one at a
time. Participants were required to remember wkah square was, in the order
it was presented in. After 2-5 squares had beewrshiiney saw a grid of the 16
possible places the squares could had been. Paritsiwere asked to select each
square in the order presented. They used the mouselect the appropriate
boxes. The squares they select turned red. When hlihge selected all the

squares in the correct order, they hit the EXIT ladxhe bottom right of the
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screen. In case they made a mistake, they coulthesELEAR box to start over.
They could also click the BLANK box to mark the $par the missing square, if

they forgot one of the squares.

Next, they practiced doing the symmetry part ofékperiment. A picture
appeared on the screen, and they had to decideyas symmetrical. A picture
wass symmetrical if it could be folded in half veatly and the picture on the left
lined up with the picture on the right. Next, th@wpcticed doing both parts of the
experiment at the same time. They were given orikeo§ymmetry problems and
once they made their decision about the pictusgjuare appeared on the screen.
Participants were required to remember the positbrihe square. After the
square went away, another symmetry picture appearetithen another square.
Total of 15 symmetry problems were presented. & ghevious section where
they only decided about the picture symmetry, tbenguter computed their
average time to solve the problems. If it took thiemger than their previous
average time, the computer automatically moved tbato the square part, thus
skipping the YES or NO part and counted that pnobées an error. At the end of
each set of pictures and squares, a recall scmgmraeed. They used the mouse to
select the squares they have seen. They were hbifttheir answer to the
symmetry picture wass correct. After the squaraltescreen, they were given
feedback about their performance regarding botmtimber of squares recalled

and the percent correct on the symmetry problems.

During the feedback, they see a number in rechentop right of the
screen. This indicates their percent correct fa symmetry pictures for the
entire experiment. They have to to keep this attlea 85%. Only date at least
85% accurate on the symmetry pictures are usedemext part of the study.
After finishing practice phase they work on thel teals. The real trials look just
like the practice trials they just completed anchsisted of 48 Symmetry
problems (Engle, 2005).
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Fig.7 lllustration of OSpan and SymmSpan task (Barch, D.M, et al. 2009)

6.6.1. LPS-neu

LPS-neu is a German test revised by Kreuzpointi&@euzpointner,
2010). It has been chosen as it is the newest, lesnapd from my point of view,
the most suitable method for the measurement afalled Broad abilities and
general intelligence fact@. As mentioned above, Kreuzpointner, who reworked
Horn’s LPS test from 1983, used the Carroll’s tistegtum model in his work as
base for the comparison of abilities measured leysihbtests of LPS-neu and

similar looking abilities in Carrol’s Stratum IIn ICarroll’s model, factog

56



(General intelligence) which influenced every caigei achievement is placed on
the highest level. The next level, Stratum Il imtds eight factors (Broad
abilities):

As the aim of this study is to discover more alibetrelationship between
WM and general intelligence factgrand also the relationship between single
WM-Span Tasks and Broad cognitive abilities, LP8-ma&as the optimal choice

because this method measured both of these cotsstruc

Four ofCarroll’s Stratum Il Broad abilities are measured by LPS-neu are:
» Crystallized Intelligence
* Fluid intelligence
» Broad Visual Perception

» Broad Cognitive Speediness

LPS-Neuincludes 11 subtests, these are:
1) Allgemeinwissen (General knowledge)
2) Anagramme (Anagrams)

3) Figurenfolgen (Form series)

4) Zahlenfolgen (Number series)

5) Buchstabenfolgen (Letter series)

6) Mentale rotation

7) Flachenzahl (Number of flats)

8) Linienmuster (Line pattern)

9) 8. Zeichen (Marking)

10) Zeilenvergleich (Lines comparison)

11) Addieren (Adding)
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The subtests 1 (General knowledge) and 2 (Anagramdhe LPS are
focused on measuring the general education basetieofinguistic competence.
Based on Carrol’s definition of Stratum Il, Kreugoer included these two
subtests in Crystallized Intelligence section. @e grounds of Carrol’s other
definitions, Subtests 3 (Form series), 4 (Numbaiesg and 5 (Letter series)
ebgaged reasoning and were classified under Fuedlipence. Subtests 6 (Mental
rotation), 7 (Number of flats) and 8 (Line pattemwgre classified under the factor
Visualisation. From the remaining three subtest¢S#yning) and 10 ( Lines
comparison) were subsumed under Processing Spestdr fand Subtest 11

(Adding) found it is place under the factor Broaob@itive Speediness.

1) Subtest number 1 was designed to measure a génemaledge. The idea of
this subtest was that participants with higher ganknowledge would be
more likely to recognize the presented word anatifiethe wrong letter in
it. Total of sixty words were presented in a coludimthe given words there
was always one letter changed. Participants wdeeda® identify this letter
and mark it with a cross. For example in the woldMDE, A was the
wrong letter, because KREIDE (chalk) should betemitwith an E, so A had
to be marked. Participants had three minutes tqtetmthis task.
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Fig.8  Example of LPS subtest 1

O

Markieren Sie den falschen Buchstaben.

KRXI1DE

Um eine falsche Auswahl aufzuheben, zeich-
nen Sie einen Kreis darum und kreuzen Sie
stattdessen ihre alternative Lésung an.

TEEL ®R

Also subtest 2 was based on the presumption thétipants with higher
general knowledge are more likely to identify wialewn words, this time
presented with intermittent structure and mixetetst

The task in this subtest was to find the firstdef the word and mark it
with a cross. For example from letters G-Z-W-E-Rh€ word ZWERG (dwarf)
could be generated, therefore Z had to be markeéld avicross. Participants had

three minutes for forty tasks.
Fig.9  Example of LPS subtest 2

(2)

Markieren Sie den Anfangsbuchstaben.

GXWN e R

2. Beispiel:

CKERX
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Subtest 3 and also subtest 4 and 5 were designate&sure reasoning in
terms of the Thurston’s primary mental abilitiedl &f the subtests required
participants to find a rule which underlay the sysatic.

In subtest 3 thirty series of 8 symbols were preskemwhose order and form
underlay some rules. Participants had to find this and cross the symbol which
misfitted. For example in series |+|+|+]| is thie fet|+, from that reason the last |
misfits and must be marked with a cross.

Participants could work for three minutes.

Fig.10 Example of LPS subtest 3

O

Markieren Sie die Form, die nicht in die
Reihe passt.

OO OO X0OOO0

Es passt immer nur eine Form nicht in
die Reihe!

I+ I + 1 + | X
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In subtest 4 there were forty series made of numabers whose order also underlay

arule.
For example 45545 45 45, the rule is 4 5 405the second 2 must be marked

with a cross.

Fig.11 Example of LPS subtest 4

@

Markieren Sie die Zahl, die nicht in die
Reihe passt.

2 2222 %222

Es passt immer nur eine Zahl nicht in
die Reihe!

4 X5 4 4 5 4 45

Similar in subtest 5 it was presented letters ocoaple of letters and

participants had to mark with a cross not fittingms. They were given both in

subtest 4 and subtest 5 five minutes.

Fig.12 Example of LPS subtest 5

(®)

Markieren Sie den Buchstaben bzw.
das Buchstabenpaar, das nicht in die
Reihe passt.

a b ababa3Xa

Es passt immer nur ein Buchstabe bzw,
ein Buchstabenpaar nicht in die Reihe!

aabh b aaaab aaaa b
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Subtests 6, 7 and 8 were based on the ThurstoaceSactor.

In subtest 6 it was shown 40 series, each seriesisted of five repetitions
of thesame symbdhumbers or letters). Each symbol was rotated a ol center.
One of the symbols was always mirror-inverted. iPigdnts were tasked to
recognize this mirror-inverted symbol and mark ithwa cross. To find this mirror-
inverted symbol mental rotation and comparison meeded.

For this test participants were given two minutes.

Fig.13 Example of LPS subtest 6

O,

Markieren Sie das Zeichen, das spiegel-
verkehrt abgebildet ist,

N7TNX T

2, Beispiel:

PX P AOP

In subtest 7 the task was to calculate the numbauidaces of presented
geometric solids and cross the right answer nexth& solid. Also not visible
surfaces had to be counted in.

Participants had to use visualization and rotat@rbe able to count all of the

surfaces.

For example, the rectangular solid / rectanglediasurfaces, so number six
had to be marked. Solids were organized in twornak Participants were asked to
start with one column and after they finished ammi to the next one. This task

lasted three minutes and participants counted sesfaf twenty geometric solids.
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Fig.14 Example of LPS subtest 7

@

Wie viele Flachen hat der abgebildete Kdrper?

234
22
8 910

2. Beispiel:

o~

S
Nig 33

Subtest 8 contained forty line patterns and lasted minutes. Participants
were required to decide which one of presenteddhepes fitted in the line pattern.
Shape but also position had to fit. Stroke in soohethe fitting patterns was
irrelevant. Only one of the shapes fitted correcligapes couldn’t be rotated. This
task didn’t require any mental rotation.

Also there were here shapes organized in two caduemd participants followed the

same rule as in previous subtests.
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Fig.15 Example of LPS subtest 8

Welche Form passt in das Linienmuster?
L] Vs
AN

Zwischenlinien sind unerheblich!

7%
A=

Subtests 9, 10 and 11 were focused on Cognitiee&p

In subtest 9 the task was to mark every eighthh@y had to go through the
row step by step, count nulls and mark every eigimé. When all eight nulls were
marked then participants were to go back to thanpégy and start to count 1 —
every eighth 1 had to be marked, and then agam2yi8, 4, 5, 6, 7, 8, and 9.

If participants started to work first in column idcamarked numbers, it would be
very difficult for them to compare column 9 withlemn 10 in the following

subtest.
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Fig.16 Example of LPS subtest 9

()

Markieren Sie jede achte 0.
ACHTUNG: nur in Spalte 9

AQ0BOQ
00LOM&
0SO00R
00F 0BT

Wenn Sie am Ende der Spalte angelangt sind,
beginnen Sie, jede achte 1 zu zéhlen, dann
jede achte 2, jeder achte 3 usw.

In subtest 10 participants had to first peruse mwubtest 9 then in subtest
10 and mark the wrong symbol/s, after that theyldcawork on the following row.

More than one symbol could be marked but someefdins could be without.

Fig.17 Example of LPS subtest 10

Markieren Sie die Zeichen in Spalte 10,
die nicht mit den Zeichen in Spalte 9
Ubereinstimmen.

AOOBOO/AOXBOO

Es gibt auch Zeilen, die vollstandig
identisch sind, und Zeilen, die sich in
mehr als einem Zeichen unterscheiden!

0O0LOMO|OOL0OXO

Subtest 11 assesses the ability to concentirateis subtest were presented
eighty rows each of ten numbers. The task was tmtcoumbers of each row. The result
was a two-digit number and participants were agskeahark a single-digit number of the
result. For example 2+4+2+6+2+4+2+6+2+5 = 35, d@d to be marked.
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Fig.18 Example of LPS subtest 11

(1)

Addieren Sie die zehn Zahlen und markieren
Sie die Einerziffer der Lésung.

242624262%

Die Einerziffer der Summe ist unter den
zehn Zahlen immer nur einmal aufgefiihrt!

8263426426

Because the research took place in Germany thésBngersion of WM
tasks had to be translated to German. The traosldtas been done by me and

native German speakers and controlled by the sigogref this thesis.

6.6.2. Strategy use

One of the research questions was whether thecipantits used any kind of
helping strategy except for refreshing of the "&erbmembered" items (repeating
them over in mind). This question was formulate@raénalysis of the pilot study. It
was discovered in this study that although the aeders wanted to avoid
intervening variables in the form of word knowledgeéhich they suggested to be
the reason for the shared variance between splks ttzet use words and a measure
of higher order cognition, such as reading comprsio& (e.g. Engle, Nations,
Cantor, 1990), and used letters instead, the gaatts were not only refreshing
these letters while performing on the WM tasks Wete also integrating these

letters in words which helped them in recalling ntheThis strategy is called

66



Association technique which was also used by soangcppants while performing
on Rspan tasks. Different kinds of strategies wienand while performing on
SymmSpan tasks, wherein some participants wergusbtefreshing the track of
the positions of filled cells.

Based on this finding the participants were askiedutathe ways which
helped them to remember the "to-be remembered'sitgiter they performed all the
WM tasks. Total of 26 participants mentioned ussiogne kind of helping strategy.
These strategies were often mentioned by Ospan Rsmhn: making words
(especially names or often used subjects) fronpthsented letters, or even making
sentences with these words. Helping strategies watreised often by SymmSpan.
Participants who did use strategy mentioned cognoh cells from the sites,

additional remembering of direction — in which vilae presented filled cell
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6.7. Results

To reject or accept null hypothesis several stasistests were performed.
51 participants took part both in LPS and WM te3ise WM tasks ( OSpan,
Rspan, SymmSpan) were administered to 54 adulestsdOnly data where the
participant was at least 85% accurate on the psoog9art of the WM span
tasks were used for other purposes. 52 participaete successful in OSpan, 49
in SymmSpan and 47 in RSpan.

Descriptive statistics can be found in Table 1.

Table 1:Descriptive statistics

G 51 0 285,12 37,12
Gf 51 0 64,18 7,73
Gc 51 0 64,84 17,35
Gv 51 0 87,59 14,57
Gs 51 0 68,51 11,37
WM 43 11 102,65 38,48
OSpan 52 2 43,81 18,209
RSpan 47 7 36,47 9,023
SymmSpan 49 5 20,96 18,593

Before proceeding with the statistical analyses,tla¢ measures were
converted to z-scores to compute composites for ciiestructs of interest.
Firstly, the correlation between g and WM was coteguThe results suggested
that the relation between WM and g is significant391) (p < ,05). Regression

analysis can be seen in Graph 1.
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Graph 1: Regression analysis of the relationship Ieeen WM and g
WM and g

R? Linear = 0,153

6,00

3,007

zg 0007

-3,00

-6,00] o

-8,00 -6,00 -4,00 -2,00 0,00 2,00 4,00

Based on the results, HO is rejected and accepled ttere is a relation between
WM and general Intelligence.

Next, correlation analyses was conducted to testhiypothesis about the
association between WM Span tasks and Broad abhiliti

This analyses suggested that all correlations etviBzoad abilities and WM
Span tasks were possitive. Rspan and Ospan wéresigaificantly related to Gc
(p< ,05). SymmSpan and Ospan were both related {p & ,05), SymmSpan was
related to Gs (p< ,05). No significant correlatiwas found between Gv and WM
span tasks. All the correlations can be found ind2.
Given these results, | amclined to reject thaull hypothesis and accept H2 — there

is a relationship between Broad abilities and WMiStasks

To see the relation more generally the correlabetween general WM
and broad abilities was also conducted. Significaatrelation was found
between WM and two of the Broad abilities Gc (ps),@f (p< ,05).
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Table 2: Correlation btween general WM and generafactor g, and correlations between 4 Broad
abilities and 3 WM Span tasks

z WM ,391* ,365* ,328* ,213 ,225
z Ospan ,338* ,318* ,314* ,163 ,185
Zz Rspan 221 300* ,180 ,063 ,088
z SymmSpan ,366* 177 ,320* ,249 ,322*

*, Correlation is significant at the .05 level @ied).

Based on the results | rejected HO and accept thgre is a relation between

WM and general intelligence.

The research question was, whether participantsfescon a WM test

would differ if the helping strategy is used?

The results show, that use of a helping stratefiyances performance on
WM Span tasks. Participants who didn’t use any fofrhelping strategy scored

significantly higher on both OSpan and RSpan, lotitom SymmSpan (Table 6).

No significant correlation was found between sggteuse and SymmSpan

performance

The descriptive statistics can be found in Tablé 8nd 5.

Table 3: Descriptive statistics of strategy use i®span task

No_Strategie 34 50,18 15,103
Strategie 17 30,35 17,281
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Table 4: Descriptive statistics of strategy use iRSpan task

RSpan N Mean Std.Dev.

No_Strategie
26 41,85 17,456

Strategie
20 30,55 18,312

Table 5: Descriptive statistics of strategy use iBymmSpan task

SymmSpan \ Mean Std.Dev.
No_Strategie

43 20,98 9,127
Strategie

5 22,40 9,154

Table 6: Results of the conducted T-Test

Strategy vs. No_Strategy use

WM span task T Df P
OSpan 4,211 49 <,0001**
RSpan 2,130 44 <,039*
SymmSpan -,330 46 <,743

*, Correlation is significant at the 0.05 level {@led).

** Correlation is significant at the 0.01 leveH@iled).
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One of the controlled variables was the currenttalestate.
The question was whether current mental state raag hn effect on the WM and
LPS test results.

As can be seen in Table 7 the results suggesthtaierformance on WM

Span tasks was not influenced by the current metdss.

Table 7: Correlation between WM span tasks and cuent mental state

Tension Interest ~Carelessness Freshness Calmness Trust ~ Comfort Attention
OSpan ,014 189 -,159 ,207 ,092 ,073  ,007 ,214
RSpan -075 ,187 -,044 ,099 ,023 -,030,036 ,225
SymmSpan ,139 -,110 -,138 -043  -050 ,143 -,240,085

Performance on LPS Test seems to be uninfluenceduosent mental state
Performance on GC and Gs weakly correlated withsiben Gc score also

correlated weakly with Trust. The results can hentbin Table 8.
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Table 8: Correlations between Broad cognitive abities and current mental state

Tension Interest Carelessnes! Freshness Calmness  Trust Comfort Attention
Gf -152 -090 ,108 -,037 233  ,036 -143  ,059
Gec -294 170 ,159 179 231 -281 ,155 144
Gv -188 ,180 248 126 151 -,095 ,071 ,038
Gs ,070 ,003 -155 ,063 ,169 133  -275  -061

*, Correlation is significant at the 0.05 level {@led).

These results suggest that both test results watealNy unburdened by the

current mental state of participants.

An acceptance questionnaire was used to find oué mioout the level of interest of
the participants. This questionnaire was focusechorsy other things, on
participants’ attitudes towards the LPS-Test.

Results shown in Table 9 suggest that the perfocsavas not influenced by the
participants’ attitudes towards LPS-Test. The pasitresponses significantly
outnumbered the negative on@$fie descriptive statistics can be found in Table 9

and the results of the T-Test can be seen in Tehle
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Table 9: Descriptive statistics of obtained respaes in acceptance questionnaire

Positive

50 23,509 4,504
Responses
Negative

50 32,254 4,840
Responses

Table 10: Results of the conducted T-Test
T Df P

Acceptance
guestionnaire 37,26 50 <,0001**

*, Correlation is significant at the 0.05 level {@led).

**_Correlation is significant at the 0.01 leveH@iled).

6.8. Discussion

6.8.1. Sample:

This study involved a randomly selected group of german  university
students with a median of age 23. The results henetore generalizable to
that population.

Common criterion for inclusion in this study wasmaetion of neither LPS-
neu nor an automated version of WM span tasks. Hiey did not come into
contact with each other before performing WM tasksthe possibility of the use of

this strategy in WMSpan tasks would not be known
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Based on the selection, participants could be duidto two groups. One
group was composed of students whose participat@s voluntary and our main
aim was to find out more about their test res#{tsother group was composed of
psychology students at the University of Regenslgatiered through university
advertisements, their primary goal was to gain seur credits.
Differences between these two groups were not olbed; but it is possible that
obtained results may have been influenced by thevaimn of the participants in
each groups.

Although both WM-Tasks and LPS-new were quite teoasuming, the reduction
of the sample for personal reasons was only 3qgyaatnts which should not have
had greater influence. Additional reduction of thi#ained data depended on the
requirements of the WM tasks and there was nottorrevent them. These losses
were caused by WM processing sections in whichpdrécipants were required to
keep at least 85% accuracy criterion. Data of ggehts who did not manage to
keep this level were eliminated. It was not possibl know in advance how much

data would be lost, because success in processingd ot be controlled

6.8.2. Procedure

Testing was conducted in a quiet environment amdsdgime conditions of
administration were followed throughout. As posgiioitervening variables, current
mental state and attitude toward LPS neu were albedr Tension and Trust, two of
the variables reflecting current state of mind,nse@ to have a weak negative
influence on performing Gc in LPS. Althoug influenof tension on LPS
performance was only weak, it was possible to aubidy arranging another
appointment. But since | evaluated this questiaenainly after participants
performed the LPS test i did not receive this infation on time.

LPS-neu was a new version of the performance aedt for that reason,
attitude toward this test was assessed. In moeel@gtnvestigation it did not show

that attitude (trust included) could be affected B\5 performance.
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6.8.3. Methods

Because the research took place in Germany alltekess had to be in
German. For that reason, translations of WM spakstavritten in English were
required.

The answer to the research question whether thera difference in
participants” scores on automated WM tasks if theg some form of helping
strategy was surprising. Although previous reseasubgested that there is a
possitive correlation between strategy use and VéSUIts in earlier versions,
statistical analysis of data gained in this workwéd the opposite. This means that
participants who didn’t use any kind of helping&tgy scored significantly higher
on both OSpan and RSpan.

Strategy use had no influence on SymmSpan perfarendut this could be
due to a small number of strategy use in performBygnmSpan (only six
perticipants used strategy when they were perfayngmmSpan). However, this
finding indicates that participants who tried td #ieir memory and used a form of
the helping strategy (normatively effective straey (e.g., interactive imagery or
sentence generation) had worse outcomes than ipartis who didn’t. A
possible explanation may lie in the differencehia tise of to-be-remembered items.
In earlier versions, words were used as to-be-remeead items and it was found
that performance on these tasks was moderatedrategy use and the shared
variance between span tasks that use words an@dsuneeof higher order cognition
was due to word knowledge (Bailey et al. 2008)cémtrast, in the new version
in order to avoid the possible influence of mengidrstrategies, letters were used
instead. Participants who wanted to aid their mgnaord decided (of their own
volition) to use strategy in the form of senteneagration had first to make words
from presented letters and only subsequently géména sentence. This procedure
required much more time which could resulted irtipgnants not using the strategy
optimally (WM-tasks were timed) and consequently\gorse results.

Another possible explanation may Irethe characteristics of the sample. Studying
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at university requires frequent involvement of wogk memory. Thus take
advantage of this capacity may lead to better teshién, if helping strategy is use.
It would be interesting to see, how the results ldidoe affected by population that
does not use working memory much.

Another thing which could possibly have influencsatained results was the fact
that a few randomly asked respondents said, tlegt flave used a stragy LPS
subtest 11 focused on cognitive speediness measnteifhe task was to count
numbers in each row. The result was a two-digit bemmand participants were
asked to mark a single-digit number. For exampléhd task is 6+5+8+5+4 = 24, 4
has to be marked. Some of the participants wouldkvamly with single-digit
numbers (they would be counting 6+5=1, 1+8+5=4jcWlis less demanding than
counting with two-digit numbers (6+5=11, 11+8+5=24)his strategy helped
participants to work faster. This could cause imiils whose mental processing is
slower, to get a higher score than participant$ \giticker mental processing who

did not use a helping strategy. The use of thatedgyy could have influenced Gs.

6.8.4. Findings:

Found correlations:

Significant correlation was found between WM an(@ =.39, p < .05).

Although this correlation was significant it was chuess than was found in
previous studies where g and WM were viewed asdstirisomorphic constructs
(e.g. Oberauer, 2005, Conway Y, A.R.A., Kane, MEhgle, R.W., 2003; Colom,
R., Shih, P., 2004; Colom, R. et al., 2005) orrarg} relationship between both
constructs was revealed (Buehner, M., Krumm, &glér, M., Pluecken, T., 2006).
More detailed focus showed that there is a sigaficorrelation between WM and
Fluid Intelligence and WM and Crystallized inte#igce. Correlation between WM
and Fluid intelligence corresponds with findingspoévious studies Unsworth et
al.(2005), Colom et al(2005), Conway et al. (2002RY, A.F., Hale, S.(1996),
Kane, M.J. et al. (2004), but here the correlaticas lower. Mildly signifficant
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correlation found between WM and Crystallized ligeince does not correspond
with findings of Colom and Martinéz, (2009) who sugessted that WM an
processing efficiency predict fluid, but not Cryktad intelligence. No evidence
about the relationship between WM and Broad viggateption was found which
does not correspond with the results obtained athen study conducted by Buhner
M., Kroner S., Ziegler M. (2008) who suggested tBatand working memory were
highly related.Also no relation was found between WM and Processipeed,
whereas Conway et al.2002 suggested these twdlesiaere correlated.

Another reason may be the fact, that although theme been recent
consensus among the researchers in the view ¢étheWM, various tests are used
for its measurement. Complex span requires thaticgmnts engage in some
processing activity unrelated to the memory taskis-is quite a big demand which
enables usage of large amount of methods.

Also methods used in mentioned studies were baselifferent priciples.
Some WM span tasks concerned work with TBR itemgratessing part. (ABCD
and Alphabet and Mental Counters tasks task us€mlom et al, 2005).

In another mentioned study, storage was assessbd aontext of processing
component of the WMmodel by dual tasks when fiestesal TBR were presented
followed by several processing tasks (Blihner 2@06)

Different TBR-items, different processing tasks adifferent ways of
combining them were used in the previous studies.

| have not found any iregularity in the measuremefta g or its
subcomponents in this or other mentioned studiesyaériations in the naming of
these variables may also lead to distinct conchssid\s mentioned by Yuan: ,
Different terms for fluid intelligence were usedeirthangeably, such as “nonverbal
intelligence”, “reasoning ability”, “g”, “general uld intelligence”, and
“intelligence.” (Yuan, K. et al.,2006)

Upon closer examination of the relationships betw#éV Span tasks and
Broad cognitive abilities it seems thexplanation of found correlation relate only to

the processing portion of WM tasks which are (ulikBR) different in RSpan
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(determination of sense of sentences) and OSpann@g®of math operations).

Significant correlation found between OSpan and Gicywould support the
idea that, math problem solving probably reflectaia of Gf and Gc¢* (Snow, R.E.,
Yalow, E. in Sternberg, R.J., Handbook of intelfige, 1982, st. 535) and similarly
correlation found between RSpan and Gc correspavtls the expectation that
reading comprehension requires crystallized irgefice.

A possible explanation could be that participantth wreater Gf and Gc would
have less problems while performing processingiguustand can better focus their
attention on remembering of TBR.

Similarly participants with greater Gc would hawesd problems while
performing processing sections with sentences anftlbetter focus their attention
on remembering of TBR.

Also correlation found between SymmSpan and Gfc@dd have the same
base. In SymmSpan processing portions, participavdse required to judge
whether or not displays composed of filled cellaigrid possessed symmetry about
the vertical axis. It was necessary to be fast (@sjompare all details of both
halves, or find some another way to compare inaairee way (Gf).

This would mean that the shared variance between 3fdn tasks and
Broad cognitive abilities might be only due to samguirements in Wm processing

portion and broad cognitive constructs.

6.8.5. Conclusion

Resolution of the question of how and how much gdn&/M, WM Span
tasks and general intelligence factpand broad cognitive abilities relate seems to
be complicated.

Although both correlate significantly, the relatienonly mild. It seems that
application (uplatnini, pginos) of WM in Speeditegsbf cognitive abilities in more
detailed view is relatively limited and the relatibetween these two constructs can
be explained by the ability to process a specyipetof information.

For further investigation of the relationship beémeWM and cognitive
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functions, it would also be interesting to find omtore about the possible
application of WM in power testing of more comptea problem solving tasks. To
solve these tasks WM capacity could be necessarytammprovement could most
influence the performance on these tasks.

The response to the research question regardiatggyr use was surprising.
It turned out, that strategy use does not havessifpee contribution to WM span
task performance. Given, that participants who ukede strategies achieved worse
results than those who did not further researclided solely on this issue would
certainly be beneficial.

Zda se, Ze uplatmi WM ve Speed testing of broad cognitive abilitjies
ponmerné omezené a vztah mezinmito konstrukty nize byt v tomto fipact dan
spiSe schopnosti zpracovavatityrtyp dat. Pro dalsi zkoumani vztahu mezi WM a
cognitive functions by bylo zajimavé zjgvat uplaténi WM v Power testovani
slozitjSich problem solving Ukél pro jejichZ reSeni niZze byt jeji kapacita
nezbytna a kde by se mohl p&avenink WM projevit nejvice.

Na otazku tykajici se pouzivani stratediitpstovani jednotlivych tyjpWM
byla pekvipaviva odpov¥d’. Ukédzalo se, Ze pouzivanichto strategii nema pro
Ucastniky pozitivni pinos. Wastnici pouzivajici tyto strategii dosahovaly
signifikantré horSich vysledk, nez ti, co je nepouzivali. DalSi vyzkum sdadiny

pouze na tuto problematiku by bykug prinosny.
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7. Appendix:
LPS- neu

Fragebogen zum Aktuellen Wohlbefinden (Well-beingstionnaire)

Akzeptanzfragebogen (Acceptance questionnaire)
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