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Abstract

Several studies have reported deficits in recagnind recall in children
who were born prematurely. Moreover, prematurityofsen associated with
marked volume reductions in the hippocampus, whghan important brain
structure for episodic memory. Still an importaniestion is whether deficits in
behavioral performance are due to differences imarg functions in preterm
children as compared to full-term children. In thpresent thesis,
neuropsychological tests, structural magnetic resmmaimaging (MRI), and
event-related potentials (ERPs) were used to sigdd bn the role of the
hippocampus in declarative long-term memory ingmratand full-term children.
Four studies were performed to examine developrhdiifarences in declarative
memory between these populations.

In Study 1, neuropsychological tests were usedxygore semantic and
episodic memory. Additionally, a recognition memerperiment with a speeded
(fostering familiarity-based retrieval) and nongpes (supporting hippocampus-
dependent recollection) response condition was wcted to examine episodic
memory retrieval processes. To obtain volumetritadaf the hippocampus,
structural MRI was applied. Preterm children showeduced hippocampal
volumes relative to full-term children. Although tlggoups did not differ in
episodic memory performance, preterm children shiovwgairments in semantic
memory tasks. This suggests that semantic memofynigtionally affected by
prematurity. Nonetheless, only episodic memory qgrernce was positively
correlated with hippocampal volume in full-term budt in preterm children.
These results suggest that preterm children rearaeural network for episodic
memory that differs from that used by full-termldnén.

Study 2 and Study 3 added supportive ERP evidéycshowing that,
although both groups showed comparable ERP coeeelat familiarity in the
speeded condition of the recognition experimerd,BERP correlate of recollection
in the nonspeeded condition was reduced in pretgrildren. As in Study 1,
recognition memory performance was found to be pained in preterm children.

Furthermore, in the preterm group, the magnitudethef ERP correlate of
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recollection was negatively correlated with the magle of the ERP correlate of
familiarity, suggesting that within the brains ofeferm children reduced
recollective processing may be compensated by eeldardamiliarity-based
remembering. Thus, these results provide tentatiypgport for the assumption that
in the preterm brain other brain structures coman$or reduced hippocampal
volumes to reach a performance similar to thodelbterm children.

Study 4 investigated whether a task-resource amttean alternatively
explain the reduction in recollective processingiaterm children, because one
might propose that recollection requires a greateount of cognitive resources
or is the more difficult process than familiaritymwdh is therefore selectively
reduced. To assess the influence of task difficaityperformance in both groups,
task difficulty was manipulated first, between #é&m memory task (easier task)
and a source memory task (more difficult task) aadond, by using short lags
(easier task) and long lags (more difficult tasé) the repetition of items. By
showing similar memory accuracy between preterm #arbterm children,
irrespective of the difficulty of the tasks, theepent data suggest that a task-
resource artefact does not seem to provide annattee explanation for the
selective reduction in recollective processing iat@m children as compared to
full-term controls.

Taken together, these findings provide evidence the presence of
alterations in declarative long-term memory processn preterm children at
early school-age with uncomplicated neonatal caursempared to full-term
children. Although prematurity was not found to dssociated with impairments
in episodic memory performance, it appears to iedfunctional changes in
episodic retrieval processing, possibly due to hiapapal volume reductions in
preterm children. These functional changes may niedéhe development of
alternative neural pathways for episodic memorycesses which enable preterm

children to reach performance similar to that Sednll-term subjects.
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General Introduction

Memory is one of the most essential cognitive iads in humans,
allowing individuals to build a stable knowledgesbaand to remember details of
one’s everyday life. The critical stages of mema@mocessing include the
encoding, storage, and retrieval of informationjohtrefer to the acquisition of
new information, the maintenance of this informatiover an extended time
period, and the access to this stored informatiespectively. Different regions of
the human brain are involved for meeting all thesguirements. As each brain
structure underlies different maturational changksing the developmental
course (Huttenlocher & Dabholkar, 1997), qualitatand quantitative changes in
memory performance occur over the lifespan. In equence, a major goal of
memory research is to gain a deep understandirdeweélopmental changes in
memory and of the maturation of brain systems, Wwhicderlie memory changes
from infancy over childhood to adulthood.

An appropriate model to investigate the relatigmsietween the
maturation of brain systems and corresponding aamy memory performance
is to use developmental populations in which spe@iinctions are compromised,
such as children born prior to term. Preterm ckiddare prone to damage to the
hippocampus, which is assumed to support memorgeimeral and declarative
long-term memory in particular. As Luciana (2008)nts out, studies on preterm
born children are able to add new knowledge to rieeoof cognitive
development, because they provide neuroscientists & unique temporal
window through which the dynamics of early braintmnation can be observed.
This issue is highlighted in recent investigatiasscumenting that shortened
gestation, as in preterm individuals, has longsagst influences on
neurodevelopment (Davis et al., 2011).

Notably, in a recent review of the worldwide ineigte of preterm birth,
Beck et al. (2010) stated that the morbidity assed with preterm birth often
extends to later life, resulting in enormous phgkipsychological, and economic
costs. Compared to children born at term, pretdridren are at a greater risk for

suffering from brain damage and related neuroldgidesorders, such as
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neuropsychological or behavioral impairments. Tioeee researchers have
focused attention on the quality of life of survis@f preterm births.

Before presenting the four studies that were cotedlin the present thesis
to further elucidate the development of declaratbrey-term memory in preterm
and full-term born children at early school-agejsithecessary to describe the
theoretical background in detail. For this purpdbege theoretical parts will be
presented. Part 1 introduces different memory syst&ith a focus on recognition
memory. In addition, important developmental aspext declarative long-term
memory in general and recognition memory in pardcwiill be reviewed. By
this, the investigatory framework for the followirsgudies is provided and it is
easier to follow the research on the impact of @temity on memory processes
presented in the second theoretical part. Parteh thives an overview of
prematurity and its neurodevelopmental outcomeh @aiparticular focus on the
development of episodic memory. Part 3 describesdifferent methods and
approaches of cognitive psychology that were used irtvestigate the
developmental differences in declarative long-tenemory between preterm and
full-term children. Finally, the main objectivesthie four studies conducted in the

present thesis will be summarized.
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1 TheDeclarative Memory System and its Development

Most neuroscientists assume that there are diffeneemory systems,
which serve distinct functions (e.g., Atkinson & fim, 1968; Squire &
Knowlton, 1995; Tulving, 1995). On the basis of dias of patients with
circumscribed memory disorders, who are impairedame kinds of memory
abilities but show completely intact performanceothers (Moscovitch et al.,
2005; Squire & Zola, 1996) and of studies applymagiroimaging methods (e.g.,
electroencephalography (EEG), functional magnetsonance imaging (fMRI),
positron emission tomography), one fundamentalirdison can be drawn
according to the retention time of information: gierm versus long-term
memory. Short-term memory refers to the type of mgnused to maintain a
limited amount of information in an active state owe brief time period
(Baddeley, 2000). By contrast, long-term memorye$ the memory ability of
maintaining information over longer delays. Longitememory can be further
subdivided into nondeclarative and declarative mgnidondeclarative memories
are typically described as acting unconsciouslgugomatically, which is the case
for conditioned responses, habit and skill learning priming. By contrast,
declarative memory contents reach conscious awssesech as when knowledge
about facts or events is remembered (de Haan, Misldaldeweg, & Vargha-
Khadem, 2006). Subsequently, declarative memorybeadivided into episodic
and semantic memory. Whereas episodic memory rdterthe memory for
individual events that can be located in time grats, such as remembering what
dress you were wearing during the wedding of yastes semantic memory
represents general knowledge of the world thatoigtext-free and can be used
across different situations, such as knowing whaistdpher Columbus was
(Baddeley, 2001). Thus, in contrast to semantic oress, episodic memories
have a high specificity and depend on the contexthich they were acquired.
Figure 1 shows a taxonomy of different memory systand subsystems.

Studies examining the neural correlates of thesenony systems were
able to reveal that each memory subsystem is negtllay distinct brain regions
(Mishkin, Suzuki, Gadian, & Vargha-Khadem, 1997 ulbg & Zola, 1996). For
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instance, declarative memory is supported by temadiphalon and the medial
temporal lobe (MTL) including the hippocampus, ehioal, perirhinal, and

parahippocampal cortices. By contrast, nondeclaratiemory seems to depend
on the striatum, the neocortex, the amygdala, hadérebellum (Squire & Zola,

1996).
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Figure 1: A taxonomy of memory systems in humatieptad from Gazzaniga, Ivry, &
Mangun, 2002).

To summarize, memory is unlikely a unitary systémt, rather seems to
consist of different types of memories that serigtitt cognitive requirements.
Moreover, there is evidence that different brainrugures and their
interconnections contribute to the performanceisgatiable memory systems. In
the next section, declarative long-term memory Wél discussed in more detail,
as this type of memory is especially vulnerabl¢éhto deterioration resulting from

a variety of pre- and postnatal clinical conditigBsuer, 2010).
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1.1 Development of Declarative Memory

The declarative memory system shows greater dgdechanges than
the nondeclarative memory system (see Cycowicz, ;2d@0Haan, Mishkin,
Baldeweg, & Vargha-Khadem, 2006; Nelson, 1995; Richd & Nelson, 2007,
for reviews). Using a longitudinal design, Lum, KjdDavis, and Conti-Ramsden
(2010) found a significant increase in performaimca declarative memory task
(word pairs subtest from the Children’s Memory $fahs compared to a
nondeclarative memory task (i.e., procedural memassessed with a serial
reaction time task) between the ages of 5% and €fsy These results suggest
that declarative and nondeclarative memory folloWfedent developmental
trajectories.

With regard to the development of declarative egrgn memory, there
seem to be three fundamental findings (Hayne, 20B#3t, younger children
learn more slowly than older children. Second, yminchildren’s memories
decay faster over time compared to the memorie®ldér children. Third,
younger children are less flexible to exploit r@gal cues in the service of flexible
remembering than older children. Similarly to thésdings, focusing on the time
frame between infancy and early childhood, Bauddl(® reviewed several
developmental changes in declarative memory in timeapopulations. For
instance, age-related changes occur with regardhéotemporal extent, the
robustness, and the specificity of memories, chanfiom temporally limited to
temporally extended memories, from vulnerable tousb memories, and from
memories that are less specific in the featuresat@mencoded to memories that
are more specific. Following this line of argumeiatia, de Haan et al. (2006)
proposed that the development of declarative merabitjties appears to unfold
in a sequence beginning with novelty preference dadhiliarity-based
recognition, followed by recall, by flexible memeorgnd ultimately by source
memory. By this, semantic memory, which is indemsdof the recall of
contextual information, is assumed to developrat,fiwhereas episodic memory,
which depends on the recall of the source, is ssggbdo emerge later during

development.
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On the behavioral level, recall and recognitiostgeare usually applied to
examine the development of declarative memory. Hewethere are several
difficulties when studying the development of deatave memory only with
behavioral data. For example, most of the age ingments in declarative
memory performance depend on factors such as thefusnemonic strategies or
knowledge about one’'s memory (e.g., metamemory)jctwhare not fully
developed until early school-age (Perner & Ruffma®95). By this, it can be
hypothesized that children up to the age of thoesiX years may not differentiate
between different mental states, like belief, kremige, and (true) memory. Thus,
tasks that are appropriate for older age groupshatenecessarily adequate for
younger age groups, which creates difficultiesamparing memory performance
across different age groups. Another disadvantagyg lme potential motivational
differences between age groups. Whereas youngddrefis interest and
motivation fluctuate rapidly, older children, adsdents, and adults can more
efficiently regulate their behavioral state. Theb#iculties have to be kept in
mind when interpreting developmental studies. Odeaatageous alternative to
pure behavioral studies is conducting studies tmmhbine multiple measures
(e.g., ERPs, fMRI) to try to reveal causal linksvieen the activity and changes
of specific brain regions and the development didveor.

In recent years, an increasing number of neuraimgagtudies provided
evidence that declarative memory ability developsmf childhood through
adolescence and into young adulthood (e.g., Cresbhm&horst, Brown, Holland,
& Dunn, 2006; Ofen et al., 2007), largely dependorgthe maturation of the
prefrontal cortex (PFC). In this context, in a ldadinal MRI study Gogtay et al.
(2004) reported that the PFC, which is importantdognitive control processes
(e.g., Raye, Johnson, Mitchell, Nolde, & D’Esposi000), showed delayed
maturation until late adolescence (see Paus, 2f#35a review). Given the
delayed maturation of the PFC and its involvemargtrategic memory retrieval,
the formation of detailed memories for experienceght be attenuated in
younger age groups relative to adults (Ofen e2aDy7).

To further elucidate the relationship between thaturation of brain

structures and the developmental changes in déelrenemory, Chiu et al.
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(2006) examined age-related differences in thevaiitin patterns of the PFC and
the MTL in younger (7 to 8 years old) and older (0018 years old) children
during the episodic encoding of sentences (stonyprehension task). They found
that older children remembered significantly mogatences from the stories than
the younger children. With respect to the fMRI fimgs, MTL activation
predicted subsequent performance in rememberingrsezd in younger children,
whereas activation in both MTL and prefrontal regowas associated with
successful sentence recall in older children. Theselts provide evidence for the
view that age-related improvements in declarativamory performance depend
on the maturation of the PFC.

Additional evidence for the improvement of declss& memory
performance with age comes from studies which emaniiem versus source
aspects of episodic memory (Cycowicz, Friedman, §rass$, & Duff, 2001,
Cycowicz, Friedman, & Duff, 2003; Czernochowski, dkknger, Johansson, &
Brinkmann, 2005; Czernochowski, Mecklinger, & Jadson, 2009; Sprondel,
Kipp, & Mecklinger, in press). Within the episoditeemory domain, it is possible
to distinguish between memory about the occurredficn event (item memory)
and memory for the context in which knowledge abthat event was acquired
(source memory). Item memory tasks require the ridiscation between
previously studied and new items and can be sdbyedsing a general sense of
familiarity that the item is old without construagi a vivid representation of the
study episode. By contrast, source memory tasksirecihe retrieval of
contextual details surrounding the item’s prior wecence. Moreover, source
memory relies on controlled memory processes taeatgr degree (Dobbins,
Foley, Schacter, & Wagner, 2002; see also Simongpi&r§, 2003, for a review).

To investigate the developmental aspects of itewh source memory,
Cycowicz et al. (2001) required children aged Btgears and young adults to
study a list of pictures presented in either redymen color for a subsequent
memory test. Following the study phase, the pgaicis either had to decide
whether or not the items had been previously presgefdld-new decision in the
item recognition task) or they had to retrieve tdodor in which the items had

been presented (old-green, old-red, new sourchdarsburce memory task). The
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authors found that item memory and source memorfppeance improved with

age. However, source memory performance showed tegreage-related

improvements compared to item memory performancklitionally, the authors

administered neuropsychological tests that areuptred to depend either on
frontal lobe function or MTL functions. Using cola&onal analyses, Cycowicz et
al. (2001) revealed a double dissociation: Itemogedion performance was
correlated with performance in the neuropsycholagiest presumed to be
sensitive to MTL function, but not with performancethe test of frontal lobe

function. By contrast, accuracy in source memory warrelated with the test of
frontal lobe function, but not with the test premthnto assess MTL function.
These findings suggest that frontal lobe structuaes involved in successful
source memory and support the view that age-relatpdovements in declarative
memory performance depend on the maturation ofdkdorain regions.

Further evidence that source memory, which seemdepend on the
maturation of frontal brain regions, develops ie&y slowly compared to item
memory comes from an ERP study by Sprondel etiralpress). These authors
examined the ERP correlates of item and source memahildren (7 to 8 years
old), adolescents (13 to 14 years old), and youhuts (20 to 29 years old) while
performing a continuous recognition memory taskthWegard to item memory,
Sprondel et al. found that adults showed the pudgdERP correlates of familiarity
and recollection, whereas ERP effects in childrad adolescents suggested a
strong reliance on recollection. In contrast, tiRPEcorrelates of source memory
refined with age, showing an increase in strategmllection as well as an
improvement of post-retrieval monitoring from chitdid to adolescence.
Moreover, the authors found that memory performancesased with age and
was particularly low for source memory in childr@hese findings suggest that
recollection is available for item memory judgmebis childhood, whereas the
retrieval of source information is less efficientlzat time.

Taken together, behavioral and neuroimaging efudsuggest that
declarative long-term memory ability develops froghildhood through
adolescence and into young adulthood. Moreovergtiseaccumulating evidence



The Declarative Memory System and its Development 11

that the prolonged development of specific brairucttires (e.g., protracted
maturation of the PFC) contributes to these agaedlchanges.

1.2 Recognition Memory

The mental ability of becoming aware that a paléic information has
been encountered before is referred to as recognitiemory. Currently, two
contrasting accounts of this form of episodic mgmexist: dual-process models
versus single-process models. The single-processouat assumes that
recognition is based on a unidimensional continwafnglobal memory strength
(Squire, Wixted, & Clark, 2007). In contrast, aatiog to dual-process models of
recognition memory, episodic memory retrieval issarbed by two qualitatively
distinct processes: familiarity and recollectiono(¢linas, 2002). Familiarity
refers to a fast-acting memory process, wherelgebnig of knowing someone or
something is elicited in the absence of the reti®f contextual information. By
contrast, recollection refers to the slower andeveifortful retrieval of contextual
information from a prior episode, including theri@tal of the spatial and
temporal context. The contemporary literature regpopnsiderable evidence in
support of the dual-process account of recognitemory (Aggleton & Brown,
1999, 2006; Eichenbaum, Yonelinas, & Ranganath7 2Bandler, 1980).

Several techniques were used to examine the velatontribution of
familiarity and recollection to recognition memancluding receiver-operating
characteristics (ROC; Yonelinas, 1997), the procdssociation procedure
(Jacoby, 1991), and the remember/know proceduri(if) 1985).

ROCs are functions that relate hit (i.e., itemgeaxily recognized as old)
rates to false alarm (i.e., new items incorrectgognized as old) rates while
participants make recognition judgments at differewels of confidence. The
shapes of ROC curves provide information about timelerlying memory
subprocesses (Yonelinas, 1997; see Figure 2)céfgration judgments are based
on familiarity alone, a curvilinear ROC curve that symmetrical along the
diagonal as in Figure 2a is expected by the duatess model. By contrast, if

performance relies exclusively on recollectionnttiee ROC should be linear and
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approach the point 1.1 of the coordinate systemnaBigure 2d. Given that
recollection is associated with high-confidencepoeses, increasing levels of
recollection shift the lower left part of the RO@ward on the y-axis, resulting in
an ROC that is asymmetrical along the diagonal.bdth familiarity and
recollection contribute to performance, the duaepss model predicts an ROC

that is curvilinear and asymmetrical along the dred as in Figure 2b.
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Figure 2: ROCs generated by (a) the equal-variasigaal detection model (familiarity),
(b) the dual-process signal detection model (farity and recollection), and (d) the
high-threshold model (recollection). ROCs are @dtin probability space and z-space in
the left and right panels, respectively (adoptexhiryonelinas, 1997).

The process dissociation procedure consists ottwditions, an inclusion
and exclusion condition. Initially, participanteanstructed to memorize items in
two different contexts (e.g., words presented audit and in written form).
Subsequently, recognition tests with an inclusio @n exclusion condition
follow. In the inclusion condition, participantsueato respond “old” to all items

presented previously regardless of the contexthichvthey were presented. By
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contrast, in the exclusion condition, participahts/e to respond “old” only to
items which were presented in one of the two stadwtexts (e.g., words
presented in written form). Accordingly, correctspenses in the exclusion
condition should be based solely on recollectionemgas correct responses in the
inclusion condition should be based on both familizand recollection.

In the remember/know (R/K) procedure, participdrage to evaluate their
memory states during a recognition memory test ared asked whether they
recollect qualitative details about the item frdma study phase (R-response), they
merely have a feeling of familiarity with the itefd-response), or they have not
encountered the item previously (New). R-resporaes believed to reflect
recollection, whereas K-responses are assumed pi@sent familiarity-based
memory processes (Tulving, 1985).

With regard to the neuronal networks underlyingmifearity and
recollection, recent functional neuroimaging stadmave not yielded completely
unequivocal evidence. However, although currentiytoversially discussed (see
Bird & Burgess, 2008; Eichenbaum et al., 2007, réxiews), there is substantial
evidence that in adults, familiarity and recolleatiare supported by different
subregions of the medial temporal lobes (AggletoBr&wn, 2005; Bowles et al.,
2007; Yonelinas et al.,, 2002). The hippocampal fdram is assumed to be
critical for recollection, whereas the anteriortpair the parahippocampal region
(comprising entorhinal, perirhinal, and parahippopal cortices) centered around
the perirhinal cortex subserves familiarity-baseemory. Furthermore, there is
some evidence that the posterior two-thirds ofiippocampus are more involved
in episodic memory retrieval, especially in recclien, than its anterior part
(Daselaar, Fleck, & Cabeza, 2006; Ludowig et &108).

Further evidence for the neuroanatomical dissoriadf familiarity and
recollection is provided by neuropsychological carelies, revealing that brain
lesions of the anterior temporal lobe includingighénal cortex but sparing the
hippocampus appear to disrupt familiarity while vieg recollection intact
(Bowles et al., 2007). In contrast, selective rsmbion impairments are
associated with restricted hippocampal damage (ks Mayes, Gong,
Roberts, & Kapur, 2005; Yonelinas et al., 2002).
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Based on the assumption that familiarity and dectbn are distinct
cognitive processes, several studies have demtetstrhat they are also
distinguishable on the basis of qualitatively distiERP components (see Figure
3; Friedman & Johnson, 2000; Mecklinger, 2000). pheative ERP correlate of
familiarity is the mid-frontal old/new effect, thas, more positive going
waveforms for previously studied compared to unswidiems that are most
pronounced between 300 and 500 msec at frontatredkc sides. By contrast,
recollection is associated with a somewhat lateruoing ERP effect, that is,
more positive going waveforms for studied than udigd items between 400 and
600 msec at parietal recording sites. This ERReugdifice is termed the parietal

old/new effect.
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Figure 3: ERPs from Rugg et al. (2002) illustratiagmid-frontal ERP modulation (left

panel) associated with familiarity and a parietaliiystributed (right panel) related to

recollection. In this study, the familiarity effestas evident for deeply and shallowly
encoding items, whereas the recollection effect wast pronounced for the deeply
encoding items (adopted from Eichenbaum et al.7200

An increasing number of findings indicate that séhnetwo old/new
modulations can be experimentally dissociated agdthis provide reliable
measures of recollection and familiarity (see Maweér & Jager, 2009; Rugg &
Curran, 2007, for reviews). For example, the parield/new effect is reduced for
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words encoded under divided attention (Curran, 2084d under shallow
processing (Rugg et al., 1998; see Figure 3) cmmdit whereas the mid-frontal
old/new effect was not affected by these manipoeti Conversely, using the
remember/know procedure, Woodruff, Hayama, and R@g@g6) found that the
mid-frontal old/new effect varies monotonically itfamiliarity strength as
indexed by response confidence for items associatgdK-responses, whereas
the parietal old/new effect was insensitive to aberice but enhanced for
recollected items. The mid-frontal old/new effe@shfurthermore been found
larger for rare than for common names and has Isyldben dissociated from
conceptual priming which was sensitive to name loéle but not to name
frequency (Stenberg, Hellman, Johansson, & Ro<#08)2
Taken together, behavioral, neuroimaging, neurdpspgical, and

electrophysiological studies suggest that famtljariand recollection are
dissociable processes. The hippocampus is assumethy a specific role in
recollection, while the anterior part of the papgucampal region centered

around the perirhinal cortex contribute to famitigbased recognition.

1.3 Development of Recognition Memory

As already discussed above, declarative long-tenemory can be
characterized as a continuous process by whiclabiigy to retain and retrieve
information improves from infancy over childhoodadulthood. Despite the large
number of studies that examined the developmendgctories of declarative
memory in general (Chiu et al., 2006; CycowiczeBman, & Snodgrass, 2001;
Cycowicz et al., 2001; Czernochowski et al., 208prondel et al., in press), so
far only little is known about the development béttwo processes underlying
recognition memory (i.e., familiarity and recollect). There is some evidence for
the view that recollection shows more developmentanges than familiarity
(Anooshian, 1999; Billingsley, Smith, & McAndrew2002; Ghetti & Angelini,
2008; Ofen et al., 2007). For example, Billingsttyal. (2002) studied groups of
8-10, 11-13, 14-16, and 17-19 year-olds with thi€ procedure and demonstrated
an age-related increase in R-responses but not-iesponses between early
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school-age and adulthood. Similarly, using a p&twecognition memory task,
Ofen et al. (2007) reported an increase of recmgnitnemory accuracy for
recognition that was accompanied by recollectiondefails from the original
experience between the ages of eight and 24, whefamiliarity-based
recognition did not change with age. However, th& Rrocedure has been
criticized for its reliance on subjective reportsfamiliarity and recollection, and
with respect to developmental and clinical studies, the presumably large
interindividual variability in interpreting the dérence between remembering and
knowing (Strack & Forster, 1995).

In an effort to overcome these limitations, Ghettid Angelini (2008)
recently applied ROC curves to examine the devetopnof familiarity and
recollection in children and adolescents betweanasid 18 years of age. The
authors found an age-related improvement for recbtin from childhood to
adolescence after a semantic but not after a per@egncoding task. In contrast,
familiarity increased only from age six to eightgaedless of the encoding
condition. These data suggest that familiarity tsbke at around eight years,
whereas recollection shows a relatively prolongedumational course.

Taken together, these findings from behavioraégtigations suggest that
age differences in recognition memory primarilyieef age-related improvements
in recollection from childhood through adolescernoeadulthood. In contrast,
familiarity shows early developmental changes andy small age-related
changes after the age of eight years. Howevergthes some methodological
limitations in these studies that need to be dsedis As already mentioned,
studies employing the R/K procedure require pandiots to elaborate or to
introspect their memory states, and this form ofamemory may be affected by
age (Holland Joyner & Kurtz-Costes, 1997; Roeb20€)2; Roebers & Howie,
2003). For example, in the aforementioned studyeBillingsley et al. (2002) and
Ofen et al. (2007), it was not directly tested wieetall age groups follow the R/K
instruction in the same way and how these subjeattgorts are related to
objective measures of familiarity and recollectiofhus, any developmental
changes in familiarity and recollection may potalhyireflect age-related changes

in the ability to follow instructions and/or to @ss memory states. A second
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concern relates to the estimates of familiarity egxbllection derived from ROC
studies. First, as confidence ratings required @CRstudies also depend on the
ability to distinguish between different memoryte&a again, age-related changes
are possible. Second, only very few ROC studies ¢ixamined different age
groups tested whether the model assumptions holdet@same extent across all
age groups (c.f. Ghetti & Angelini, 2008). By thesge comparisons of ROC
curves and derived familiarity and recollectionirastes can produce misleading
results.

ERPs provide an alternative methodological apgrofac the study of
familiarity and recollection from developmental geectives because they do not
depend on subjective reports of memory states aaftlhementioned approaches.
Whereas the parietal old/new effect, the putatiRPEcorrelate of recollection,
can be reliably recorded at early school-age, sg f#ata concerning
developmental changes in the mid-frontal old/nevieaf the putative ERP
correlate of familiarity, reveal inconsistent pattef results (Czernochowski et
al., 2005, 2009; Friedman, de Chastelaine, Nes&l&talcolm, 2010; Hepworth,
Rovet, & Taylor, 2001; Marshall, Drummey, Fox, & Weombe, 2002; van
Strien, Glimmerveen, Martens, & de Bruin, 2009)r Esample, Czernochowski
et al. (2005) investigated the relative contribngieof familiarity and recollection
to recognition memory in 6-8 and 10-12 year-oldidrlen as well as in 20-29
year-old adults using a recognition memory exclusask (Jacoby, 1991). In this
task, line drawings of objects were used as redtieues for previously studied
photos and spoken words. A parietal old/new effeas present in all age groups,
irrespective of target category, albeit at a slighinger latency and with larger
amplitude in the two children groups as compareith woung adults. Similarly,
using words and faces as test stimuli, Hepwortlale2001) demonstrated a
parietal old/new effect for eleven to 14-year-oldldren. These findings suggest
that recollection is available for recognition judgms at early school-age.

However, the ERP correlate of familiarity is lesdiably observed in
younger age groups. In the aforementioned stud@4srnochowski et al. (2005),
no mid-frontal old/new effect was obtained for heit group of children.

Similarly, using a repeated study-test recognitisemory paradigm, Friedman et
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al. (2010) found no mid-frontal old/new effect ima to ten year-old children. By
contrast, using a continuous recognition memork tasvhich old/new decisions
were required for continuously presented picturels everyday objects,
Czernochowski et al. (2009) even found an old/néece at frontal recording
sites in the opposite direction for ten to tweheasrold children, that is, the ERPs
were more positive going for new than for old items

On the one hand, these differences between studas result from
different task characteristics. Specifically, imt@ast to the recognition memory
exclusion task used by Czernochowski et al. (2@0%) the repeated study-test
paradigm used by Friedman et al. (2010), there wereexplicit encoding
instructions in the continuous recognition paradi@uernochowski et al., 2009).
In fact, in this latter memory task, encoding aretrieval demands were
interleaved within a trial.

On the other hand, the absence of a mid-frontdinelv effect in the
former studies can be attributed to a specificieetdd and decision strategy
employed by the children in the recognition mememclusion task and the
repeated study-test paradigm. In both studies;haltiren groups showed a very
conservative response criterion and only resporidieli when they were highly
certain about this. This decision strategy may hattenuated any contribution of
familiarity to recognition judgments for previousktudied items (Azimian-
Faridani & Wilding, 2006). Another reason for ndhding a correlate for
familiarity in children could be that these studieay have lacked an adequate
operational definition of familiarity. Besides thithe old/new difference in the
opposite direction found in the study by Czernocskivet al. (2009) may result
from a component overlap with the Nc, a fronto-calht focused negative
component frequently reported in infant and childEERP studies. The Nc has
been interpreted as presumably reflecting the aflioo of attention to novel and
unexpected events (de Haan, Johnson, & Halit, 2083%similar attentional
mechanism may also account for the results of Hegpwed al. (2001), who found
an old/new difference in the opposite directioneleven- to 14-year-olds at
frontal recording sites as well. A recent studyvay Strien et al. (2009) suggests

a less matured semantic memory system in young&trehigroups. Examining
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the development of verbal recognition memory witheatended continuous word
recognition paradigm, they found a midlatency old/redfect (labeled the N400
old/new effect) to be smaller over parietal regiéms8- to 9- as compared with
11- to 12-year-old children.

In summary, although a large number of studiesméxad the
developmental trajectories of recognition memorigeré is less consistent
evidence with regard to the development of familjaand recollection. While
behavioral data suggest that familiarity-based reitmgn is in place relatively
early in infancy and childhood, the putative ERPre&late of familiarity is not
reliably observed in younger age groups. By cotitthg putative ERP correlate
of recollection can be reliably recorded at earbhaol-age, assuming that
recollection is available for recognition judgmeras that age. In the present
thesis, the different temporal dynamics of famitiaand recollection are used to
test recognition memory in school-aged children adalts (see Study 2).

Up to here, the different types of memory anditeen structures involved
in each memory system were described. In addi#omlual-process model of
recognition memory was presented and the findihgs support the view that
familiarity and recollection are two qualitativetlistinct processes of episodic
memory retrieval were described. Finally, the aglated changes in declarative

memory in general and in recognition memory inipakar were summarized.
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2 Neurodevelopmental Outcomes After Preterm Birth

In the following, a population will be presentdat provides researchers
with the opportunity to examine the dynamics oflyeérain maturation on later
memory performance. Infants born during the thinchéster of pregnancy (i.e., <
37 weeks of gestation), when neural migration ipriogress, are at an increased
risk for brain injury and poor cognitive outcomegative to infants born later in
gestation. Thus, this population can help to urtdacsthe extent to which the

developing brain is able to recover from early biajury.

2.1 Prematurity

In humans, pregnancy normally lasts 40 gestatiaregks (nine months).
According to gestational length, a delivery bef8reweeks of gestation is defined
as a preterm birth (World Health Organization [WH®992), and these preterm
births are further classified as moderately, veryextremely preterm, occurring
at 32-36, 28-31, and 27 weeks of gestation, respectively. Some studiaglor,
Minich, Klein, & Hack, 2004) define preterm birtlts the basis of the birth
weight (BW), including low, very low, and extremdtw BW (< 2500 g, < 1500
g, and < 1000 g, respectively). However, the clasdion solely on BW criteria
has the limitation that growth-restricted infantghamore advanced gestational
ages (GA) are misclassified (Johansson & Cnattjgi2@10). Hence, both
measures of prematurity (i.e., GA and BW) are ugueded for classification.

Contrary to the general belief, preterm birth isc@anmon pregnancy
complication. Beck et al. (2010) reported that 9.6f4ll births that occurred in
2005 worldwide were preterm. Moreover, the incigeraf prematurity has
increased in the last years, at least in the Urfiedes of America (Hamilton et
al., 2007; see Figure 4). Several factors are dsaiwhich possibly contribute to
this upward trend including increasing rates of tipld births, greater use of
assisted reproduction techniques, increases inptbportion of birth among
women over 34 years of age, and changes in clipieaditices, such as greater use

of elective Caesarean section (Beck et al., 208®thermore, the conditions in
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the neonatal intensive care units have improvegl,(@ighly qualified staffing,

refined medical support), resulting in the survieéleven extremely immature

infants.
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Figure 4: Percent preterm and percent low BW (LBWhited States, 1990-2006 (final)
and 2007 (preliminary). LBW is <2500 g and pretdoirth is <37 completed weeks of
gestation (adopted from Heron et al., 2010).

There is a large number of risk factors for preteieliveries (Johansson &
Cnattigius, 2010) including genetic factors (e.gglymorphism of genes),
infections (e.g., bacterial vaginosis), socioecoitostatus (e.g., low education of
parents), multiple pregnancies (e.g., birth of tyimsaternal characteristics (e.g.,
low and high maternal age), smoking and substabosea(e.g., narcotics and
alcohol) as well as air pollution (e.g., ozone).

Several studies have demonstrated that childrem fa@term have higher
rates for neurological, behavioral, and neuropshadical problems compared to
children born at term, and the risk gets higherrtifge immature the children are
at the time of the delivery (Fanaroff et al., 206@ulder-Hughes & Cooke, 2003;
Taylor et al., 2000). However, immaturity is noetbnly risk factor for later
impairments (Luciana, 2003). In fact, there is athaf factors and the interaction
among them that influences the neurodevelopmenti@iomes of preterm birth.
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Figure 5 summarizes the factors that determine rlaéure of cognitive

development in preterm children.
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Figure 5: The source of influence on cognitive d@wment in the preterm infant. The
child’s cognitive status in adulthood will be deténed by genetic, sociodemographic,
and neonatal risk factors, as well as interacti@mong these variables (adopted from
Luciana, 2003).

2.2 Neuroimaging Findingsin Preterm Children

It has been reported that shortened gestatiorpéssting influences on
the structure and function of the nervous systeravi®et al., 2011). ERP and
MRI studies have demonstrated functional and strattthanges in the brains of
preterm individuals immediately after birth as wadl later brain growth failure.
However, while volume measurements of the wholénbaad specific areas of
the brain have frequently been used to investigatectural changes in the
preterm brain (see Cooke, 2010, for a review), ERRse so far been
underutilized in the evaluation of functional chaagsee de Regnier, 2008, for a
review). Moreover, most ERP studies with preterrpypations have focused on
the newborn infant, whereas only very few studiesehbeen performed in
preterm individuals at a later stage of life. Frample, de Regnier, Georgieff, &
Nelson (1997) compared ERPs using a test of shapagnition (one familiar
stimulus and one novel stimulus) at four months@é in preterm and full-term

infants. In contrast to the full-term group, preteinfants did not show the
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expected negativity in response to the novel stisiwbimilarly, using an auditory
recognition memory experiment in which the matenate (familiar stimulus)
was presented alternately with the stranger’'s vdicavel stimulus), Therien,
Worwa, Mattia, and de Regnier (2004) found no g$igamnt differences between
the ERPs from the maternal and stranger’s voigaeterm newborns (born 24 to
32 weeks gestation; tested 39 to 42 weeks gesfatloncontrast, full-term
newborns (born 39 to 42 weeks gestation; testeal 3 days of age) showed a
negative slow wave to the stranger’s voice. Thén@nst concluded that preterm
infants recruit a neural network for recognitionmuey that differs from the one
used by full-term infants.

As already mentioned, there is an extensive tiieea documenting
structural changes in the brains of preterm child(eee Cooke, 2010, for a
review). For example, Peterson et al. (2000) showegional brain volume
reductions in eight-year-old preterm children comegato term controls (i.e.,
smaller volumes in the amygdala, basal ganglighbmdium, corpus callosum, and
hippocampus). Furthermore, Abernethy, Palaniappad, Cooke (2002) showed
that preterm adolescence had smaller volume measaits for the caudate
nucleus, a structure which is involved in goal-dieel action (Grahn, Parkinson,
& Owen, 2008) as well as in memory (Packard & Whit@91), compared to full-
term adolescence. In addition to regional spedfi@in changes, reductions in
overall cortical tissue were found in preterm indials, including abnormalities
in cerebral white and gray matter (Inder, Anders8pencer, Wells, & Volpe,
2003; Kesler et al., 2004). There is also evidetizd the size of the lateral
ventricles is disproportionately enlarged in pretechildren and adolescents
(Kesler et al., 2004; Peterson et al., 2000; Steetanl., 1999). Notably, a few
studies have demonstrated a significant positiatiomship between regional
brain volumes and GA at birth, suggesting that degree of prematurity is
important for brain development (Davis et al., 20R&terson et al., 2000).

Apart from quantitative differences related to alomal growth and
development of the brain, a high prevalence of itatale differences has been
described in preterm individuals. For example, Ay, Klafkowski, Foulder-

Hughes, and Cooke (2003) reported the presencéffefemt lesions, including
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periventricular leukomalacia (PVL) and porencephalyseven-year-old preterm
children. The reasons assumed for the presencesanfititptive and qualitative
brain changes in preterm individuals are the distnce of the cortical
development and brain injury (see Luciana, 2003ntMelirtz, & Huppi, 2009;

Volpe, 2009, for reviews).

The brain is most rapidly growing during fetaleli{12-40 gestational
weeks) and early neonatal life (de Graaf-Peters &ddérs-Algra, 2006).
Therefore, any brain tissue that is maturing ins¢héime windows is highly
vulnerable to insults. In general, the developnanthe human central nervous
system occurs in a certain sequence of events (daf-Beters & Hadders-Algra,
2006; Richmond & Nelson, 2007). Initially, the pesses of neuronal
proliferation and migration take place, which hdaggely concluded by 22-24
weeks of gestation, followed by the development deindritic and axonal
ramifications. Between 24-40 weeks of gestationsuéstantial proportion of
synapses is created, which connect the axon ofnemeon to the dendrite of
another neuron. This process of synaptogenesiti@sdts maximum in the first
year of life and is followed by a gradual reductidmring childhood and early
adulthood (i.e., synaptic pruning). In additionteafthe period of cellular
proliferation, the effect of myelination (i.e., tiieickening of the myelin sheath
surrounding axons) reaches its maximum (in thedttimester of gestation) and
is almost completed by the end of the second yEl#eo

To summarize, the basic stages in the cell dewstop in the brain occur
in the prenatal period. During these crucial pesioflhuman brain development,
mainly in the late second and third trimester o$tggon, premature delivery
occurs, and this disturbance may lead to changedkeirbrain development of
preterm individuals (see Ment et al., 2009, foeaew of the empirical findings
regarding changes in brain development).

Following preterm delivery, the babies undergolgrged intensive care
in the neonatal intensive care units (NICU) witlpesure to numerous noxious
stimuli (e.g., bright light, constant noise, seVemmnalgesics) and these
environments have additional adverse effects ondtheloping central nervous
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system (Als et al., 2004). In addition, it has bdeghlighted that nutritional
deprivation in the neonatal period is associatetl impaired brain development.

Among the affected brain structures, the hippoassrias been reported to
often show marked volume reduction in preterm ckitdd(lsaacs et al., 2000;
Nosarti et al., 2002; Peterson et al., 2000). Watiard to the development of the
hippocampus, Utsunomiya, Takano, Okazaki, and Masie (1999) reported two
growth spurts. The first sharp increase in hippqeainvolume occurs in the
second half of pregnancy; a second still largereiase appears postnataly until
the age of two years. Thereafter, hippocampal veluwuontinues to increase
slowly. By this, it is understandable that pretededivery affects hippocampal
volumes. However, the full adverse effects of premiy on hippocampal
development and their relationship with memory gerfance might not be
apparent until childhood, as a large hippocampalvtr spurt occurs between
birth and two years of age.

As mentioned above, a second reason for quawmétatd qualitative brain
changes in preterm individuals is brain injury. tinis respect two serious
complications are discussed: hypoxia and ischerhizcidna, 2003). While
hypoxia is the reduction in oxygen supply despttecaate perfusion of the tissue
by blood, ischemia refers to restriction in bloaghgly which leads to a low
oxygen state. Both are related to intraventricilamorrhage (IVH) and PVL.
IVH is a bleeding inside or around the lateral beaéventricles. The initiation of
IVH may be caused by fluctuations in cerebral pgdn and cerebral venous
pressure (Volpe, 2001). In contrast, PVL is reldtedecrosis of the white matter
surrounding the lateral ventricles (Luciana, 2008atably, glial cells in the
periventricular region differentiate into specializ subtypes, such as the
oligodendrocyte, during the third trimester of pragcy. As this is the time period
when preterm births are most likely to occur, tas account for the disruption of
myelination that depends on the formation of oligudrocytes. Importantly, there
are many brain structures which are vulnerable uohscomplications (e.g.,
caudate nucleus, corpus callosum, hippocampusnhe).

In addition to episodes of hypoxia and ischemigpas- and postnatal

brain injuries, immunological responses of the motieeintrauterine infections
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are discussed as causes for the elevated vulngradiil the brain in preterm
individuals (Luciana, 2003). Notably, with regard $pecific damages of the
hippocampus, recent studies have demonstrated libaigles hypoxic-ischemic
insults, increases in glutamate release, dysragnlabf enzymatic activity,
(intrauterine) nutrient deficiencies, hypoglycemiar, prolonged exposure to
glucocorticoids can cause increases in hippocargihloss (Cheatham, Sesma,
Bauer, & Georgieff, 2010).

In sum, a considerable amount of data has denabedtthat prematurity is
associated with a high prevalence of brain damawk rseurodevelopmental
sequelae. However, some brain structures are minenable to prematurity than
others (e.g., hippocampus). Hence, functions atedb to more vulnerable
structures that reach functional maturity earlif@ (i.e., hippocampus) will be

impaired in childhood.

2.3 Cognitive Outcomes of Preterm Children

Cognitive impairments are the most common disiadsliidentified among
preterm children, adolescents, and adults, includdgdicits in intellectual
functioning and memory (Bhutta, Cleves, Casey, Gekd& Anand, 2002; Luu et
al., 2009; see Aylward, 2005, for a review). Foample, Luu et al. (2009)
examined 375 preterm children and 111 full-termtirchildren at 12 years of
age. The preterm group obtained significantly lofekscale as well as verbal
and performance intelligence quotient (IQ) scoedative to controls, even after
the exclusion of 38 preterm children with severairbiinjury (i.e., grade 3 to 4
IVH, PVL, or grade 2 and above ventriculomegalypwever, although many of
the reported IQ differences between preterm anditduin individuals are
statistically significant, the mean group 1Q of teren individuals falls in the
borderline to average range (Aylward, 2002). Beeal® scores are only
composite scores of various subtests, they may masle subtle differences.
Therefore, it is important to have a closer lookhat subtests of IQ tests, and to

explicitly examine distinct cognitive functions.
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Although there are several studies which exammedory and learning
in preterm individuals (e.g., Anderson, Doyle, &ckdrian Infant Collaborative
Study Group, 2004; Briscoe, Gathercole, & MarlowQZ2; Isaacs et al., 2000;
Narberhaus et al., 2007), the data are not entzehclusive. While evidence
suggests that working memory is impaired in chitddbern preterm (Isaacs et al.,
2000; Luciana, Lindeke, Georgieff, Mills, & Nelsod999; Sansavini et al.,
2007), there are inconsistent results with regardeclarative long-term memory
performance (Caldu et al., 2006; Curtis, Zhuang, isemd, Hu, & Nelson, 2006;
Giménez et al., 2004, 2005; Isaacs et al., 2000b&thaus et al., 2007, 2009;
Rushe et al., 2001). Using standardized neurop$ygival tests, Caldu et al.
(2006) found impairments in declarative long-termemory in 13-year-old
preterm adolescents compared to a full-term comjrolp. Specifically, preterm
adolescents obtained significantly lower scoresneasures of verbal learning
(i.e., Rey Auditory Verbal Learning Test), on thHelml score of the Rivermead
Behavioural Memory Test (RBMT), a measure of evagydpisodic memory, and
in semantic verbal fluency tests. However, thesénaat pointed out that the
preterm sample included several participants withrolegical complications,
such as hemorrhage or perinatal hypoxia, which sékeifficult to examine the
pure effects of prematurity. Using similar standaedi neuropsychological tests,
Rushe et al. (2001) found no group differences fieint measures of long-term
memory (i.e., Logical Memory subtest and delayezhliescores of the RBMT,
delayed recall of the Rey-Osterrieth Complex Figure 14- to 15-year-old
preterm adolescents. However, the preterm group wgmired relative to
controls on the verbal fluency test. The authorsrpreted these impairments as
deficits in language production, which had alsonbéecumented in previous
studies (Vohr, Garcia Coll, & Oh, 1988). In a samilvein, Narberhaus et al.
(2007) found no group differences after controllifay intelligence between
preterm and full-term born adolescents (14 yearsither in the performance in
the RBMT nor the Rey Auditory Verbal Learning TEéRAVLT). Again, these
authors emphasized the heterogeneous preterm sampleh comprised
participants with a wide range of perinatal comgtiens (e.g., IVH, respiratory

problems) that were not analyzed separately. @Hyicthis issue, the variability
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in the inclusion and exclusion of preterm indivituaith various complications,
holds also for most of the other studies examimpiregerm individuals. Therefore,
the comparison of different studies with heterogersepreterm samples should be

treated with caution.

2.4 Development of Episodic Memory in Preterm Children

Impairments of episodic memory have frequentlynbesported in preterm
children (Caldu et al., 2006; Giménez et al., 2ABO5; Isaacs et al., 2000). Since
the hippocampus is critical for episodic memoryfew studies investigated the
relationship between hippocampal volume and episotmory performance in
preterm individuals (Curtis et al., 2006; Giméngéalg 2004, 2005; Isaacs et al.,
2000; Narberhaus et al., 2009). So far, howeves, fédw studies which have
investigated this relationship revealed inconsistesults. For example, Isaacs et
al. (2000) found bilaterally reduced hippocampaluates as well as reduced
scores in the RBMT in adolescents born preterm. #aidilly, a regression
analysis indicated that hippocampal volume wasediptor of performance in the
RBMT. This suggests a positive relationship betwhgpocampal volume and
episodic memory performance in preterm adolescesitsilarly, using voxel-
based morphometry, Giménez et al. (2004) foundtdvdd reductions of
hippocampal volume in preterm relative to full-teadolescents. The reduction
was more pronounced for the left as compared torigfg® hippocampus. In
addition, in preterm adolescents, positive correfest between left hippocampal
gray matter reductions and verbal memory (i.ernieg scores and percentage of
memory loss of the RAVLT) were found, that is, tireater the volume loss, the
lower the performances. Figure 6 shows the posdoreelation between the left
hippocampal gray matter value and the percentageeaifory loss in the RAVLT.
The authors concluded that left hippocampal volloss may be responsible for

memory impairments in preterm individuals.
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Figure 6: Correlation between gray matter volumethia left hippocampus and percent of
memory loss in the Rey Auditory Verbal Learningt TRAVLT) of the premature group

(red points: data adjusted to the theoretical modhélie points: real data (adopted from

Giménez et al., 2004).

To further elucidate the relationship between thippocampus and
episodic memory performance, Giménez et al. (2Q@®d structural MRI and
applied an episodic face-name recognition task futictional MRI. At first, they
replicated their results from the former study, simpwbilateral hippocampal
volume reduction in preterm adolescents with a leféedominance of the
reduction. Furthermore, they found increased atitiman the right hippocampus
during the encoding phase of the recognition expemt only in preterm
adolescents but not in controls. In addition, thistivation was positively
correlated with recognition performance. The inseshactivation in the more
preserved right hippocampus in the premature gveap taken as evidence for a
compensatory mechanism for the impaired left hippgous. These findings
suggest that compensatory processes may suppkrpéafrmance in preterm
individuals.

There is also evidence from fMRI studies whichigates that other brain
structures compensate for structural damages icifgpbrain regions in preterm
individuals to reach performances similar to thokaull-term participants (Curtis
et al., 2006; Lawrence et al., 2009; Narberhaual.et2009; see also Ment &
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Constable, 2007, for a review of empirical findirgygporting this proposal). For
instance, Narberhaus et al. (2009) did not find group difference in episodic
memory performance in a visual paired associatgdstiatween preterm and full-
term adults. However, the preterm adults were fotmndctivate different neural
networks than controls during both encoding anagattion of picture pairs. In
addition, in the premature group, the absolute arhai gray matter in the
hippocampus was reduced bilaterally. These ressliggest a functional
compensation within the brains of preterm adults.

This suggestion may be compatible with the findirgy Curtis et al.
(2006). Their results again indicated a lack of ésebral differences in an
episodic delayed match to sample perceptuomotéritesveen preterm and full-
term adolescents. However, preterm subjects shayvedter activation during
encoding in the right and left caudate nucleus coathéo controls. The authors
argued that the reasons for different activatiosele in caudate nucleus between
groups may lie in altered connections in the nealraetwork underlying episodic
memory functioning.

Notably, as already mentioned, most of the pretaubjects in the
aforementioned studies suffered perinatal compdinat(e.g., IVH, hypoxia), so
the inconsistent results of the relationship betwdgpocampal volume and
episodic memory performance could be explaineddrying degrees of hypoxic-
ischemic or metabolic insults to the hippocampuboffpson et al., 2008).
Moreover, recent behavioral data revealed thatathibty to recall information
from memory can be enhanced by experiences inxttrauterine environment
when risk factors in an infant’s history are at mimum (e.g., lower grade IVH,
short duration of mechanical ventilation), even tiouexperiences in the
extrauterine world are no substitute for the expeahtrauterine environment (see
Cheatham et al., 2010, for a review). Thereforantestigate the pure impact of
prematurity, in the present thesis (see Study Koz memory performance and
hippocampal volumes were examined in a sample efepn children with
uncomplicated neonatal courses (e.g., no IVH ookigischemic injury).

Taken together, studies examining declarative -k@ngn memory in

preterm children show inconsistent patterns of immpents. Whereas some
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studies found impairments, particularly in episogiemory performance, which
was related to reduced hippocampal volumes (Giménhet, 2004, 2005; Isaacs
et al., 2000), other studies found no group difiees between preterm and full-
term individuals in episodic memory performancertSiet al., 2006; Narberhaus
et al., 2007, 2009; Rushe et al., 2001). Most ingraly, however, only very few
studies have systematically compared both subsgstédnadeclarative long-term
memory (i.e., semantic and episodic memory) ingoretindividuals (Isaacs et al.,
2000), and this makes it in an even more complexrmaadifficult to evaluate the

extent and the nature of deficits in this memorstem.
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3 Neuroscientific Methods

For a comprehensive understanding of declaratigeany functioning in
preterm and full-term individuals, it is importatd use a converging method
approach, which applies both neuropsychologicalistesnd neuroimaging
techniques. Although a between group comparisorbeaof high quality even if
only one method is used, the combination of difiereechniques makes the
findings more robust, as any method per se hasuanstyength and limitations.
The integration of several techniques not only esmlthe identification of
strengths and weaknesses within individuals, bwgo alhe monitoring of
functionally relevant brain processes and the eapitam of the developmental
trajectories of different declarative memory pr@sss in preterm children
compared to full-term born controls. By this, thedarstanding of the brain—
behavior relations during cognitive developmenbath populations will improve.
In the following, the theoretical background of thkree methods (i.e.,
neuropsychological tests, ERPs, and MRI) used irptasent studies is described

in more detail.

3.1 Neuropsychological Tests

Neuropsychological assessment (e.g., standardestsl of intelligence or
memory) is one method of examining the human bogistudying its behavioral
effects. It allows a systematic measurement ofpirdormance of a person in a
relatively short period of time (de Koning, 2008)oreover, it is assumed that
neuropsychological tests can provide reliable messaf the integrity of specific
brain structures (Lezak, 1995). In general, newcpalogical testing reduces the
subjectivity in traditional neurological examinat®iy conducting assessments
that lead to quantifiable standardized scores. &'lstgndardized scores increase
the reliability of the assessment and allow for arenprecise and sensitive
baseline for comparisons across time.

However, there are some particular requiremenisingr with the

application of neuropsychological tests. For exangbme cognitive functions
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are indissolubly connected and this makes the ergapretation of only one test
result difficult. Hence, for the understanding loé trelationship between different
cognitive functions, a comprehensive neuropsychocd@ssessment is necessary
(Lezak, 1995). Another important aspect involvesfeanding variables, such as
motivation, stress, fatigue, and cultural backgobuks these variables can distort
the test results, it is particularly important teeuvalid and reliable tests with
adequate norms. Moreover, it is necessary to udéi@thl methods to gain a
deeper and comprehensive understanding of cognipirecessing and the
functioning of the brain.

A detailed description of the neuropsychologiests used in the present

thesis can be found in the method part of Study 1.

3.2 Electroencephalography (EEG)

Electrophysiological techniques such as the EE&faaquently used to
study the development of brain functions in childr&he EEG is typically
recorded through electrodes placed on differenttpan the surface of the human
scalp and reflects the electrical activity of thaib. The electrodes are usually
applied according to the 10-20 system that deftheslectrode position in terms
of the relative distances along the nasion-iniors gdasper, 1958). The non-
invasive EEG provides a method to directly exanfireen processes and to draw
inferences about regional brain activity. The EE@resents a pattern of variation
in voltage over time, whereby the amplitude of tieemal EEG can vary between
approximately -100 and +100 pV (Coles & Rugg, 199%) frequency ranges to
40 Hz or more.

If a stimulus is presented to a participant whigeording the EEG, an
epoch of the EEG that is time-locked to the prestént of this stimulus can be
defined. The voltage changes that are specificalbted to the brain’s response to
the stimulus are referred to as ERPs. As thesagm®lthanges are often rather
small compared to the background EEG (low signaldse ratio), the EEG
signal is averaged over many presentations of tiheukus. By this, most of the

random EEG activity is cancelled out while the \atti which is related to the
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information processing is preserved. Finally, tasutting ERP waveform can be
described in terms of positive and negative pestsialled “components”. These
components are sensitive towards experimental miatipus and vary in
amplitude, polarity, latency, and topography. Big tthey can be used as markers
for cognitive processes.

In the method part of Study 2, a detailed desonmptof the
electrophysiological recording used in the pre&taG experiment is given.

With regard to the origin of the ERP it is assurtteat scalp-recorded ERP
waveforms reflect the sum of simultaneous post{stfoaactivity of several
thousand neurons. In particular, ERPs recorded ftben scalp represent net
electrical fields associated with the activity adpplations of neurons (Coles &
Rugg, 1995; Davidson, Jackson, & Larson, 2000). &i@wx, only activity of those
neurons that summate their individual electricald$ to produce a dipolar field (a
field with positive and negative charges betweenclwicurrent flows) can be
recorded with the EEG. Because these neurons gtesame parallel orientation,
these configurations are called “open fields”. lanttast, neurons that are
organized in a random manner generate electrieddisfithat are oriented in
different directions and therefore do not produog detectable field outside
them.

One important advantage of ERPs is that they camige information
about the nature of stimulus processing in the rateseof overt behavioral
responses. While ERPs are characterized by anlextéémporal resolution in
the millisecond range to monitor functionally relat/&érain processes, the spatial
resolution is relatively poor. This is due to thghty resistive properties of the
skull, which acts like a low-pass filter and disges the electrical activity over
broad areas of the scalp. Hence, scalp-recordeds ERP not allow direct
inferences about the location of the neuronal gdnes of any particular ERP
component (Coles & Rugg, 1995).

Several studies have demonstrated that the baagpesf ERP waveforms
change systematically as a function of age (Co&len&zel, Grossi, & Neville,
2005; Holcomb, Coffey, & Neville, 1992). In generBRP components are larger

and show longer latencies in younger children thdults. The amplitudes and
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latencies decrease as children progress from agedisixteen. There are several
causes for these developmental changes. Whereageshan ERP amplitudes

likely reflect differences in synaptic density, Heaize, and skull thickness,

decreasing ERP latencies are most likely due tagd®min myelination as well as
increasing proficiency in processing different typef information (de Haan,

2008; Mills & Sheehan, 2007). In this context, lendeRP latencies in children

are often accompanied by longer reaction times ehakioral paradigms in

younger age groups. Thus, age differences in ERfifponents could result from

the interaction of anatomical or physiological chesi\@nd maturational changes
in the brain (Casey, Giedd, & Thomas, 2000; Cycaw2900).

3.3 Structural Magnetic Resonance | maging

Structural MRI is an imaging technique used to tereianages of the
brain’s soft tissue by measuring the permanentadtaristics (e.g., shape and
size) of brain structures. With this neuroimaginetihod, the brain is displayed in
tomographic slices, which enables the investigatibohanges in the brain. This
non-invasive technique is one of the most powetfagjnostic tools in radiology
clinics as well as in research. The signal fromokhMR images are derived
arises from the hydrogen atoms (H) of wates@M especially from the nucleus of
the hydrogen atom. This nucleus contains a po§itsiearged and spinning single
proton and a single electron. It is the proton, clhis of relevance for MRI.
Importantly, most human tissue is water-based, ahethe amount of water in
each type of tissue varies. Hence, different typesissue behave in slightly
different ways when stimulated in the MRI machiaed this can be used to
construct a three dimensional image of the layotthes$e tissues (Ward, 2006).

To acquire MRI scans, a sequence of events isseape (see Weishaupt,
Kdchli, & Marincek, 2006, for detailed descriptiai the MRI methodology).
Initially, the person is placed within the scanoéthe MRI machine and a strong
magnetic field inside the scanner is applied actbss brain. This constantly
applied external magnetic field is measured in sumilled tesla (T). Typical

scanners have field strengths between 1.5 T and\8Hhile hydrogen protons in
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H,O have only weak and randomly oriented magneticidi®n their own, the
strong external magnetic field will align them inetdirection of this external
magnetic field like compass needles, allowing tHeenmmenon of nuclear
magnetic resonance to occur. After the alignmenttred protons, a brief
radiofrequency pulse is applied. As the protonodbshe energy of this pulse,
the orientation of the aligned protons is knockgd90° as compared to their
original orientation. Immediately after excitatiothe radiofrequency pulse is
removed, whereby the absorbed energy dissipates tlandtipped hydrogen
protons are pulled back into their original alignmherhis synchronized rebound
or relaxation results in a loss of energy, and peed signals that are picked up by
detectors surrounding the head. Thereafter, thenstaserially repeats the
processes within different slices of the brain. 8ytematically measuring the
signals throughout the three-dimensional volumthefhead, the MRI system can
then construct the actual image, reflecting thé&ibistion of protons in the tissue.
Thereby, a specialized computer program transtagephysical characteristics of
a volume element or “voxel” of tissue into a twonénsional image. Figure 7
shows the sequence of events for acquiring an M&i.s

The speed of relaxation of the protons dependb®tocal tissue type. For
example, gray matter, white matter, or spinal flédch relax at different rates. In
general, three relaxation times are used: T1, h#, B2*. T1, or longitudinal
relaxation time, is the time by which nuclear pr&d“spins”) return to thermal
equilibrium (initial state) after irradiation byradiofrequency pulse. Commonly,
these T1-weighted images are used for structurab@s of the brain (see Figure
8, centre). T2, or transverse relaxation time,reefe the lifetime or decay of spin
echo signal. When in the misaligned state, at 80thé magnetic field, the MR
signal also decays because of local interactiotis mearby molecules, and this is
termed the T2 component. T2* forms the basis ofiitige created in functional
MRI experiments. Thereby, deoxyhaemoglobin produtiesortions in the T2
component.

The MRI protocol used in the present thesis caifobed in the method
part of Study 1.
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Figure 7: The sequence of events in the acquisiafoen MRI scan (adopted from Ward,
2006).

Although collecting MRI images is relatively tinoensuming, this
technique offers several advantages when comparedher structural imaging
methods. As can be seen in Figure 8, MRI providesuah clearer image of the
brain than computerized tomography (CT). Unlike GIRI does not involve
ionizing radiation. In addition, with MRI it is ea$o see the individual sulci and
gyri of the cerebral cortex and to resolve strueduthat are smaller than 1 mm,
allowing views of small, subcortical structures. Blgis, MRl can define
alterations in cerebral development, including kgitbal and regional reductions
in cerebral growth. Moreover, the understandingltdrations in the sequence of
normal cerebral development can also provide atgraanderstanding of the

impact of prematurity on brain development and airbfunctions.
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Figure 8: An example of computerized tomography; (€ff), T1-weighted MRI (centre)
and T2-weighted MRI (right) scans of the brain (aigal from Ward, 2006).

In summary, for the examination of declarative kb@gn memory
performance, its functionally relevant brain premss and underlying brain
structures, standardized neuropsychological t&dRf)s, and structural MRI can
be used, respectively. By the mutual applicationtledse different scientific
methods, a comprehensive understanding of the al@vental trajectories of
declarative long-term memory processes in pretanch fall-term born children

can be provided.
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4 Aimsof the Present Studies

So far, the theoretical framework and empiricatkgsound relevant for
the examination of declarative long-term memoryprterm and full-term born
children have been presented. In the following,fthe experiments conducted to
examine the developmental trajectories of dechadiing-term memory and its
underlying processes in both populations will kecdssed.

The global aim of the present thesis was to exanihe effects of
prematurity on the development of declarative ltergn memory. More
specifically, functional and structural brain chasgwith respect to declarative
long-term memory functions were investigated intgma children of early
school-age as compared to a full-term born corgroup. To this end, different
scientific methods were used: neuropsychologicabieERPs, and structural MRI.
It is important to mention that the present thasisiot able to investigate all
aspects of the declarative memory system. Thusiddsesinvestigating the
development of declarative memory in general (Stligya particular focus is laid
on episodic memory and its specific retrieval psses, namely familiarity and
recollection (Study 1, 2, 3, and 4).

Study 1 investigated the two subsystems of detbla@réong-term memory
(episodic and semantic memory) in 7- to 1l1l-year-pidterm children with
uncomplicated neonatal courses and in age-matehletdfm control children. In
addition, the question about the potential relaiop between these subsystems
and hippocampal volume in both groups has beereaddd. By this means, Study
1 enabled linking the estimates of episodic andasgim memory to their putative
neuronal basis. More specifically, standardizedrogsychological tests were
used to explore semantic and episodic memory padoce. A recognition
memory experiment was conducted to investigate ispeepisodic memory
retrieval processes. To obtain volumetric datehefltippocampus, structural MRI
was applied. By correlating hippocampal volumeshwepisodic and semantic
memory measures in both groups, it was analyzedtheheor not the same
relationship exists between hippocampal volumes epidodic and semantic

memory performance in preterm and full-term chihdre



Aims of the Present Studies 40

Study 2 and Study 3 aimed at examining the dewedop of episodic
memory retrieval processes (i.e., familiarity aedallection) in preterm children
with uncomplicated neonatal courses and in fultatehildren by means of ERPs.
More precisely, Study 2 investigated whether a frodtal old/new effect, the
putative ERP correlate of familiarity, can be retsat in full-term children at early
school-age under experimental conditions that eragmu familiarity-based
remembering and attenuate recollection. To this &bady 2 compared the ERP
correlates of familiarity and recollection in schagjed full-term children to those
of young adults. By this, Study 2 aimed at establig a template for the
investigation of the ERP correlates of familiaréynd recollection in preterm
children. Study 3 investigated then whether or metgsm children show the same
developmental trajectories of the ERP correlatefamiliarity and recollection as
full-term children. This investigation allowed teg potential differences in the
neural processing in both groups. More specifica@tydy 3 tested the hypothesis
that prematurity, which has been found to be aasediwith marked reductions of
hippocampal volumes, selectively affects recolleciprocessing as indexed by a
reduction of the late parietal ERP old/new efféairthermore, as recent studies
suggest an association between brain developmenttla GA at birth, an
additional aim of Study 3 was to elucidate whetherdegree of prematurity (i.e.,
GA) is associated with the extent of modulatioriha neural systems underlying
retrieval processing in preterm children.

Finally, Study 4 addressed the question whethtsk-resource artefact
can alternatively explain a selective reduction racollective processing in
preterm children compared to full-term children. Téen task-resource artefact is
used when two tasks (e.g., Task A and Task B) stiresame neural/cognitive
resource but one task (e.g., Task B) uses it nibl@ain damage depletes this
resource then Task B may be selectively impairedr(i2006). On the basis of a
task-resource artefact, one might propose that lestimin requires a greater
amount of cognitive resources or is the more diffiprocess than familiarity.
Therefore, Study 4 examined whether preterm chl@dre selectively impaired in
tasks that are more difficult or require a higharoant of cognitive resources

compared to full-term children. By this, Study 4ntributed to a well-founded
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knowledge of the relationship between prematurityl aeduced recollective

processing.
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5 Study1

Hippocampal Volume Mediates Episodic Memory Performance in
Full-Term But Not Preterm Children

5.1 Background and Resear ch Question

In the light of the above mentioned findings ttie hippocampus, which
is a key structure in episodic memory, is oftenkadly reduced in its volume in
preterm compared to full-term children, the maimlgaf Study 1 was to elucidate
the relationship between hippocampal volume andoelic memory performance
in preterm children with uncomplicated neonatal searcompared to full-term
control children. For this purpose, first, strueiuchanges in the hippocampi of
the two children groups were assessed by means RfnMasures. Second,
episodic memory was explored in both groups. Wiseresandardized
neuropsychological tests were used to assess (empiaodic memory
performance, a recognition memory experiment withsgeeded (fostering
familiarity) and a nonspeeded (supporting hippoocasagependent contextual
recollection) response condition was conductedxemmene the specific episodic
memory retrieval subprocesses (Mecklinger, Brunmemé& Kipp, 2011).

Since episodic memory is only one of the two ssetmys of declarative
long-term memory (episodic vs. semantic memory;vihgl, 1972), it was of
additional interest to investigate whether the tawbsystems, episodic and
semantic memory, are equally affected by prematurlthis is particularly
important because so far only few studies haveesyatically compared both
subsystems of declarative long-term memory in pmetedividuals (Isaacs et al.,
2000). Furthermore, there is still a debate whetherhippocampus is important
for semantic memory as well (e.g., Manns, Hopk&squire, 2003; Tulving &
Markowitsch, 1998). While some theories posit tia hippocampus is involved
in episodic but not semantic memory retrieval, ottheories assume that both
semantic and episodic memory retrieval engage tppobampus (see Ryan,

Hoscheidt, & Nadel, 2008, for a review). Hence, aetit memory was explored
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with additional neuropsychological tests and inhbgtroups the relationship
between hippocampal volume and semantic memory opeance was
investigated.

To elucidate whether any deficits in declaratisag-term memory were
independent of reduced intelligence and working M performance,
intellectual functioning (IF) and working memory rgeassessed with additional
neuropsychological tests. This issue is particylamiportant because previous
studies have demonstrated reduced IF (Luu et 8D9Ras well as reduced
working memory performance (Aarnoudse-Moens, Was¢luperus, van
Goudoever, & Oosterlaan, 2009) in preterm children.

Finally, to elucidate the relationship betweenploipampal volume and
episodic memory performance in preterm and fulktezhildren, hippocampal
volumes were correlated with episodic memory messsur both groups. On the
basis of studies that showed that the entire higmppus is involved in episodic
memory (Vargha-Khadem et al., 1997; but see alswidgll& Markowitsch,
1998), general episodic memory performances inndaropsychological tests
were correlated with the total hippocampal volukkareover, as the posterior
two-thirds of the hippocampus are more involveddnollection-based memory
retrieval (Daselaar et al.,, 2006; Ludowig et alQ0&), performances in the
recognition memory experiment were correlated ik posterior two-thirds of
hippocampal volume.

To summarize, Study 1 aimed to disentangle theystdrms of declarative
long-term memory (episodic and semantic memory) dha affected or spared by
the changes of brain functions as found in pretehnifdren. In addition, the study
addressed the question about the relationship keetwgpocampal volume and
episodic and semantic memory performance in pretezhildren with

uncomplicated neonatal courses and full-term chrdr

5.2 Hypotheses

On the basis of the aforementioned results inrepmeindividuals (Isaacs et
al., 2000; Nosarti et al.,, 2002; Peterson et @002, it was hypothesized that
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hippocampal volumes are reduced in preterm childneth uncomplicated
neonatal courses compared to full-term children. édeer, due to potential
compensatory mechanisms within the brains of preiadividuals, semantic and
episodic memory performance should only be marbjinahpaired in preterm
children with uncomplicated neonatal courses.

If the entire hippocampus supports episodic mermaod/the posterior two-
thirds of the hippocampus subserve recollectiorethasemory retrieval, for full-
term children, (1) positive correlations betweea tbtal hippocampal volume and
general episodic memory performances in the neyobyadogical tests and (2)
positive correlations between the posterior twoehiof hippocampal volume and
performance in the nonspeeded response conditidiheofecognition memory
experiment were expected. For the preterm grouwpyced correlations between
hippocampal volumes and episodic memory performaneere expected,
possibly reflecting that within the brains of pratechildren other brain structures
functionally compensate for reduced functioningtied hippocampus. However,
on the basis of the mixed pattern of results raggrdthe hippocampal
involvement in semantic memory retrieval, no speciredictions were made
regarding the relationship between hippocampal velland semantic memory

performance in preterm and full-term children.

5.3 Methods

Participants

Twenty-six children born preterm were recruited fr@amchives of the
Department of Pediatrics and Neonatology at theassity hospital in Homburg.
Inclusion criteria for this study were: (a) no atdranial hemorrhage, (b) no major
surgeries during the first year of life, and (c) craniofacial malformations, no
cerebral palsy, or other neurological diseases. NIReimages of four preterm
children could not be analyzed due to movementaatt and technical failures.
These children were excluded from further analySd®e mean GA of the
remaining 22 preterm children was 30.5 weeks (raB§e34) and the mean BW
was 1359 g (range: 880-1920). The corrected agere(@ed to 40 weeks
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gestation) and gender distribution was: seven oyears old (mean age: 8.66,
range: 7;05-10;11; 14 female). Two subjects were-hiended. The socio-
economic status (SES) was determined accordinghéoInternational Socio-
Economic Index of occupational status (ISEl) depetb by Ganzeboom, de
Graaf, Treiman, and de Leeuw (1992). The rangahisflhdex is between 10 (e.g.,
Cook’s Helper) and 90 (e.g., Judges). The mearevi@uthe preterm group was
53.77 (range: 31-84). All children had respirataligease, with 20 of the 22
children requiring intubation within the first 30imates after birth. According to
parent reports on the Diagnostisches Interview fgssichischen Stérungen im
Kindes- und Jugendalter (Kinder-DIPS; Unnewehr,realer, & Margraf, 1998),
seven of the 22 preterm children obtained a pstrahidiagnosis (see Table 1).
The psychiatric disorders were classified according DSM-IV (American
Psychiatric Association [APA], 1994). All childreattended mainstream schools
at the time of the present assessment.

The control group consisted of 24 age-matched anldhorn full-term, all
of whom had had a normal neonatal course. The MRgés of five control
children could not be analyzed due to movementaats and technical failures.
The mean GA of the remaining 19 controls was 4G2ks (range: 38-43) and the
mean BW was 3435 g (range: 2000-4400). The coxeetge and gender
distribution was: seven to eleven years old (megn 8.06, range: 7;06-11;01; 8
female). All subjects were right-handed. The mealuey of the SES was 64.68
(range: 37-88) and thus significantly higher thanthe preterm group(39) =
2.31, p < .05. To control for confounding influeacef this factor on memory
differences between preterm and full-term childigterrmann & Guadagno,
1997), additional covariance analyses (ANCOVAShvSES as a covariate were
carried out in the case of group differences in ahthe measured variables. The
control children were recruited from schools in Bai#cken and in the immediate
vicinity. One of the 19 full-term born children elted a psychiatric diagnosis
according to the Kinder-DIPS (see Table 1).

The socio-demographic characteristics of the twougs are shown in
Table 1. All participants were native German speakad reported themselves to

be in good health. The children received € 8.00/héar participation.
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Additionally, the parents of all children receiv€dL2.00 for travelling expenses.
The study was approved by the Ethics Committee hef $aarland Medical
Association (ID No. 151/07) and all children andguds gave written informed

consent.
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Table 1: Socio-demographic characteristics for gireterm and full-term group. All values except fgugar scores, days on ventilator, postnatal
steroids, and diagnoses about psychiatric disorédeesmeans (SE; range). NA = not available. *Aftentrolling for gender.

Variable Control Group (N =19) Preterm Group (122 Statistics
Neonatal characteristics
Gestation at birth (weeks) 40.21 (0.30; 38.0-43.0) 30.50 (0.45; 26.0-34.0) t(39) = 17.48p < .001
Birth weight (g) 3434.74 (127.32; 2000-4400) 1358.64 (64.16; 880-1920) t(39) = 15.17p < .001
1-Minute Apgar score, median 10; (range, 8-10) 7; (range, 1-9) t(39) =6.30p < .001
5-Minute Apgar score, median 10; (range, 9-10) 8; (range, 1-10) t(39) =5.25p < .001
Days on ventilator, median NA 4; (range, 1-12)
Postnatal steroids (Solu-Decortin) NA 7
Females/males 8/11 14/8 v’ (1) =1.90p = .17
SES 64.68 (3.01; 37-88) 53.77 (3.54; 31-84) t(39) =2.31p< .05
Anthropometric data at assessment
Corrected age in years 9.06 (0.23; 7.06-11.01) 8.66 (0.18; 7.05-10.11) t(39) =1.38p=.17
Height (cm)* 144.34 (1.97; 131.0-160.0) 135.34 (1.71; 126.0-158.0) F=12.86p<.001
Weight (kg)* 36.29 (1.56; 27.0-55.5) 30.68 (1.41; 23.0-46.0) F=7.49p<.01
Occipito-frontal head circumference* 54.16 (0.40; 50.0-57.0) 52.77 (0.34; 50.0-56.0) F=4.83p<.05
Attention deficit hyperactivity disorder 0 2
Separation anxiety disorder 0 1
Specific phobia 0 2
Enuresis 1 1
Oppositional Defiant Disorder 0 1
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Procedure

There were three sessions: MRI scan, neuropsygitalo tests, and

recognition memory experiment.

Magnetic Resonance Imaging

Scanning took place within a 1.5-Tesla Siemensaorscanner. No
sedation was administered. A 3D MP-RAGE sequencs a#ained with a
repetition time of 1900 ms; echo time, 3.93 ms;ension time, 1100 ms; flip
angle, 15°; matrix size, 256 x 256; field of vieRh6 mm:; partition thickness, 1

mm; 176 sagittal partitions.

Qualitative Image AnalysisTo explore qualitative changes within the
brains of all participants, images were analyzedtwy experienced pediatric
neuroradiologists (P. P., W. R.) who were blindhe group membership of the
children. They determined the presence of focaliraé or generalized atrophy

and abnormalities in the whole brain.

Quantitative Image AnalysisFollowing the exploitation of Kipp,
Mecklinger, Becker, Reith, and Gortner (2010), wodédric analysis comprised the
measurement of hippocampal volumes and cerebraimal using MRIcron
software. First, cerebral volume was outlined méwpua the coronal view. For
this measurement, every tenth slice was traced.s@yming up the cross-
sectional areas and then multiplying this with shee distance (i.e., 10 mm), the
final volume was estimated. Second, the hippocam@ssmanually segmented in
the coronal and sagittal view, always tracing rigipppocampal volume first. The
determination of the posterior limit of the hippogaus began two contiguous
slices before the slice with the maximal visibladéh of the fornix. To exactly
determine the anterior boundary, the alvear cogedh the hippocampus was
used, which was included in the measurements. biietbe demarcation of the
hippocampus from the amygdala was facilitated. fiteslial and inferior border
was marked by the contrast between gray and what#em While uncus and
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subiculum were included in the measurements (CBah, Shorvon, Straughan,
& Stevens, 1992), fimbria and choroid plexus wexelwled. Tracing of the
hippocampus of all subjects was conducted by oregabqr alone, blind to the
group membership of the children. To assess vanaith the measurement of
volumes by this operator, six randomly chosen hippgam were measured a
second time. Intra-observer reliability was highthwa correlation value of .97.
To correct the measured hippocampal volume forlbezaterolume, the covariance
method as described by Jack et al. (1989) was used:
cHc = mHc - g(mCV - meanCV)

where cHc = corrected hippocampal volume, mHc = suesl hippocampal
volume, g = gradient of regression line betweempbdgampal volume & cerebral
volume of all the children of one group, mCV = measl cerebral volume, and
meanCV = mean cerebral volume of all the childrear@ group.

To explore different subregions of the hippocampasquantitatively
objective method (see Greicius et al., 2003) wasiu$he total slice number of
each hippocampus was divided into thirds along a&néerior-posterior axis
(anterior, middle, posterior part); with the largember of slices assigned to the
anterior division when the total slice number wasodd number. As recollection-
based memory retrieval is subserved mainly by th&tepior two-thirds of the
hippocampus (Daselaar et al., 2006; Greicius et 2003), the middle and
posterior part of each hippocampus were summeddfoand right hippocampus,

respectively).

Memory Assessment

The neuropsychological tests lasted one and ahoaif and were carried
out in the laboratory of the Experimental Neurop®jogy Unit at Saarland

University.

Intelligence. To establish whether any deficits in memory were
independent of reduced intelligence, IF was asdessig the Raven’s Coloured
Progressive Matrices Test (Raven, Raven, & Co0@22
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Working MemoryTo test working memory performance, a subteshef t
Hamburg-Wechsler-Intelligenztest fur Kinder (HAWK- Tewes, 1997) was
used — German version of the Wechsler Intelligedcale for Children (WISC):

forward and backward digit span test.

Semantic MemoryThe semantic memory performance was measured by
using three further subtests of the HAWIK-R: gehekaowledge, general

comprehension, and vocabulary.

Episodic MemoryThe episodic memory performance was measured in
two modalities1) To measure verbal episodic memory, the Germanoreds the
Auditory Verbal Learning Test (AVLT) - the Verbalelern- und
Merkfahigkeitstest (VLMT; Helmstaedter, Lendt, &}xw2001) was administered.
2) To measure visual episodic memory, the Rey-OstlriComplex Figure was
administered (Osterrieth, 1944).

Retrieval Processes of Recognition Memdrkie two memory retrieval
processes, familiarity and recollection, were meagwith a recognition memory
experiment consisting of two study-test cycles, with a speeded and one with a
nonspeeded response condition (see Mecklinger .et2@ll1). In both study
phases, the subjects viewed 60 pictures that wesepted consecutively. They
were instructed to make an indoor/outdoor judgmentl to memorize the
pictures. Each picture was presented for 1000 neceded by a fixation cross
(400 msec). There was a retention interval of omeute between the study and
the test phase. During this retention interval,gtibjects had to perform a simple
arithmetic task. In each of the two test phases stibjects viewed a total of 120
pictures (50% old) and were instructed to makenaa/ recognition decisions by
pressing a corresponding key. In the test triathgacture was presented for 1050
msec, preceded by a fixation cross (500 msechdrspeeded condition, subjects
were instructed to give their old—new responsesndypicture presentation (i.e.,

maximal response time = 1050 msec). If no respowss given during
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presentation of the picture, subjects were inforraledut the time-out by a brief
sound, and the trial was discarded from analybig.response was given in time,
a feedback stimulus (smiley or frown face) was @nésd for 500 msec indicating
whether a correct or incorrect response had bewangiln the nonspeeded
condition, subjects were given unlimited time tspend. Immediately after the
response, the feedback stimulus was presented.

Data Analyses

Data were analyzed using SPSS version 17.0. Ferctimparisons of
cerebral, absolute and corrected (see covariancthoohedescribed under
quantitative image analygisippocampal volumes between preterm and full-term
children, t-tests were used. To control for generalized scadiffgcts within the
brain, ANCOVAs with gender as covariate were calted (cf. Nosarti et al.,
2002; Peterson et al.,, 2000). Repeated-measuresOMAE (controlling for
gender) were used to explore hemispheric differemedeft and right corrected
hippocampal volumes as well as in the posterior twas of corrected
hippocampal volumes between the two groups.

To investigate group differences in neuropsychicklgvariables,t-tests
and ANCOVAs (controlling for SES and/or IF) wereeds To determine the
relative power of SES and IF in predicting perfontes, multiple regressions
were conducted in case of an influence of the cates on any of the measured
variables.

To investigate group differences in memory accyr@ed response times
(RT) in the recognition memory experiment, repeatezhsures analyses of
variance (ANOVAs) were used. Memory accuracy waayaed by means of the
discrimination index (Pr), that is, hit rates mirfatse alarm rates (Snodgrass &
Corwin, 1988), for both response conditions. In speeded test block, all trials
with time-out responses or in which no response gvasn were discarded from
analysis. Furthermore, in both response condititsiads with RTs faster than 200
msec were discarded. RTs were measured separaiehhits and correct

rejections, for both response conditions.
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Within the preterm and full-term group, the redaghips of mean (left and
right) corrected hippocampal volume with episodiemory variables of the
neuropsychological tests and relationships of m@aft and right) corrected
hippocampal volume of the posterior two-thirds witle discrimination index Pr
of the recognition experiment were examined by meznpartial correlations
(controlling for gender). Additionally, the relatisimp between mean corrected
hippocampal volume and semantic memory variables exglored. Two-tailed

tests and significance levelspk .05 were used for all analyses.

5.4 Reaults

Qualitative Image AnalysisOf the 22 preterm children, only one child
demonstrated focal frontal atrophy. The other 2dtggm children as well as the
19 full-term children were judged to have brainrscthat were entirely normal on

visual inspection by the pediatric neuroradiologist

Quantitative Image Analysi€erebral and hippocampal volumes of 22 preterm
and 19 full-term control children were analyzedbl€a2 presents the results of the
volumetric measurements. Cerebral volume diffengaifscantly between both
groups,t(39) = 2.63,p < .02; showing a 7.9% decrease in the pretermpgrou
compared with the group of full-term children. Thidference persisted after
controlling for gender in an ANCOV/A;(1, 38) = 4.68p < .04.

Preterm children also differed significantly fromllfterm controls in left
and right absolute hippocampal volumes (I§89) = 3.38p < .01, right:t(39) =
3.45, p < .01); preterm children showing a 12.0% reductadnleft absolute
hippocampal volume and a 12.9% reduction of righsodute hippocampal
volume compared to full-term controls. As in cesthbrolume, these differences
persisted after controlling for gender (Ief(1, 38) = 10.04p < .01; right:F(1,
38) = 9.60,p < .01). As the group comparisons of absolute aodected
hippocampal volumes revealed the same resultsTgkke 2), only outcomes of

corrected hippocampal volumes will be reported below
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An ANCOVA with the factors Hemisphere (left vsght), Group, and
Gender as covariate performed for corrected hippped volumes yielded main
effects of GroupF(1, 38) = 22.59p < .001, and Hemisphere (right > leff(1,
38) = 5.06p = .03). The interaction of Hemisphere and Group wat significant
(F < 1, p = .71). These results indicated that preterm olildhad smaller
corrected hippocampal volumes compared to contawld, that both groups had

larger right versus left hippocampal volumes.

In a next step, the posterior two-thirds of cardchippocampal volumes
were compared between preterm and full-term chmldfen ANCOVA with the
factors Hemisphere (left vs. right), Group, and Gerak covariate performed for
the posterior two-thirds of corrected hippocampaumnes yielded main effects of
Group,F(1, 38) = 19.99p < .001, and Hemisphere (right > Igf(1, 38) = 6.46p
< .02). The interaction of Hemisphere and Group a@ssignificant £ < 1,p =
.92). These results showed that preterm childred ksanaller corrected
hippocampal volumes of the posterior two-thirdsitige to controls, and that both
groups had larger right versus left hippocampalunwds of the posterior two-
thirds.
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Table 2: Volumetric measurements in the preterm faieterm control group. All values are means (S&nge). *Hippocampal volumes

corrected for cerebral volumes (Jack et al., 1989).

Volume (cn)

Control Group
(N =19)

Preterm Group
(N =22)

ANCOVA:

gender as covariate

Cerebral Volume

Left Hippocampus

Left Hippocampus*

Left posterior + middle*
Right Hippocampus
Right Hippocampus*
Right posterior + middle*
Left/Right Hippocampus*

(Left/Right) posterior + middle*

2.83 (0.08; 2.32-3.42)
2.83 (0.06; 2.10-3.43)
1.75 (0.04; 1.29-2.03)
3.02 (0.10; 2.16-3.70)
3.02 (0.09; 2.29-3.57)
1.92 (0.06; 1.54-2.48)
2.93 (0.07; 2.20-3.42)

1.83 (0.05; 1.52-2.20)

1283.39 (27.43; 1026.7-1479.2) 1181.54 (27.12; 952.4-1442.2)

2.49 (0.07; 1.87-3.19)
2.49 (0.06; 2.07-3.12)
1.51 (0.05; 1.16-2.02)
2.63 (0.06; 2.00-3.06)
2.63 (0.05; 2.22-2.98)
1.67 (0.03; 1.43-2.04)
2.56 (0.05; 2.21-2.97)

1.59 (0.03; 1.41-1.91)

F=468p<.04
F=10.04p<.01
F=18.91p<.001
F=16.13p<.001

F=9.60p<.01
F=16.56p<.001
F=11.80p=.01
F=2259p<.001

F =19.99p < .001
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Table 3 shows the volumetric measurements in teéepn and control
group, separately for boys and girls. Boys haddargrebral volumes than girls,
in both the pretermt(20) = 2.55,p < .02, and full-term grouf(17) = 3.57,p <
.01. Concerning hippocampal volumes, no significdiiterences were found
between full-term born boys and girls. In pretermldren, girls had larger left
corrected hippocampal volumeg20) = -2.12,p < .05, as well as larger left
corrected hippocampal volumes of the posterior tivads, t(20) = -2.11p < .05,
than boys. Concerning right corrected hippocampalumes, no significant

differences were found between preterm girls anghbo

Taken together, cerebral, absolute and correctpdobampal volumes
were reduced in preterm children relative to falilht controls, suggesting that
adverse effects of prematurity on hippocampal aedelwal volumes were
apparent in preterm children at early school-agéh wincomplicated neonatal

courses.
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Table 3: Volumetric measurements in the preterm faitederm control group, by gender. All values areans (SE; range). *After controlling for

cerebral volume'p < .05.

Volume (cnT)

Control Group (N =19)

Preterm Group (N = 22)

Cerebral Volume

Left Hippocampus*
Left posterior + middle*
Right Hippocampus*

Right posterior + middle*

Males (N =11)

Females (N = 8)

Males (N = 8)

Females (N = 14)

1348.36 (24.37; 1222.4-

1479.2)
2.81 (0.09; 2.11-3.20)
1.76 (0.05; 1.48-2.03)
3.02 (0.12; 2.29-3.51)

1.93 (0.08; 1.56-2.27)

1194.05 (38.18; 1026.7- 1262.86 (43.55; 1088.1-

1342.2)
2.86 (0.10; 2.48-3.43)
1.74 (0.08; 1.29-2.00)
3.04 (0.13; 2.59-3.57)

1.91 (0.11; 1.54-2.45)

1442.2)
2.34 (0.07; 2.07-2.64)
1.40 (0.06; 1.16-1.73)
2.58 (0.08; 2.22-2.84)

1.66 (0.05; 1.51-1.90)

1135.07 (28.75; 952.4-
1270.9)

2.57 (0.07; 2.14-3.12)
1.58 (0.06; 1.18-2.02)
2.66 (0.06; 2.28-2.98)

1.67 (0.05; 1.43-2.04)
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Memory Assessmerifable 4 summarizes the results for preterm andtéuth
children in the neuropsychological tests and rettmgnmemory experiment. IF
(Coloured Progressive Matrices) differed betweenptreterm and full-term group
even after controlling for SE$(1, 38) = 6.20p < .02. By contrast, comparison
of working memory performance showed no significalifference between
groups p value = .35). Regarding semantic memory, preteritdregm showed
lower performance in all three subtests of the HKVR compared to full-term
children (General Knowledge&39) = 4.15,p < .001; General Comprehension:
t(39) = 3.66,p < .01; Vocabularyt(39) = 2.07,p < .05). However, in contrast to
the subtests general knowledge and general commmieme in the subtest
vocabulary the group difference disappeared wheéindaSES and IF as
covariates into accounp (value = .69). Multiple regressions with vocabulasy
the criterion variable and SES or IF as independaniables revealed that IF
accounted for 19.4%F(1, 39) = 9.41p < .01) and SES for 17.1%(1, 39) =
8.05,p < .01) of the variance in vocabulary. Regardings@gic memory, no
group differences were obtained for verbal memanymediate recall, learning
gains, delayed recall, recognition, loss after yleta visual memory (immediate
and delayed recall). The copy performance of the@sterrieth Complex Figure
differed significantly between group&39) = 2.54,p < .02, but this difference
disappeared when SES and IF were used as covapatakie = .25).

In the recognition memory experiment, one pretechild reached
insufficient memory accuracy (memory performance diot exceed chance
performance) and was excluded from further analyf®es the remaining 21
preterm and 19 full-term born children, an ANOVAthvithe factors Response
Condition (speeded vs. nonspeeded) and Group ®nrtemory accuracy (Pr)
yielded only a main effect of Response Conditie(i,, 38) = 64.01p < .001. This
result indicated that both groups responded mocairately in the nonspeeded
than in the speeded response condition. For mesgpomee times, an ANOVA
with the factors Response Condition (speeded wsspeeded), Iltem Type (Hits,
Correct Rejections), and Group revealed reliablenneffects of Response
Condition,F(1, 38) = 102.50p < .001, and Item Typéd;5(1, 38) = 4.46p < .05.

The interaction of Response Condition and Item Tgljmk not reach statistical
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significance,F(1, 38) = 3.83p = .058. These results indicated that both groups
took more time for responding in the nonspeeded thahe speeded condition,

and also took more time for responding for CorRejections than for Hits.
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Table 4: Neuropsychological and recognition taskules for each group. Standard errors of the
means are given in parentheses. All scores excepiAWIK-R, Rey-Osterrieth Complex Figure
immediate and delayed recall scores as well as merexuracy and RTs in the recognition task
are raw scores. In case of group differences inithal t-test, an ANCOVA with SES and/or
intellectual functioning (IF) as covariates was dad out.

Cognitive Ability Control Preterm p values p values of the
Group Group (t-tests) ANCOVA:
(N = 19) (N = 22) SESand/or IF

as covariates

Intellectual Functioning

Coloured Progressive Matrices 32.58 (0.50) 29.295)0 < .01 .02

Working Memory

Digit Span (HAWIK-R} 11.26 (0.67) 10.45 (0.54) .35 -

Semantic Memorf(HAWIK-R)

General Knowledge 14.47 (0.56) 11.18 (0.55).001 <.027
General Comprehension 13.00 (0.47) 10.18 (0.59).01 < .0%?
Vocabulary 14.37 (0.59) 12.27 (0.79)< .05 692

Episodic Memory

Verbal Memory (VLMTY

- immediate recall 7.53(0.34) 7.05(0.36) .34 -
- learning gains 54.37 (2.15) 49.50 (2.37) .14 -
- delayed recall 11.95 (0.44) 11.00 (0.46) .15 -
- recognition 14.47 (0.16) 14.55 (0.17) .76 -
- loss after delay 1.21 (0.29) 0.50 (0.37) 15 -

Visual Memory

(Rey-Osterrieth Complex Figure)

- copy 29.58 (1.18) 25.57 (1.06) < .02 2542
- immediate recdil 64.30 (3.59) 63.09 (2.79) .79 -

- delayed recdll 61.92 (3.75) 57.34 (3.01) .34 -
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Memory Retrieval Processes

Recognition Memory Task

(speeded)

- memory accuracy (Pr)

- RT Hits

- RT Correct Rejections

0.47 (0.04)

0.45 (0.04) .70
734 (11) > .99
744 (12) 66

Recognition Memory Task

(nonspeeded)

- memory accuracy (Pr)

- RT Hits

- RT Correct Rejections

0.73 (0.03)
1282 (97)
1310 (61)

0.66 (0.04) .22
1221 (74) .61
1322 (89) .91

*HAWIK-R (Tewes, 1997) is the German version of iMSC. Scores are standardized scores
based on chronological age norms (Mean = 10, SP =3
®VLMT (Helmstaedter et al., 2001) is the German ierof the Auditory Verbal Learning Test

(AVLT).

‘Immediate and delayed recall performance is thegmerimmediate/delayed recall score which is
the immediate or delayed raw score divided by thgyaaw score multiplied with 100 (Lezak,

1995).
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Relations between Volumetric Data and Memory Vaesln the basis of recent
studies which revealed a relationship between fippdsampus and episodic
memory processes (Giménez et al., 2004, 2005; dsataal., 2000), the mean of
left and right corrected hippocampal volumes weoeretated with memory
variables for each children group separately. Bseaboth, left and right,
corrected hippocampal volumes were reduced in prethildren, a mean of left
and right corrected hippocampal volume was caledlgbr each subject (see
Table 2).

For full-term controls, partial correlations casiting for gender showed
that the smaller the mean corrected hippocampaime] the worse the delayed
recall performance of the Rey-Osterrieth CompleguFe, r = .47p < .05. In
contrast, the statistically significant correlatiopetween mean corrected
hippocampal volume and learning gains of the VLMT = .55, p < .02)
diminished after removing one potential outlier ttlsbffered more than three
standard deviations from the group mean in hisesafrlearning gains of the
VLMT (r = .17, p > .51). The investigation of the mean posterioo-thvirds of
corrected hippocampal volume in relation to themmsination index Pr revealed
only a positive correlation between the posteriaro-thirds of corrected
hippocampal volume and memory accuracy in the naugzeresponse condition
(r = .57,p < .02). No statistically significant correlatiomgere detected between
volumetric measurements and other episodic memaighlas. There were also
no significant correlations between the mean ctecebippocampal volume and

semantic memory variables.

For preterm children, no significant correlatiovasre found in either of the

analyses.
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5.5 Discussion

The goal of Study 1 was to systematically examtne hippocampal
volume and its relationship with episodic and seticamemory performance in
preterm children with uncomplicated neonatal cosirstative to a full-term born
control group. For this purpose, structural charigele hippocampal volumes of
preterm and full-term children were assessed bynsed structural MRI. To
examine episodic and semantic memory performancéandardized
neuropsychological tests were used. Additionally, recognition memory
experiment was conducted to elucidate whether Bpeepisodic memory
retrieval processes were affected by prematurityally, to elucidate the
relationship between hippocampal volume and episadid semantic memory
performance in preterm and full-term children, hippmpal volume was
correlated with episodic and semantic memory measur both groups. It was
expected that preterm children show reduced hipppahvolumes relative to an
age-matched full-term control group, whereas epesatid semantic memory
performance should only be marginally impaired. #ddally, reduced
correlations between hippocampal volume and episatemory performances
were predicted for preterm children compared toftiieerm control group. With
regard to the relationships between hippocampalmel and semantic memory
performances in preterm and full-term children, smecific predictions were
made.

Consistent with the hypothesis, preterm childremowsed reduced
hippocampal volumes relative to the full-term cohtgroup. While no group
differences were found in episodic memory perforoganpreterm children
showed lower performance in semantic memory tasiative to controls.
Furthermore, in full-term children, hippocampal wole was positively correlated
with delayed recall performance of the Rey-Ostérri@omplex Figure and with
memory accuracy in the nonspeeded condition of ré@gnition memory
experiment. For preterm children, no such relatiggswere obtained.

The volumetric results will be discussed first|daled by the discussion
of semantic and episodic memory outcomes and thegtiaeships between

hippocampal volume and memory variables.
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Volumetric Outcomes

Consistent with other quantitative MRI studies n@nez et al., 2004,
Nosarti et al., 2002; Peterson et al., 2000), catedond absolute hippocampal
volumes were reduced in preterm relative to fulirechildren. As reduced
hippocampal volumes persisted after correctingderebral volume, it can be
concluded that these reduced sizes are dispropatgélyngreater than it would be
predicted on the basis of the smaller brains ofptte¢erm children. Reductions in
cerebral volume and corrected hippocampal volunere wot related to measures
of prematurity (i.e., GA, BW, 5-Minute Apgar Scar8) this, the reasons for the
disproportionate hippocampal volume loss in pretechildren still remain
unclear. One explanation is that perinatal varmbfe.g., postnatal steroids)
negatively affect the growth of the hippocampi. &y, Thompson et al. (2008)
have reported a negative impact of several petinatgables (e.g., postnatal
steroids, indomethacin treatment) on hippocamp#&lines in preterm infants.
However, given the small number of preterm childiemhom postnatal steroids
were administered in the present sample (to sef/édmed®2 preterm children) and
the fact that the sample contained only childrethwincomplicated neonatal
courses, it is refrained from drawing firm conctuss on the relationship between
hippocampal volumes and perinatal events. Furthmggirecal data are required to
elucidate such a relation.

Currently, only tentative hypotheses about altéveaexplanations for the
disproportionate hippocampal volume loss in pretamidren can be made.
Given that the hippocampus is also vulnerable tesst(McEwen, 1999), one
possibility is that stressful neonatal environmewtanditions (e.g., bright light,
constant noise) in the intensive care units havergract on the development of
the hippocampus (Als et al., 2004; Perlman, 20Qtifically, preterm babies are
exposed to these conditions to a higher extent thiiterm babies. Thus, it is
conceivable that early stressful experiences hall@enced the hippocampal
volume loss in the present preterm group. With sigiast however it is difficult to
measure the impact of early exposure to potentialymful interventions in

children. Overall, the volumetric data reported eh@onverge with previous
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observations, showing a disproportionate vulneitgolf hippocampal volume in
the developing brains of preterm children.

Regarding gender differences in cerebral volunie, present results
support the findings of previous studies (Nosartale, 2002; Sgouros, Goldin,
Hockley, Wake, & Natarajan, 1999), showing largerebral volume in boys than
girls in both groups. However, regarding the role gender differences in
hippocampal volumes no consistency in previousareseis found. Whilst some
studies have reported gender differences in hipppe& volumes in full-term
(boys had larger left and right hippocampal volumdsut not in preterm
individuals (Nosatrti et al., 2002), others did find a gender difference in neither
group (Thompson et al., 2009). The present data eeeonstrated a different
pattern, showing a gender difference only in pretehildren (boys had smaller
left corrected hippocampal volumes). The reasonsliferging patterns in gender
differences in hippocampal volumes of preterm amtttérm children are still
unclear. However, some of the available evidenaggest that environmental
stress early in life affects boys more severelnthials, which has been attributed
to evolutionary mechanisms that maximize reprodecsurvival (for details, see
Elsmén, Steen, & Hellstrom-Westas, 2004). It isstltonceivable that preterm
boys were born earlier and also have lower BWs tids, which result in a
longer stay in the stressful intensive care urttewever, this view was not
confirmed by the present study. Notably, Thompsbrale (2009) suggest that
gender differences depend on the stage of develupraed on hormonal
influences. Therefore, to elucidate the pattermefider differences, it could be
revealing to measure hormonal influences on hippped development in a

longitudinal study.

Memory Outcomes

The assessment of IF and working memory madegsipte to establish
whether the semantic memory deficits in preternidcin demonstrated here were
independent of reduced intelligence and working wrnperformance. The data
analysis revealed that, whilst IF was reduced ietggm relative to full-term
children, working memory performance did not diffegtween groups ensuring
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that declarative long-term memory was not confodndg the ability to retain

information over a short time period. However, tmtrol for the influence of IF

on semantic memory performance, additional covaeaatalyses with IF as a
covariate were carried out. These analyses shdweadrt contrast to the two other
subtests of the HAWIK-R (i.e., general knowledgengral comprehension), the
group difference in vocabulary was rather due ttedinces in IF and SES and
not related to prematurity. This result is suppibibg previous studies with full-

term children that showed that vocabulary is inficed by IF (Ullstadius,

Gustafsson, & Carlstedt, 2002) and SES (see HO@62for a review).

The finding that using neuropsychological testsugr differences in
semantic memory were ascertained is consistent pvéttiious studies in preterm
and full-term children (Luu et al., 2009). This idéf may have been caused by
differences in the neural processing of semantiterizd between preterm and
full-term children (see Ment & Constable, 2007, éoreview). For example, using
fMRI, Peterson et al. (2002) reported that pretehitdren activated brain regions
during a semantic task that resembled those aetlvist a phonological task in
full-term controls. The greater this resemblandee tower were the verbal
comprehension IQ scores and the poorer the lange@amerehension during the
scanning task of the preterm children. These ressiliggest that deficits in
semantic memory may be due to changes in the newatalorks underlying
language processing.

Nevertheless, the question remains, why redugggblhempal volumes in
combination with semantic memory deficits were fduim preterm children.
Although due to the concurrence of both results caie assume a relationship
between hippocampal volume and semantic memoywhs not validated by the
correlation analyses. So far, there is still debatether the hippocampus is
equally important for semantic and episodic mem@yg., Manns et al., 2003;
Tulving & Markowitsch, 1998; see also Ryan et aD08, for a review). Given
that in the present study volumetric changes westertchined only in the
hippocampus, volume reductions in other brain megiwhich are important for
semantic memory, such as the anterior temporakexortannot be ruled out
(Rogers et al., 2006).
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Examination of general episodic memory performanead memory
accuracy in the picture recognition memory expeninesvealed no group
differences. Thus, these results indicate thaheeigeneral episodic memory nor
specific retrieval processes (i.e., familiarity amdollection) were influenced by
prematurity.

In the light of the finding that hippocampal voleshwere reduced in
preterm children, the question arises, why no gradiifferences in episodic
memory performance were found. On the one hand,absence of impairments
in episodic memory in preterm children contradistadies showing a loss of
episodic memory in subjects with bilateral damafythe hippocampus (Giménez
et al., 2005; Isaacs et al., 2000; see also Vakitetem, Gadian, & Mishkin,
2001). In this way, the current finding of no belwaal impairments on episodic
memory tasks despite reduced hippocampal volumeggests a dissociation
between hippocampal volume and memory performamgedterm children. This
conclusion may be further substantiated by the faat in the present study
hippocampal volume was positively correlated wigthagied recall performance of
the Rey-Osterrieth Complex Figure and with recagnitaccuracy in the
nonspeeded response condition in full-term but inopreterm children. This
finding could be related to those earlier studidéschv did also not find behavioral
differences between preterm and full-term partiotpaut showed that the neural
network underlying episodic memory is modified megerm individuals (Curtis et
al., 2006; Narberhaus et al., 2009). For examplé¢he study by Narberhaus et al.
(2009), preterm adults did not differ from full4ercontrols in episodic memory
performance in a visual paired associates tasktheupreterm adults were found
to activate different neural networks than contrdiging both encoding and
recognition of picture pairs. As such, a tentagxelanation for why hippocampal
volume has been found to be unrelated to episo@imaony function in preterm
children in the present study may be that pretdritaien recruit a neural network
for episodic memory that differs from the one ubgdull-term children.

On the basis of the relationship between hippoemgpume and episodic
memory found in full-term controls only, one cowdyue that outliers within the

full-term group have caused the diverging resuit®ath groups. However, this
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possibility can be ruled out as the correlatiomnamed statistically significant
even after controlling for outliers. To further exiae the statistical power in the
present correlations, it was calculated how lahgepreterm sample should be in
order to find small effects with a power of .80 fbe correlation of hippocampal
volume with delayed recall performance of the Resge@ieth Complex Figure (r
= -.12, p = .61) and with recognition accuracy in the nomsjeel response
condition (r = -.13,p = .60). For this purpose, the program G*Power [Fau
Erdfelder, Lang, & Buchner, 2007) was used in whizh asa and the measured
correlation coefficients were entered. This analysgvealed that the required
preterm sample size amounts to N = 428 and N =t@@dject the null hypothesis
of zero correlation, for both correlations respealil. Thus, due to the relatively
small preterm sample size in the present studyctmelusions drawn here are
only preliminary and must await reassessment iollavi-up study with a larger
sample size.

Taken together, Study 1 provides evidence for gharn declarative long-
term memory in preterm children. As there were raug differences in episodic
memory performance, the impairments in semantic ongrm preterm children
can be taken to reflect selective difficulties theg not fully explainable by IF and
SES. An important endeavor for future research asekplore the brain
mechanisms which underlie this selective impairmentsemantic memory.
Furthermore, because hippocampal volume seems tliateeepisodic memory
performance in full-term but not preterm children,could be suggested that
preterm children at that age recruit a neural ngtwor episodic memory that

differs from the one used by full-term children.
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6 Study?2

Two Processes for Recognition Memory in Children of Early
School Age: An Event-Related Potential Study’

6.1 Background and Resear ch Question

Study 1 led to the tentative suggestion that pmetehildren recruit a
neural network for episodic memory that differsnfrehe one used by full-term
born children. In order to provide a template fonderstanding the
neurobehavioral basis of prematurity, the aim afd$t2 was to delineate the
normative processes that underlie episodic menwinieval in full-term children
at early school-age. Specifically, Study 2 examirttd ERP correlates of
familiarity and recollection and their developmeint school-aged full-term
children (Mecklinger et al., 203} By this, Study 2 established a model for the
investigation of the two subprocesses of recogniti@mory in preterm children.

ERPs provide an excellent temporal resolution tonitor functionally
relevant brain processes. As mentioned above, howerevious studies failed to
verify the ERP correlate of familiarity in childremherefore, in this study it was
explored whether a mid-frontal old/new effect, thetative ERP correlate of
familiarity, can be recorded from full-term childreat early school-age under
experimental conditions that encourage familiabsed remembering and
attenuate recollection. To this end, the ERP padtef the full-term children were
compared with those of young adults to examinerafgged differences in the
ERP correlates of familiarity and recollection. th@rmore, it was explored
whether both ERP correlates show similar developatefifferences. By this, the
present study searched for converging evidencerdegameasures of the two

subprocesses of recognition memory and their dewsdopal trajectories.

! The data reported in this study are also repoitethe following article: Mecklinger, A.,
Brunnemann, N., & Kipp, K. H. (2011). Two proces$es recognition memory in children of
early school-age: An event-related potential stddwrnal of Cognitive Neuroscience,(23 435-
446.
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In the present operational definitions of famitiarand recollection, the
focus was on the temporal dynamics of both prose<$3a the basis of previous
studies that showed that familiarity is availablarlier than recollection
(Hintzman & Caulton, 1997; Hintzman & Curran, 199¢Bcognition memory in
full-term children and adults was tested with gpoese deadline procedure, in
which recognition decisions were required very giyicA number of studies have
shown that under speeded response conditionswhen participants have to give
a recognition memory decision within 800 msec) Hection is diminished and
tends to be at chance level while familiarity-basseimory is still above chance
(Boldini, Russo, & Avons, 2004; Hintzman & Caultdt997). As familiarity is
fostered under speeded response conditions, it exgected that the ERP
correlate of familiarity will be present and the redate of recollection to be
diminished when speeded recognition judgments t@abe given.

Thus, Study 2 was conducted in anticipation ofd$t@, because the
former aimed to demonstrate that the putative E®Relate of familiarity can be
recorded from full-term children under conditionsiexe children are forced to
make old/new decisions quickly, and, in turn, remglon is hindered. Study 3
then used the response deadline procedure to diggatthe episodic memory
subprocesses that are affected and spared by #rged in brain function that

accompany prematurity.

6.2 Hypotheses

Following this line of thought, it was expecteathf recognition memory
performance depends more on familiarity than orollection in a speeded
response condition, performance for adults shouldldveer than that in a
nonspeeded condition. Regarding the neural coelaticited in the speeded
condition, a mid-frontal old/new effect but no dal effect should be apparent.
Given the availability of familiarity at early schemge, as suggested by the
findings of Ghetti and Angelini (2008), it was preted that full-term children
show the same performance and ERP pattern as thiecadtrol group under a

speeded response condition.
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For the nonspeeded condition, the following predns were made: In
full-term children and adults, recognition memomrfprmance should be higher
than in the speeded condition because recognitiperdks on both recollection
and familiarity. With regard to the neural correlgt an early frontal and late
parietal old/new effect were predicted for adufisr full-term children, a parietal
old/new effect was predicted. However, on the bafsishe mixed pattern of
results concerning the ERP correlate of familiantystandard item recognition
tasks, no specific predictions were made regarthegfrontal old/new effect for

full-term children in this condition.

6.3 Methods

Participants

Twenty-six full-term born children and 26 young ddwarticipated in the
study. Five adults and eight full-term children hadbe excluded from further
analyses due to a too low number of artifact-fré&PHrials that resulted of a
combination of low performance levels and excessngvement artifacts. One
adult was excluded because of technical problemsgiuecording. The age and
gender distributions within each group were asofedi: 8- to 10-year-old full-
term children (mean age = 9.12 + 0.90; 9 girls; fehanded) and 19- to 27-
year-old young adults (mean age = 22.05 * 2.52yd®en; all right-handed). All
participants were native German speakers and egpthiemselves to be in good
health. The children were recruited from schoolsS@arbriicken and in the
immediate vicinity. Young adults were undergraduatedents at Saarland
University, who either received course credit oravpaid for their participation
(€ 8.00/hr). Informed consent was obtained fromadlilt participants and parents

of all children. In addition, the children signeskant forms.

Stimuli

The experimental stimuli were selected from a @owersion of the

Snodgrass and Vanderwart line drawings (Rossiom@rteis, 2004). In total, 240
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colored line drawings of common objects and animatse selected that were
divided into two blocks of 120 items each. Of tf2® Dictures in a block, 60 were
randomly assigned to the study phase, whereagthaiming 60 were assigned as
new items to the test phase. The order of pictwigsn a block was randomized
separately for each participant. The assignmemicttires to old/new status and
experimental block was balanced across subjectstheqgoractice lists, additional

30 pictures from a database from Becker, Kipp, Medklinger (2009) were used.

Procedure

Participants were seated in a comfortable chatruinout the experiment.
The stimuli were presented in central vision onoenputer monitor. The whole
session lasted approximately 2 1/2 hr, includingirge up the EEG cap. The
experiment consisted of two study-test cycles, fon¢he speeded and one for the
nonspeeded condition. As it was assumed that itdvoel more difficult to change
from nonspeeded to speeded response requirementsitieaversa and to control
for interindividual variability in changing the m@snse procedure, the study-test
cycle for the speeded condition was always perfdrfirst.

Each cycle included a study phase, a retenti@mniat, and a test phase. In
both cycles, participants responded by using twitohsg, one for each hand, with
response hands counterbalanced across participat8cipants were given a
practice block with 10 study and 20 test trials ésfaml test block) or 5 study and
10 test trials (nonspeeded test block) before saathy-test cycle. Generally, the
subjects performed the practice blocks once, boasionally the practice block
preceding the first study-test cycle had to be aigubto ensure that the subjects
understood the task instructions. In both studyspbathe subjects viewed 60
pictures that were presented consecutively and wsteucted to memorize the
picture and to make an indoor/outdoor judgment i@gging a corresponding key.
Each picture was presented for 1000 msec, precbyea fixation cross (400
msec). After a fixed intertrial interval of 1400 ets the next fixation cross
appeared. Relative to two age-matched norm santpkesange of percent correct
indoor/outdoor judgments was 0.48 to 0.90 for adald 0.34 to 0.85 for full-
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term children. By this, task performance in the gtpldases was highly similar for
both group€.

There was a retention interval of one minute betwthe study and the test
phase. During this retention interval, the subjebtsl to perform an easy
arithmetic task. The children had to count backwardteps of two from a given
number between 18 and 20. The adults had to caackward in steps of seven
from a number between 400 and 600.

In each of the two test phases, the subjects deamtal of 120 pictures
(50% old) and were instructed to make old/new radomn decisions. A test trial
began with a fixation cross (500 msec), followedthy critical picture presented
for either 750 msec (adults) or 1050 msec (childrém}the speeded condition,
subjects were instructed to give their old—new oesps during picture
presentation (maximal response time = 750 and 1l@S@c for adults and
children, respectively). Different response deadlimneere used for children and
adults to account for the generally slower processpeed of children (Picton &
Taylor, 2007). In fact, a pilot study revealed thader nonspeeded conditions,
recognition judgments for the stimulus materialsdum this study took about 300
msec longer for children than for adults. If thespense was given after the
presentation of the picture, subjects were informledut their time-out response
by means of a brief sound, and the trial was daszafrom analysis. If a response
was given in time, a feedback stimulus (smiley mwh face) was presented
indicating whether the correct or incorrect resgomgd been given. In the
nonspeeded condition, subjects were given unlimitede to respond.
Immediately after the response, the feedback stimmuwas presented. The
intertrial interval was 2000 msec in both test kbcSubjects were given a break

every 15 trials in both test blocks. To ensure thatchildren had understood the

2 To examine whether performance in the indoor/onitdadgment task was comparable across
groups, an additional analysis was performed, iickwvthe range of correct judgments relative to
an age-matched norm sample (n = 10) was calcutathydfor those objects with high across-rater
agreement in the norm samples of both age grougs (maffic light, cake). For these items with

high interrater agreement, the percentage of cojudgments were 0.79% and 0.86% for children
and adults, respectively, and by this, well abolvance and not significantly different from each
other. In this analysis, the ranges of the perggniat correct judgments were 0.49-0.97% for
adults and 0.58-0.93% for children. This means ftiathose items that can unambiguously be
classified as indoor or outdoor in the respectika@up, there is no across-group difference in the
percent correct judgments. By this, it could beatated that both groups encoded the stimuli in a
highly similar way.
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procedure, they were asked to explain the insvodid the experimenter in their
own words before each block and were correcteddéssary.

EEG Recording

EEG was recorded continuously with a sampling cdt@50 Hz with 27
Ag/AgCI electrodes from the following sites (adapteom the standard 10-20
system): FP1, FP2, F7, F3, FZ, F4, F8, FC5, FCZ,C4, FC6, T7, C3, CZ,
C4, T8, CP3, CPZ, CP4, P7, P3, PZ, P4, P8, O1(éhdrhe left mastoid served
as an on-line reference, and all EEG electrodeg nareferenced off-line to the
algebraic mean of both mastoids. The vertical EC&3 wecorded bipolar from
additional electrodes placed on the supraorbitaliafndorbital ridges of the right
eye. Horizontal EOG was recorded bipolar from etetdés placed on the outer
canthi of the two eyes. Electrode impedance was likelpw 5 K2. EEG and EOG
were recorded continuously and were A-D convertét W6-bit resolution at a
sampling rate of 250 Hz. Off-line data processimgplved low-pass filtering at
30 Hz and high-pass filtering at 0.2 Hz. Beforerageng, each recording epoch
was manually scanned for artifacts. Trials contegreye movement artifacts were
corrected off-line using a modified version of tGeatton, Coles, and Donchin
(1983) regression procedure. Trials were epocheédbaseline corrected off-line
with a 200-msec prestimulus period. The duratiothefpoststimulus period was
900 msec for the speeded and 1200 msec for th@eedsd condition.

For each group, ERPs were averaged to correatgreézed old (Hits) and
new items (Correct Rejections; CRs) for both respamnditions. For adults, the
mean trial numbers (range) in the speeded tesk bblece 38 (24-52) for Hits and
38 (23-55) for CRs. The corresponding numbers Hier nonspeeded test block
were 43 (34-51) and 43 (33-53), respectively. Far thildren, the mean trial
numbers (range) in the speeded test block wer& 2-4(@) for Hits and 27 (17-45)
for CRs. In the nonspeeded test block, the corredipg numbers were 28 (18-
37) and 28 (20-42), respectively. Post hoests for independent samples indicate
that children contributed fewer trials than youmylés, but the mean number of
trials for each condition was large enough to meva sufficiently high signal-to-

noise ratio for the analysis of the ERP effectmtdrest in both age groups.
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Data Analyses

SPSS 17.0 statistical package was used for allysesl Memory
accuracy was analyzed by means of the discriminatidex (Pr), that is, hit rates
minus false alarm rates (Snodgrass & Corwin, 1988he speeded test block, all
trials with time-out responses or in which no regmwas given were discarded
from analysis. Also, in both response conditiong)g with response times faster
than 200 msec were discarded. Response bias (Br)calaulated according to
Snodgrass and Corwin (1988) as Br = false alarfhst).

For statistical analysis of the ERP data, ninetedeles over left, midline,
and right frontal (F3, Fz, F4), central (C3, Cz, Ca)d parietal regions (P3, Pz,
P4) were used. These recording sites were selast#ttky cover scalp regions on
the anterior—posterior and the laterality dimensibwhich old/new effects can be
reliable recorded. To quantify the mid-frontal gatietal old/new effects, mean
amplitude measures were calculated in early (300rd&€c for children and 250-
400 msec for adults) and late (600-750 msec fddidn and 500-650 msec for
adults) time windows in both response conditionse Belection of these time
windows was based on visual inspection of the wawe$. They were adapted to
capture the effects of interest where it was largesach age group.

ANOVAs with the factors Item Type (Hits, CRs), Anbr—Posterior
(frontal, central, parietal), Laterality (left, ntige, right), Response Condition
(speeded vs. nonspeeded), and Group (full-ternadrem| adults) were conducted
separately for each time window. Interactions immaj the Group, the Response
Condition, or the Item Type factor were then folemsup in separate group- and
response-condition-specific ANOVAs. Whenever appaip, the Greenhouse—
Geisser correction for nonsphericity (Greenhousés@&isser, 1959) was used.
Correctedp values are reported along with uncorrected degodefeedom.
Treatment magnitudeaf) (Tabachnick & Fidell, 2007) were calculated ttwal
an assessment of effect sizes across electrode Bibe reasons of clarity, only
effects involving the factors Item Type, Group, Response Condition are
reported.
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6.4 Results

Behavioral Data

Memory accuracy, response bias, and response foné®th groups and
response conditions are illustrated in Table 5. Mignperformance was high in
both groups (performance did exceed chance perfar@)and the mean number
of time-out responses in the speeded condition igtdy similar across groups
(0.45, range = 0-3, and 1.1, range = 0-3, for adaltd full-term children,
respectively). The mean number of trials with resmgotimes faster than 200 msec
in the speeded condition was also highly similanss groups (0.00, range = 0,
and 0.22, range = 0-2, for adults and full-termldten, respectively). An
ANOVA with the factors Group and Response Conditmerformed for the
discrimination index Pr revealed main effects ob@r, F(1, 36) = 14.40p <
.010, and Response Conditi¢f(l, 36) = 72.19p < .001, indicating that memory
accuracy was higher for adults than for children alsgd for the nonspeeded than
the speeded response condition. For responsethbe@asyo-way ANOVA did not
reveal significant result$-(values < 1), indicating that both groups usecdalar
response criterion that also was not modulatedhbydsponse conditions.

For mean response times, an ANOVA with the fac@®rsup, Item Type
(Hits, CRs), and Response Condition revealed reliaffects of GroupF(1, 36)
= 29.86,p < .001, and Response Conditidr(l, 36) = 96.49p < .001. As
expected, adults responded faster than childrenbatid groups took more time
for responding in the nonspeeded than in the sjgeeal&dition.

Taken together, in showing higher memory accurfacyadults than for
children, the present results are consistent wiibr peports of age differences in
item recognition memory tasks (Czernochowski et26105; Ghetti and Angelini,
2008; Naus & Ornstein, 1977). They also show thm tesponse condition
manipulation was successful and comparable acnmagpg, that is, both groups
responded slower and more accurate in the nonspdbda that in the speeded

response condition.
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Table 5: Mean reaction times (RTs) in millisecofatscorrectly recognized old and new
pictures, proportions of Hits and Correct RejecBofCRs), discrimination index (Pr),

and response bias (Br) for each group in the speeated nonspeeded condition. The
standard errors of the means are given in parerghes

Children Adults
(N =18) (N = 20)

RT Speeded

Hits 740 (14) 568 (7)

CRs 747 (10) 565 (5)
RT Nonspeeded

Hits 1276 (104) 905 (42)

CRs 1265 (72) 971 (49)
Proportion Hits

Speeded 0.71 (0.03) 0.79 (0.02)

Nonspeeded 0.82 (0.03) 0.92 (0.01)
Proportion CRs

Speeded 0.78 (0.03) 0.84 (0.02)

Nonspeeded 0.87 (0.02) 0.92 (0.01)
Performance Estimate (Pr)

Speeded 0.49 (0.04) 0.63 (0.03)

Nonspeeded 0.68 (0.04) 0.84 (0.02)
Bias Estimate (Br)

Speeded 0.44 (0.03) 0.44 (0.03)

Nonspeeded 0.39 (0.04) 0.45 (0.05)
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ERP Data

The grand mean ERP waveforms, separately for gaemlp and response
condition at three midline electrodes, are dispilayeFigure 9. Figure 10 shows
the scalp topographies of the mean amplitude meador early and late ERP
effects in each group and response condition.

In the speeded condition, both groups showed aly e&d/new effect
between 250 and 450 msec with a mid-frontal distibufor adults and a left
frontal scalp distribution for childrehThis effect reached its maximum slightly
earlier in adults than in children. In the late ¢imvindows (500-650 and 600-750
msec for adults and children, respectively), noigtar old/new effect was
obtained for adults, albeit for children a lateeeff characterized by a larger
positivity for old than new pictures seemed to ayeeat parietal recording sites.
In the nonspeeded condition, adults showed a taypbgrally widespread early
old/new effect, followed by a late old/new effedtiwa centro-parietal maximum.
Conversely, for children, only a parietal old/neffieet was obtained that started
at around 400 msec but reached its maximum at ar@@ddmsec at parietal
recording sites. These observations were confirfagda series of statistical

analyse$.

3 It appears that there were also earlier old/ndferdinces at around 100 msec present in both age
groups in the speeded condition. However, thescisffwere not reliable in neither group when
old/new differences were analyzed with mean anghditneasures between 100 and 250 msec.

* An additional statistical analysis was performesing the same time windows for the
quantification of the early (300 to 450 msec) aat I(500 to 650 msec) effects in both groups.
These time windows were comparable with other dgrabntal ERP studies (Cycowicz et al.,
2003; Czernochowski et al., 2005). All effects ahe pairwise comparisons from the initial
analysis were replicated. The only difference betwboth analyses was that the Item Type x
Anterior/Posterior x Laterality interaction for tlhte time interval for the children group in the
speeded condition reached significange<(.010), as did the Item Type effect at @z<(.050) in
the follow-up analysis. An additional topographiofile analysis on rescaled old/new differences
revealed that this weak late effect (500-650 mseth)e speeded condition differed in topography
from the early (300 to 450 msec) effect in the speleconditionf < .020) and from the late effect
in the nonspeeded conditiop € .010).
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A Children B Adults
Speeded response condition Nonspeeded response condition Speeded response condition Nonspeeded response condition
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Figure 9: Grand mean ERPs elicited during the itermory task in the speeded and nonspeeded respamdition for children (A) and adults (B).
Correct Rejections of new items are depicted inydinaes and Hits are depicted in black lines. Nttte different amplitude scaling in both groups
(adopted from Mecklinger et al., 2011).
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Early Time Window (Children, 300-450 msec; AdW®&)-400 msec)

For the early time window, the ANOVA with the facs Group, Item
Type, Anterior/Posterior, Laterality, and ResporSendition revealed main
effects of Item Typel(1, 36) = 33.39p < .001, and Groug;(1, 36) = 83.62p <
.001. In addition, interactions among Response @iondand GroupF(1, 36) =
9.03,p < .010, among Item Type, Anterior/Posterior, anesponse Condition,
F(2, 72) = 574,p < .020, and among Response Condition, Group,
Anterior/Posterior, and Laterality5(4, 144) = 3.19p < .020, were obtained.
These interactions indicate that the early old/ijk@m Type) effect differed as a
function of group in both the response conditiond ¢he recording sites. They
were followed-up in response condition and grougeffir analyses.

In the speeded condition, for adults, an ANOVAhathe factors Item
Type, Anterior/Posterior, and Laterality revealededfect of Item Typel(1, 19)
=17.19,p < .010, and an interaction of Item Type and AtéRosteriorf(2, 38)
= 7.10,p < .020. The interaction reflects the fact that daely old/new effect,
although significant at frontal, central, and pealieelectrodes, was larger at
frontal (,° = .471) and centrahf’ = .464) than at parietal electrodeg’(= .328).
For children, there also was an effect of Item Ty{&, 17) = 8.87p < .010, that
was embedded in a marginally significant Item Typleaterality interactionf(2,
34) = 3.69,p = .061. Follow-up analyses revealed that the eld/reffect was
stronger at midline electrodeﬁp;( = .410) compared with Ieft-sidedpf =.339)
and right-sided electrodes,{ = .110).

In the nonspeeded condition, for adults, the thvag ANOVA revealed
an effect of Item Typel(1, 19) = 8.44p < .010, and a three-way interaction
between Item Type, Anterior/Posterior, and Latéyak(4, 76) = 3.79p < .030.
The interaction reflects the fact that the early/méw effect, although significant
at all nine electrodes, was largest at ﬁﬁf € 0.313) and Pzn(,2 = 0.343). For
children, there was neither an effect of item tyyge any interactions involving
this factor p values > .150).

To summarize, consistent with the prediction, ERP effects in the early
time window in the speeded condition were highiyikar for children and adults,
in that both groups showed an early frontally fexu®ld/new effect, the ERP
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correlate of familiarity. In the nonspeeded comdhifithe ERP pattern in the early
time interval differed as a function of group. Fadults, a broadly distributed,
albeit right-frontally focused early old/new effedhdexing familiarity, was
obtained. Conversely, for children, no early ERfRedeénces between old and new
items were found. This latter result is consisterih other studies that did not
find mid-frontal old/new effects for children inastdard item recognition memory
tasks (Hepworth et al., 2001; Shamdeen et al., 2008

Speeded condition Children Adults

Early old/new effect

+6.0
gy
-6.0
Late old/inew effect
0.600 .. 0.750 sec 0,500 .. 0.650 sec
Nonspeeded condition Children Adults

Early old/new effect

+6.0

Late old/inew effect

0.600 .. 0.750 sec 0.500 .. 0.650 sec

Figure 10: Scalp topographies of the early and lal#/new effects (new minus old) for
children and adults in the speeded and nonspeededition (adopted from Mecklinger
etal., 2011).



Study 2 81

Late Time Window (Children, 600-750 msec; Aduli§-650 msec)

In the late time window, the initial five-way ANGV revealed main
effects of Item TypeF(1, 36) = 12.03p < .010, and Response Conditid#(1,
36) = 27.80,p < .001, that were embedded in interactions amorgpBnse
Condition and Groupk(1, 36) = 17.11p < .001, Item Type, Anterior/Posterior,
and Group,F(2, 72) = 3.89,p < .030, and Item Type, Anterior/Posterior,
Response Condition, and Group(2, 72) = 3.56,p < .040. These interactions
suggest that for the late time window, the itemetyjld/new) effects were
modulated by response condition, group, and reogrdiites, and follow-up
analyses were performed to further elucidate tivgseactions.

Consistent with the prediction that recollectiooed not contribute to
recognition memory when the response deadline astested, in the speeded
condition for adults there was neither an effecttein Type nor any interaction
involving the Item Type factop(values > .06). For children, there was a marginal
significant interaction of Item Type, Anterior/Pesbr, and Lateralityf~(4, 68) =
2.92,p = .062. Follow-up analyses revealed that the @dws new differences
did not reach the significance at any electrode (givalues > .17).

In the nonspeeded condition, for adults, there avasain effect of Item
Type, F(1, 19) = 13.86p < .010. Effect size analyses performed for frgntal
central, and parietal recording sites revealed tthatold/new effect was stronger
at parietal ,” = .484) than at centraih{ = .399) and frontalr,” = .296)
recording sites. For children, an Item Type x AltéPosterior interactionk(2,
34) = 8.89,p < .010, was found. Further analyses revealed dmel effect at
parietal, F(1, 17) = 12.89p < .010,11'02 = .431, but not at centrap = .243) or
frontal sites | = .428).

To summarize, as predicted, no ERP correlate adllextion was found
for adults when recognition decisions were givethva response deadline. For
children, a marginally significant triple interamti was found, but the differences
between old and new responses did not reach signide at neither recording site
in the late time interval. Also, consistent witte thredictions, without response
deadline both groups showed a parietally accerduaténew effect, the correlate
of recollective processing.
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Topographic profile analyses:or adults in the nonspeeded condition early and
late old/new effects, the putative correlates ahifirity and recollection were
obtained. A topographic profile analysis was perfed to assess if different
neurocognitive systems support the putative ERPeladies of familiarity and
recollection. If the scalp distributions of botHeslts differ after the data have
been rescaled to remove overall amplitude diffegsracross conditions, it can be
inferred that qualitatively different neural systeend by this different cognitive
processes (McCarthy & Wood, 1985; Wilding, 200@® angaged in the early and
late time windows. The rescaled new minus old diffiee waveforms in the early
and late time window were analyzed using the wledéetrode montage of 27
electrodes. The ANOVA with factors Time Window (2800 vs. 500-650 msec)
and Electrode (27) revealed a marginally significefectrodesxTime Window
interaction,F(26, 494) = 1.43p < .079. This result tentatively verifies the disti
topographies of both effects and supports the uieat differential cognitive

processes underlie the putative ERP correlateanoiliirity and recollection.
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6.5 Discussion

Study 2 was designed to delineate the normativegsses that underlie
episodic memory retrieval in full-term children edrly school-age to provide a
template for the investigation of the ERP corredaiefamiliarity and recollection
in preterm children. It was investigated whethenid-frontal old/new effect, the
putative ERP correlate of familiarity, can be retmat from full-term born children
at early school-age and from an adult control grander a speeded response
condition that encourages familiarity-based remeampge and diminishes
recollective processing. Furthermore, it was exgdowhether the ERP correlates
of familiarity and recollection show similar devefopntal changes. In order to do
so, eight- to ten-year-old full-term children andulis performed a picture
recognition memory task in a speeded and a nonsgesgsponse condition.
Group-specific response deadlines were used to atéouthe generally slower
processing speed of school-age children (de Rileaui 2002). Although
recognition memory accuracy was lower in full-techildren as compared with
the adult group, irrespective of response condititie ERPs showed similar
old/new effects for children and for adults. In thigeeded response condition,
both groups showed an early frontal old/new effda, putative ERP correlate of
familiarity. No parietal old/new effect, the putadiERP correlate of recollection,
was obtained in the speeded condition in eitheugron the nonspeeded
condition, both groups showed the parietal old/e#ect, and a frontal effect was
additionally observed for adults.

In the behavioral data, it was found that respdnses were faster and
memory accuracy lower in the speeded compared tdmspeeded response
condition for both groups. Consistent with othemtrecognition memory studies,
memory performance was higher for adults than foideen (Cycowicz,
Friedman, & Snodgrass, 2001; Cycowicz et al., 200Zzernochowski et al.,
2005). Notably, as apparent from Table 5, memoouxcy (Pr) in the speeded
condition relative to the nonspeeded condition Wagered to 72% and 75% in
the children and adult group, respectively, sugggsthat the effects of the
response deadline manipulation were highly comparalkoss groups on the

behavioral level. Additionally, since there weredifferential effects of response
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conditions on setting the decision criterion (reggobias), there seem to be no
differential decision strategies in both responsaddions. Participants in both
groups seemed rather to base their recognitiompedds in the speeded condition
on familiarity and attenuated recollection-basethembering. This view is
supported by a recent study with a patient withreumscribed lesion to the left
anterior temporal lobe (Bowles et al., 2007). Icadance with the view that
anterior temporal lobe structures are criticallyalved in familiarity processing,
this patient showed a consistent pattern of impafeeniliarity and preserved
recollection across a variety of tasks. Most ngtabks one would expect if a
speeded response condition fosters familiarity-thasemembering, this patient
was strongly affected in making recognition judgitseander a short response
deadline but showed normal performance with a siaeadline.

The analyses of the ERP results in the early tivimelow revealed that
both, children and adults, showed an early old/effect in the speeded response
condition. On the basis of its high resemblancehwite mid-frontal old/new
effect reported in other studies (Jager, MecklingerKipp, 2006; Opitz &
Cornell, 2006; Rugg & Curran, 2007), this effectswaken as the ERP correlate
of familiarity. As the mid-frontal old/new effectag found with a generally
agreed on and empirically well-supported operatideéinition of familiarity, this
provides further evidence for the functional sigrdhce of this effect and
converging evidence for the dual-process view obgaition memory. Therefore,
the observation that the mid-frontal old/new effeeis found in 8- to 10-year-old
full-term children and was highly similar in its niporal and topographic
characteristics to the corresponding effect in tsdaliggests that familiarity is
available for recognition judgments at early schage under specific
circumstances. Furthermore, this is consistent wather studies using the
remember/know procedure (Billingsley et al., 200ROC analyses (Ghetti and
Angelini, 2008), which showed that there is onlyainage-related change in
familiarity after the age of eight years, and tHamiliarity is immune to
development after that age.

Nevertheless, it remains to be discussed, whymaliéity correlate was

found for children in the present study but nofarmer ERP studies. A variety of
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previous children studies did not explicitly addrélse question of whether ERP
old/new effects were independently sensitive to iffanty and recollection
(Hepworth et al.,, 2001; Marshall et al., 2002) oaymhave used operational
definitions that did not capitalize on the differéetporal dynamics of familiarity
and recollection. By this, these studies were moisgive enough to dissociate
familiarity and recollection as for example theigat of the process dissociation
procedure employed by Czernochowski et al. (2008he source memory task
used by Cycowicz et al. (2003). In a similar veran Strien et al. (2009) used
highly familiar words that were shown six timesaircontinuous recognition task
so that because of a combination of high presematate and high lexical
frequency of the words, familiarity may not haveebediagnostic for the
children’s recognition judgments (Stenberg et2008).

To test the idea that recollection plays a neblairole when speeded
recognition judgments have to be given (Boldiniaét 2004; Boldini, Russo,
Punia, & Avons, 2007), a late time window was exadi For adults, no parietal
old/new effect was obtained, suggesting that thkientce of recollection was
minimized by the speeded response deadline. Fddrehj there also was no
difference between old and new items in the lateetinterval. However, an
old/new difference with a maximum at Cz emergedenvthe same time interval
(500-650 msec) as for the adults was used for tlaatification of the children’s
late effect This suggests that this effect is subtle, resicto a small time
interval, and not reliable when the time window wadapted to adequately
capture the late effects in the children ERPs, (660-750 msec). Notably, the
scalp topography of this late effect between 50 &0 msec was different from
the early effect in the speeded condition and #ite Iparietal effect in the
nonspeeded condition, indicating that it reflectsiter delayed familiarity
processing nor recollective processing. Other stidnave identified ERP
differences between old and new items at posteites in this time range with
implicit memory (Groh-Bordin, Zimmer, & Mecklinger,2005; Nessler,
Mecklinger, & Penney, 2005; Rugg et al., 1998). ldwer, given the transient and
subtle character of this effect and the observatiat it was statistically not

reliable when group-specific time windows were u$adits quantifications, as
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yet no firm conclusions on the functional significea of this effect can be drawn.
Further empirical data are required to disentarigke processing mechanisms
reflected in these late and subtle old/new diffeesria children.

Although the early ERP signatures were highly Emfor both groups in
the speeded condition, group differences emergetiannonspeeded condition.
The adult group showed a mid-frontal old/new effémtowed by a widely
distributed but parietally focused late old/neweeff an ERP pattern that is
frequently found in standard item recognition meyrask with young adults (see
Friedman & Johnson, 2000, for a review; see aldwadsson, Mecklinger, &
Treese, 2004). As in addition the topographic pecdinalysis provides tentative
support for qualitative differences in the scalpdgraphy of both effects, this
pattern of results could be taken to reflect thathbprocesses, familiarity and
recollection, play a role when making recognitiadgments with or without low
temporal constraints. For full-term children, thevas no mid-frontal old/new
effect, replicating former studies that did notdfithis effect when nonsensitive
operational definitions of familiarity were applie®ather, the children group
showed a clear parietally focused late old/new ceff@his effect replicates a
variety of earlier ERP studies, which showed th¢ tERP correlate of
recollection can reliably be recorded startingaatyeschool-age (Cycowicz et al.,
2003; Czernochowski et al., 2005; de Chastelainedfman, & Cycowicz, 2007;
Friedman et al., 2010; Hepworth et al., 2001; vares et al., 2009) and implies
that recollection is fully developed by the agesight years.

To conclude, the present findings provide evidetied an early mid-
frontal old/new effect, the putative ERP correlatdamiliarity, can be recorded
from full-term children under experimental conditsowhere the participants are
forced to make old/new decisions quickly, and,umt recollection is hindered.
This suggests that familiarity is available for aguoition judgments at early
school age under specific circumstances. Furthegmdr was shown that
familiarity and recollection are functionally distit in both full-term children and
adults. Although recognition memory accuracy waseloim full-term children as
compared with the adult group, irrespective of raspgocondition, the differential

contribution of familiarity in the speeded resporeadition and recollection in
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the nonspeeded response condition is highly simtapss groups. This suggests
that the episodic memory network used by full-texinidren at early school-age
does not qualitatively differ from that used by dslublthough it might still be
less matured.
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7 Study 3

Preterm Birth and its Impact on the Development of the Two

Processes of Recognition Memory

7.1 Background and Resear ch Question

Study 2 showed that an early mid-frontal old/ndfgat, the putative ERP
correlate of familiarity, can be obtained in fudtn children at early school-age
under a speeded response condition. In additiamgyS2 found that full-term
children show the late parietal old/new effect, fheative ERP correlate of
recollection, in a nonspeeded response conditiontthérmore, Study 1
demonstrated that although preterm children showedliced hippocampal
volumes relative to full-term controls, episodic may performance was not
impaired. Additionally, in full-term but not in perm children, hippocampal
volume was positively correlated with episodic meynoreasures (i.e., delayed
recall performance of the Rey-Osterrieth CompleguFé and memory accuracy
in the nonspeeded response condition of the rettogrexperiment). As the latter
findings suggest that preterm children at earlyostlage recruit a neural network
for episodic memory that differs from the one ud$sdfull-term children, the
present study focuses on the developmental trajestof the ERP correlates of
familiarity and recollection in preterm children ttvi uncomplicated neonatal
courses compared to the full-term control grougsafdy 2. Specifically, it was
investigated whether prematurity affects the ERPretate of recollection,
whereas the ERP correlate of familiarity should eaffected. So far, this
guestion has not been paid attention to in otheties. Based on studies reporting
reduced functioning of the hippocampus in pretendividuals (Giménez et al.,
2004, 2005; Isaacs et al., 2000; Nosarti et ab22®eterson et al., 2000), it can
be hypothesized that hippocampal recollective msiog is reduced in preterm
children compared to full-term controls. By contrathe available evidence
suggesting that familiarity-based processes ar@atgd by extra-hippocampal

brain regions allows for the possibility that faiaity processing is less or not
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affected by prematurity (Rose et al., 2011). Imguatty, because of potential
compensatory mechanisms in the brains of preternivithails, recognition
memory performance should be unimpaired (Curted.e2006; Narberhaus et al.,
2009; see also Study 1). To examine these hypathtse same procedure with a
speeded and nonspeeded response condition asdg Stwas administered to
preterm children with uncomplicated neonatal cosirse

As described in the general introduction of thespnt thesis, the GA at
birth seems to be important for brain developm®&avis et al., 2011). Hence, it
was of additional interest whether the degree dnaturity (i.e., GA) is
associated with the extent of modulation in the akwystems of preterm
individuals. To elucidate the relationship betweye GA at birth and the
magnitude of the ERP correlates of familiarity aedollection, the GA of the
preterm children was correlated with the magnitofitne putative ERP correlates
of familiarity and recollection.

Taken together, Study 3 expected to reveal thgpduampal damage in
preterm children selectively affects recollectiorsdxh processes but not the
recognition memory performance, thus reflecting umctional compensation

within the brains of preterm children.

7.2 Hypotheses

In keeping with the logic of the data interpregatiin Study 2, it was
expected that if recognition memory performanceedels more on familiarity
than on recollection in the speeded response dondiperformance for the
preterm children should be lower than that in tbespeeded response condition.
Accordingly, for the nonspeeded response conditicggognition memory
performance should be higher than in the speededittan because recognition
depends on both recollection and familiarity.

Regarding the neural correlates elicited in theedpd and nonspeeded
condition, the following predictions were made: &ivselective hippocampal
compromise in preterm children at early school-agesuggested by the findings
by Nosarti et al. (2002) or Peterson et al. (2000yas predicted that in the



Study 3 90

speeded response condition preterm children shovedahee ERP pattern as the
full-term control group of Study 2, that is, anlganid-frontally focused old/new

effect, but no parietal effect should be presemtthe nonspeeded condition, for
preterm children, a reduced late parietal old/néece as compared to the full-
term control group was expected. On the basis efntixed pattern of results
regarding the ERP correlate of familiarity in stard@aem recognition tasks, no
specific predictions were made regarding the frioald/new effect for preterm

children in the nonspeeded response condition.

If the degree of prematurity is associated witldused recollective
processing, the GA of the preterm children shoulditp@ly correlate with the
magnitude of the ERP correlate of recollection e thonspeeded response
condition. With regard to the relationship betwdlea GA and the magnitude of
the ERP correlate of familiarity in the speededooese condition, a negative
correlation was predicted, supporting the view thdhin the brains of preterm
children reduced recollective processing is comgiaas by familiarity-based
processes. Moreover, if a compensatory mechanisstsér the brains of preterm
children, it was expected that the magnitude ofER# correlate of recollection
in the nonspeeded condition should be negativetyetaied with the magnitude
of the ERP correlate of familiarity in the speedesponse condition.

7.3 Methods

Participants

Twenty-four preterm children participated in thiady. The children were
recruited from archives of the Department of Peitistand Neonatology at the
university hospital in Homburg. Inclusion critefar this study were the same as
in Study 1. Four preterm children had to be exdufilem further analyses due to
an insufficient number of artifact-free ERP trithhat resulted from a combination
of low performance levels and excessive movemetifaets. Two preterm
children were excluded because of technical probléuaning recording. The mean
GA of the remaining 18 preterm children was 30.@&ks (range: 26-33) and the
mean BW was 1252.22 g (range: 880-1540). The cdmadeage (corrected to 40
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weeks gestation) and gender distribution was dewst seven to ten years old
(mean age = 8.99, range: 7;10-10;07; 10 femalep Jubjects were left-handed.
The SES was determined according to Ganzeboom €912). The mean value
was 54.56 (range: 31-77).

The 18 children of Study 2 served as a full-ternrmbazntrol group (mean
corrected age = 8.88, range: 8;00-10;11; 9 fenwale left-handed). The mean GA
of the controls was 39.67 weeks (range: 38-42)thadnean BW was 3312.78 g
(range: 1950-4400). The mean value of the SES wWa306(range: 37-88) and
thus significantly higher than in the preterm grot(34) = -2.03,p = .05. To
control for confounding influences of this facton dalifferences in memory
variables and ERP old/new effects between pretenoh fall-term children,
additional ANCOVAs with SES as a covariate wergiedrout in cases of group
differences in any of the analyses.

The children received € 8.00/hour for participatickdditionally, the
parents of all children received € 12.00 for trémgl expenses. The study was
approved by the Ethics Committee of the Saarlandiééé¢ Association (ID No.
151/07) and all children and parents gave writteformed consent. All
participants were native German speakers and exptinemselves to be in good
health.

Stimuli, Design, and Procedure

The experimental stimuli, design, and procedureevexactly the same as
in Study 2. Each subject performed two study-tgstes, one with a speeded and
one with a nonspeeded response condition. In btoitly phases, pictures were
presented consecutively on a computer screen aj@cssi were instructed to
make an indoor/outdoor judgment by pressing a spoeding key and to
memorize the picture. Relative to an age-matchednngample, the range of
percent correct indoor/outdoor judgments was 0048.87 for preterm children
and 0.34 to 0.85 for control children. By this, kigserformance in the study
phases was highly similar for both groups. Afteresention interval of one
minute, the test phase followed. In each of the te&t phases, old and new
pictures were presented and subjects were instriotenake old/new recognition



Study 3 92

decisions by pressing a corresponding key. In ffeeded response condition,
subjects were instructed to give their old—new oesps during picture
presentation (maximal response time = 1050 msacihd nonspeeded response

condition, subjects were given unlimited time tspgend.

EEG Recording

EEG recording was also exactly the same as in Sfudyrials were
epoched and baseline corrected off-line with a 28@c prestimulus period. The
duration of the poststimulus period was 900 msedHerspeeded and 1200 msec
for the nonspeeded condition.

For each group, ERPs were averaged to correatbgrezed old (Hits) and
new items (CRs) for both response conditions. Fetepm children, the mean
trial numbers (range) in the speeded test bloclkev@ér (19-36) for Hits and 25
(19-36) for CRs. In the nonspeeded response congibne preterm child reached
insufficient trial numbers (Hits: 15; CRs: 8) anasvexcluded from the analysis
of the nonspeeded response condition. For the nemgall 7 preterm children the
mean trial numbers (range) in the nonspeeded tesk bere 27 (17-38) for Hits
and 28 (18-40) for CRs. For the full-term childréme mean trial numbers (range)
in the speeded test block were 27 (17-40) for Hiitd 27 (17-45) for CRs. In the
nonspeeded test block, the corresponding numbers 2& (18-37) and 28 (20-
42), respectively. In both groups, the numberiaidrused for ERP averaging was
in the range used in previous developmental ERResty@zernochowski et al.,
2005; Friedman et al., 2010) and was large enoogibtain equivalent signal-to-
noise ratio across conditions. Furthermore, post ftests for independent
samples indicate that both groups did not diffethieir mean number of trials for

each condition.

Data Analyses

SPSS 17.0 statistical package was used for allysesml Memory
accuracy was analyzed by means of the discriminatidex (Pr). In the speeded

test block, all trials with time-out responses looge in which no response was
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given were discarded from analysis. In additiorhath response conditions, trials
with response times faster than 200 msec wererdisdaResponse bias (Br) was
calculated according to Snodgrass and Corwin (1888Br = false alarms / (1-
Pr). RTs were measured separately for Hits and CR®xamine group effects,
repeated-measures ANOVAs with the factor Groupl-{&rin children, preterm
children) were conducted.

For statistical analysis of the ERP data, ninetedees over left, midline,
and right frontal (F3, Fz, F4), central (C3, Cz, Ca)d parietal regions (P3, Pz,
P4) were used. These recording sites were selast#ltky cover scalp regions on
the anterior—posterior and the laterality dimensibwhich old/new effects can be
reliably recorded. To quantify the mid-frontal aparietal old/new effects, mean
amplitude measures were calculated in early (300#56c) and late (600-750
msec) time windows in both response conditions. $ékection of these time
windows was based on visual inspection of the wawes.

ANOVAs with the factors Item Type (Hits, CRs), Anbr—Posterior
(frontal, central, parietal), Laterality (left, ntiige, right), Response Condition
(speeded vs. nonspeeded), and Group (full-terndrem| preterm children) were
conducted separately for each time window. Intéast involving the factor
Group, Response Condition, or Item Type were thaloved-up in separate
group- and response-condition-specific ANOVAs. Wéhar appropriate, the
Greenhouse—Geisser correction for nonsphericitgé@nouse & Geisser, 1959)
was used. Correctegd values are reported along with uncorrected degodées
freedom. Treatment magnitudempz(} (Tabachnick & Fidell, 2007) were
calculated to assess effect sizes across electitete For reasons of clarity, only
effects involving the factors Item Type, Group, Besponse Condition are
reported.

To control for confounding influences of SES offatences in memory
variables and ERP old/new effects between grougditianal ANCOVAS with
SES as a covariate were carried out.

Within the preterm group, the relationships of GA days) with the
magnitude of the ERP correlate of familiarity (otdnus new difference at the

electrode where the old/new effect is strongeghe early time window in the
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speeded response condition) and with the magniaidihe ERP correlate of
recollection (old minus new difference at the elede where the old/new effect is
strongest in the late time window in the nonspeedsgponse condition) were

examined by means of partial correlations (coritrglfor SES).

7.4 Results

Behavioral Data

Memory accuracy, response bias, and response fondke two groups
and response conditions are illustrated in TabM&nory performance was high
in both groups (performance did exceed chance pedioce) and the mean
number of time-out responses in the speeded condias highly similar across
groups (1.1, range: 0-3, and 0.89, range: 0-4fuiiterm and preterm children,
respectively). The mean number of trials with reggotimes faster than 200 msec
in the speeded condition was also highly similans€ groups (0.22, range = 0-2,
and 0.06, range = 0-1, for full-term and pretermidcan, respectively). An
ANOVA with the factors Group and Response Conditmerformed for the
discrimination index Pr revealed a main effect esponse Conditiork(1, 34) =
29.83,p < .001, indicating that both groups responded nameurately in the
nonspeeded than the speeded response conditionedpmmse bias, the two-way
ANOVA did not reveal any significant results yalues < 2p > .166), indicating
that both groups used a similar response crite¢hiahalso was not modulated by
the response conditions.

For mean response times, an ANOVA with the fac@®rsup, Item Type
(Hits, CRs), and Response Condition revealed a nediact of Response
Condition,F(1, 34) = 75.58p < .001. This result indicates that both groupsktoo
more time for responding in the nonspeeded tharthen speeded response
condition.

Taken together, the lack of group differences gmnmary accuracy in both
response conditions is consistent with prior repoftcomparable performance for
preterm and full-term children in episodic memoaghks (Curtis et al., 2006;
Narberhaus et al.,, 2009). The results also show tta response condition
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manipulation was successful and comparable acnasgg, that is, both groups
responded slower and more accurate in the nonspedéda in the speeded

response condition.

Table 6: Mean RTs in milliseconds for correctly aguized old and new pictures,
proportions of Hits and CRs, discrimination indé€x)( and response bias (Br) for each
group in the speeded and nonspeeded response ioondithe standard errors of the
means are given in parentheses.

Control Group Preterm Group

(N =18) (N =18)

RT Speeded

Hits 740 (14) 716 (11)

CRs 747 (10) 724 (14)
RT Nonspeeded

Hits 1276 (104) 1128 (72)

CRs 1265 (72) 1185 (79)
Proportion Hits

Speeded 0.71 (0.03) 0.72 (0.02)

Nonspeeded 0.82 (0.03) 0.80 (0.03)
Proportion CRs

Speeded 0.78 (0.03) 0.73 (0.03)

Nonspeeded 0.87 (0.02) 0.83 (0.03)
Performance Estimate (Pr)

Speeded 0.49 (0.04) 0.45 (0.05)

Nonspeeded 0.68 (0.04) 0.63 (0.06)
Bias Estimate (Br)

Speeded 0.44 (0.03) 0.46 (0.03)

Nonspeeded 0.39 (0.04) 0.45 (0.03)
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ERP Data

The grand mean ERP waveforms, separately for esmlpgand response
condition at three midline electrodes, are preskmd-igure 11. Figure 12 shows
the scalp topographies of the mean amplitude meador early and late ERP
effects in each group and response condition.

In the speeded condition, both groups showed aly e&d/new effect
between 300 and 450 msec with a left frontal schftribution for full-term
children and a mid-central distribution for pretechildren. In the late time
window (600-750 msec), no parietal old/new effea@swevident for preterm
children, albeit for full-term children a late efte characterized by a larger
positivity for old than new pictures, seemed to egaet parietal recording sites.

In the nonspeeded condition, for full-term childrenly a parietal old/new
effect was obtained that started at around 400 rbgeceached its maximum at
around 700 msec at parietal recording sites. Fetepn children, only an early
effect, characterized by a larger positivity fod dhan new pictures, seemed to
emerge at parietal recording sites. These obsenstvere confirmed by a series
of statistical analyses.
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A Control Group B Preterm Group

Speeded Response Condition Nonspeeded Response Condition Speeded Response Condition Nonspeeded Response Condition
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Figure 11: Grand mean ERPs elicited during the iteemory task in the speeded and nonspeeded respamdiion for full-term control children (A)
and preterm children (B). Correct Rejections of ritams are depicted in gray lines and Hits are diga in black lines.
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Early Time Window (300-450 msec)

For the early time window, the ANOVA with the factoGroup, Item
Type, Anterior/Posterior, Laterality, and ResporSendition revealed main
effects of Item TypeF(1, 33) = 19.12p < .001, and Response Conditidf(]1,
33) = 6.87,p < .020. In addition, an interaction among Item @&ynd Laterality,
F(2, 66) = 4.08p < .040, was obtained. This interaction indicatest the early
old/new (Item Type) effect differed as a functiorefording sites, irrespective of
group. As Study 2 revealed that in children thdyeald/new effect differed as a
function of response condition, response condisipeeific follow-up analyses
were performed across both groups.

In the speeded condition, the ANOVA with the fastdtem Type,
Anterior/Posterior, and Laterality across both gsougvealed an effect of Item
Type, F(1, 35) = 13.91p < .010, and an interaction of Item Type and Lditgra
F(2, 70) = 4.41p < .030. Follow-up analyses revealed that the old/eéect,
although significant at left-sided, midline, andght-sided electrodes, was
strongest at midline electrodeg,{ = .353) compared with left-sided, = .275)
and right-sided electrodes,{ = .123).

In the nonspeeded condition, the three-way ANO\¢oss both groups
revealed a marginally significant main effect anft Type,F(1, 34) = 3.31p =
.078, and a marginally significant interaction beén Item Type and
Anterior/Posteriorf(2, 68) = 3.60p = .055. The interaction reflects the fact that
the early old/new effect reach the significanceyosl parietal electrode® (<
.OlO,np2 = .205), while it was marginally significant at ¢ext electrodesp =
.081,n,° = .087).

To summarize, consistent with the prediction, ERP effects in the early
time window in the speeded condition were similar preterm and full-term
children. Both groups showed an early midline fecusold/new effect, the
putative ERP correlate of familiarity. In the noasged condition, across both
groups, a parietally distributed early old/new eff@as obtained. This latter result
is consistent with other studies that did not fmal-frontal old/new effects for

children in standard item recognition memory tadist rather found an early
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parietal old/new effect (Kipp et al., 2010; Spronetal., in press; van Strien et
al., 2009).

Speeded Condition Control Group Preterm Group

Early old/new effect

+6.0

0300 ..0450s

Late old/new effect

0600 ..0750s 0.600..0.750 s

Nonspeeded Condition Control Group Preterm Group

Early old/new effect

+6.0

pv

-6.0

Late old/new effect

0600 ..0.750s 0.600..0.750 s

Figure 12: Scalp topographies of the early and lal@/new effects (new minus old) for
the full-term control group and preterm group iretBpeeded and nonspeeded response
condition.
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Late Time Window (600-750 msec)

In the late time window, the initial five-way ANGVrevealed no effects
involving the factor Item Typep(values > .061). As this study was particularly
interested in group-related patterns of retriewdivdy in the late time window of
the nonspeeded response condition, response amdiind group-specific
analyses were performed.

In the speeded condition, for full-term childrehere was a marginally
significant interaction of Item Type, Anterior/Pesbr, and Lateralityf~(4, 68) =
2.92,p = .062. Follow-up analyses revealed that the @dws new differences
did not reach significance at any electrode sitesdlues > .173). For preterm
children, there was neither an effect of ltem Tyjoe any interaction involving
the Item Type factom(values > .280).

In the nonspeeded condition, for full-term childrean Item Type X
Anterior/Posterior interaction was foun#(2, 34) = 8.89,p < .010. Further
analyses revealed an old/new effect at pari€fdl, 17) = 12.89p < .Olo,np2 =
431, but not at centrap & .243) or frontal siteg(= .428). For preterm children,
there was neither an effect of Iltem Type nor angratdtion involving the factor
Item Type p values > .459).

To summarize, in the speeded condition, for fett¥t children, a
marginally significant interaction was found, bbetdifferences between old and
new responses did not reach significance at neitwmrding site in the late time
interval. For preterm children, no late parietadl/oew effect was found when
recognition decisions were required very quicklyn€istent with the prediction
that recollection-based processes should be ingpairereterm children, without
response deadline full-term children but not pratehildren showed a parietally

accentuated old/new effect, the correlate of rectille processing.
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Relation between Gestational Age and ERP correlategamiliarity and of
recollection. For preterm children, an early old/new effect vadained in the
speeded response condition, the putative ERP ateref familiarity, but no late
old/new effect was found in the nonspeeded respooisdition, the putative ERP
correlate of recollection. The GA (in days, rand&7-234) of the preterm
children was correlated with the old minus neweadi#hce at the electrode Cz in
the early time window in the speeded response tiondfi.e., magnitude of the
ERP correlate of familiarity) and with the old minmgew difference at the
electrode Pz in the late time window in the nondpderesponse condition (i.e.,
magnitude of the ERP correlate of recollection) assess if the degree of
prematurity is associated with modulations in theirake systems underlying
recognition memory retrieval. Partial correlatiammntrolling for SES showed that
the smaller the GA, the smaller the late old-newfetknce at Pz in the
nonspeeded response condition (r = p%, .030; see Figure 13) and the greater
the early old-new difference at Cz in the speedsgaonse condition (r = -.6f,<
.020; see Figure 14).

20,00

10,00

0,00

-10,00

o R? Linear = 0,301

late old-new difference in the nonspeeded condition

-20,00

T
180 190 200 210 220 230 240
GAin Days

Figure 13: Correlation between the gestational 4G\) in days and the magnitude of
the ERP correlate of recollection (late old/newfeliénce at Pz in the nonspeeded
condition).
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Figure 14: Correlation between the gestational 4G\ in days and the magnitude of
the ERP correlate of familiarity (early old/newfédifence at Cz in the speeded condition).

As this study was particularly interested in patdlyt compensatory
mechanisms within the brains of preterm childrée, late old-new difference at
Pz in the nonspeeded response condition was cedelgith the early old-new
difference at Cz in the speeded response condifitis analysis showed a
negative correlation (r = -.4@Q = .130), that is, the smaller the late old-new
difference at Pz in the nonspeeded response conditie greater the early old-
new difference at Cz in the speeded response comdigee Figure 15). Thus,
these results suggest that in preterm childrenjaedl recollective processing is
possibly compensated by enhanced familiarity-basewgmbering.

For the full-term group, no correlation analysesrevcalculated, as the
range of the GA in full-term children is too sm#dl allow adequate testing of

associations (range: 266-294 days).
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Figure 15: Correlation between the magnitude of BRP correlate of recollection (late
old/new difference at Pz in the nonspeeded comjittmd the magnitude of the ERP
correlate of familiarity (early old/new differenes Cz in the speeded condition).



Study 3 104

7.5 Discussion

The main goal of Study 3 was to investigate theettigmental trajectories
of the ERP correlates of familiarity and recolleatiin preterm children with
uncomplicated neonatal courses compared to thaefuti control group of Study
2. In more detall, it was examined whether preniigtselectively affects the ERP
correlate of recollection, as it would be expedfgurematurity is associated with
a decline in recollective processing due to redutgobocampal volumes
(Giménez et al., 2004; Isaacs et al., 2000; Nosdral., 2002; Peterson et al.,
2000; see also Study 1). For this purpose, thauqgctecognition memory task
with a speeded and nonspeeded response condit®tudy 2 was conducted with
preterm children with uncomplicated neonatal cosirde ERPs of the preterm
group were compared with those of the full-term glenof Study 2.

It was found that memory accuracy, response hiad,response times did
not differ between groups, neither in the speededmthe nonspeeded response
condition. This result is consistent with otherdsés that did not find group
differences between preterm and full-term children episodic memory
performance (Curtis et al., 2006; Narberhaus et2809; see also Study 1). As
hippocampal volumes were found to be reduced iteprechildren (Giménez et
al., 2004, Isaacs et al., 2000; Nosarti et al.,22@®eterson et al., 2000; see also
Study 1), this result possibly reflects functionampensation within the brains of
preterm children. Support for this view comes friMRI studies which indicate
that structural damages in specific brain regionspreterm individuals are
functionally compensated by other brain structioeseach a performance similar
to those of full-term subjects (Curtis et al., 20QGwrence et al., 2009;
Narberhaus et al., 2009; see also Ment & Constablg?).

As expected, in both groups, response times waseerf and memory
accuracy lower in the speeded compared to the nedederesponse condition,
suggesting that the effects of the response deadiamipulation were comparable
across groups on the behavioral level. In additioa, differential effects of
response conditions on setting the decision coite(response bias) were found
across groups, suggesting that similar decisioategjres were used across

response conditions and groups.
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The analyses of the ERP data revealed a varietgsofts relevant for the
understanding of the processes contributing to getion memory and their
developmental trajectories in preterm children.strirpreterm and full-term
children showed an early old/new effect in the gpeeresponse condition. On the
basis of its high resemblance with the mid-fromid/new effect reported in other
studies (Jager et al., 2006; Opitz & Cornell, 20B6gg & Curran, 2007), this
effect can be taken as the ERP correlate of fantyliaNotably, the observation
that the mid-frontal old/new effect was highly diani in its temporal and
topographic characteristics in full-term and pnetechildren suggests that
familiarity-based processes are not affected bymptarity. The view that
familiarity-based memory is not affected by premiggus supported by a recent
study by Rose et al. (2011). Using structural equnamodeling, the authors
assessed the dual-process theory of recognitionamyeim preterm and full-term
infants longitudinally (at 1, 2, and 3 years). FHeemity was defined by measures
of immediate and delayed recognition in visual g@@icomparison tasks,
recollection by these same measures plus thoseaoall rmemory, which was
assessed with elicited imitation. The authors fotimat prematurity negatively
affected recollection but not familiarity. Althoughese authors did not measure
hippocampal volumes, they suggested that presumgabdampal damage, in
their study indexed by preterm birth, has selettivadfected the recollection
component of recognition memory.

Second, consistent with the prediction that rextibn plays a negligible
role when recognition judgments are given with & fasponse deadline (Boldini
et al., 2004, 2007), no parietal old/new effect vedgained for the late time
interval, neither for preterm nor for full-term tivien (see Study 2 for further
discussion of the late old/new difference in theexfed response condition in full-
term children).

In the nonspeeded response condition, no earlyfroidal old/new effect,
but an early parietally focused old/new effect wasained across both children
groups. This result is frequently found in standé&ech recognition memory tasks
with children (Friedman et al., 2010; Kipp et &010; Sprondel et al., in press;

van Strien et al., 2009) and presumably reflectsearly onset of recollective
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processing. However, this difference between oldraewl items in the early time
interval diminished when group-specific analysesewmgerformed. This finding
suggests that this effect is subtle, restrictecketatively large samples sizes (i.e.,
N = 35), and not reliable when smaller samplesaaadyzed (i.e., full-term group:
N = 18, preterm group: N = 17). Further empiricaladare required to disentangle
the processing mechanisms reflected in this eadinelv difference in children.

In accordance with previous studies that appliedsensitive operational
definitions of familiarity (Cycowicz et al., 2003 zernochowski et al., 2005;
Friedman et al., 2010; Hepworth et al., 2001; vares et al., 2009), there was no
early mid-frontal old/new effect in the nonspeededponse condition for both
children groups. However, the full-term childrerogp showed a clear parietally
focused late old/new effect, replicating a varietyformer developmental ERP
studies (Cycowicz et al., 2003; Czernochowski gt28l05, 2009; Friedman et al.,
2010; Sprondel et al., in press; van Strien et241Q9). Notably, as it had been
expected, there was no late parietal old/new efiedhe nonspeeded response
condition for preterm children. In light of the imgance of hippocampal
functioning for recollective processing (see Eictenh et al., 2007, for a
review), this outcome may be taken as a reflectibthe volume decline in the
hippocampus in preterm children (Nosarti et al.,2@eterson et al., 2000; see
also Study 1). Thus, as there was no group diftexan the ERP correlate of
familiarity, the reduced ERP correlate of recollettin preterm children can be
taken to reflect a selective alteration in retrlepaocessing associated with
prematurity.

Although the ERP correlate of recollection was el in preterm
children, no group difference was found on the biral level. This finding
implies a dissociation between memory performamecebaain development. One
possible reason for these diverging findings cdanddhat ERPs are more sensitive
in the detection of group differences. Another pmbty for the observed

dissociation between performance and the neuratelede of recollective

> To examine whether the early parietally focusednaldl effect in the nonspeeded response
condition was modulated by group, group-specifialgsis were performed in the early time

window of the nonspeeded response condition. Thestyses showed neither an effect of item
type nor any interactions involving this factor foil-term (p values > .150) and preterm children

(p> .250).
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processing in preterm children is that other braiructures compensate for
structural damages to the hippocampus (c.f. Narberlea al., 2009). Tentative
support for this hypothesis of neural compensaivas provided by the negative
correlation between the magnitude of the ERP cateedf recollection and the
magnitude of the ERP correlate of familiarity, sesfing that reduced recollective
processing was associated with an increase initaitytbased processing.

Importantly, the magnitude of the ERP correlatgemllection was also
positively correlated with the GA at birth of theeferm children, while the
magnitude of the ERP correlate of familiarity wagaiesely correlated with the
GA. These results suggest that the degree of pugityali.e., GA at birth) is
associated with the extent of modulation in the akwystems of preterm
individuals. This is consistent with other studiesng MRI (Davis et al., 2011;
Peterson et al., 2000), which showed that the muraif gestation has lasting
effects on neurodevelopment, and implies that tbgrek of prematurity is
important for brain development.

An alternative interpretation for the observed ugrodifference in
recollection-based but not familiarity-based preessis a task-resource artefact
(Ward, 2006). On the basis of a task-resource aotebne might propose that
recollection requires a greater amount of a cogmitiesource or is the more
difficult process than familiarity. Accordingly, might be the case that increased
processing difficulty has created the group diffieee between preterm and full-
term children in recollection. Further empiricaltalare required to disentangle
the processing mechanisms reflected in the rediategarietal old/new effect in
preterm children (see Study 4).

Taken together, the main goal of this study was et@mine the
developmental trajectories of the ERP correlatemmiiliarity and recollection in
school-aged preterm children with uncomplicated atmircourses compared to a
full-term born control group. It has been shownt tk@maturity affects the ERP
correlate of recollection but not the ERP correlatefamiliarity. In addition,
recognition memory performance was found to bequuesl in preterm children.
Moreover, for preterm children, a negative relatiopdetween the magnitude of

the ERP correlate of recollection and the magnitoflahe ERP correlate of
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familiarity was found. This latter result suggetttat in preterm children reduced
recollective processing is compensated by enhandanhiliarity-based

remembering. Thus, it can be assumed that withenbtlains of preterm children
at early school-age other brain structures comperfsa reduced functioning of

the hippocampus to reach a performance simildrdse of full-term children.
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8 Study4

Closer Examination of the Task-Resource-Artefact-Hypothesis:

Processing Difficulty Does Not Matter in Preterm Children

8.1 Background and Resear ch Question

Study 4 aimed at a deeper understanding of thectsed reduction in
recollective processing in preterm children comgate full-term controls as
found in Study 3. As mentioned in the discussionStdidy 3, an alternative
interpretation of the reduced magnitude of the ERRelate of recollection but
spared ERP correlate of familiarity in preterm dreh could be a task-resource
artefact. This argument refers to the assumptionwimgle recollection involves
contextual retrieval of detailed information from paior episode, familiarity
reflects a fast assessment of the global simildr#tyveen study and test materials
and is akin to automatic processing (Jacoby, 193y )this, recollection can be
assumed to require a greater amount of cognitiseurees or is the more difficult
process than familiarity. As mentioned in the amhghe present studies, the term
task-resource artefact is used when two tasks, (&.gand B) share the same
neural/cognitive resource but one task (e.g., Bdsus more. If brain damage
depletes this resource then task B may be seléctivpaired (Ward, 2006). If
the task-resource artefact holds true and pretehidren perform worse
compared to full-term children, then preterm chgldrshould be selectively
impaired in tasks that require a greater amourtgoghitive resources or that are
more difficult compared to full-term children. lhi$ study, processing difficulty
was manipulated in two ways to directly examine thibe preterm children are
selectively impaired in tasks that are more difficabmpared to a full-term
control group.

To this end, a continuous recognition memory expent with two runs
was used. The critical manipulation of this taskswhat the first run of this
experiment required relatively simple old/new rattign judgments (measure of

item memory), whereas the second run served asaaureeof source memory by
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means of an exclusion task. As source memory reipges controlled memory
processes to a greater degree than simple old/rem@gnitions (Johnson,
Hashtroudi, & Lindsay, 1993), it can be assumed tth@exclusion task requires a
relatively greater amount of cognitive resources. éAsecond manipulation of
processing difficulty, the exclusion task requirtke rejection of items repeated
with either short or long item lags. In the shag Icondition, items that were
presented in the second half of the first run waesented again in the first half
of the second run (short lag until these items wepeated in the second run). In
the long lag condition, items that were presentethe first half of the first run
were presented again in the second half of the senam (long lag until these
items were repeated in the second run). As therenare intervening or distractor
items across the repetition of an item in the I@ggcondition, a higher amount of
interference is induced compared to the short lagdition. Thus, it can be
assumed that memory retrieval in the long lag domirequires a relatively
greater amount of cognitive resources.

To summarize, Study 4 aimed to contribute furénddence for the view
that recollective processing is selectively reduicepreterm children compared to
full-term controls by examining whether a task-raseuartefact can alternatively

explain the results of Study 3.

8.2 Hypotheses

If a task-resource artefact holds true, pretermidam should perform
lower in tasks that require a greater amount ohita@ resources compared to
full-term children, that is, a group difference slitbemerge for source memory
accuracy and for memory accuracy in the long laglitmm. In contrast, simple
old/new recognitions (i.e., item memory accuraay)l amemory accuracy in the

short lag condition should not differ between pmatand full-term children.
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8.3 Methods

Participants

As this study was conducted several weeks afteryS8jdour preterm
children and six full-term control children of Syu8 could not be recruited once
more. For the remaining 12 full-term children andptdterm children, there were
no significant differences according to correctge,agender, GA, BW, and SES
compared to the initial samples of Study 3. Thddcen received € 8.00/hour for
participation and written informed consent was oiad from the parents of the
children before the experiment. In addition, thédrkn signed assent forms.

Stimuli

For this experiment, 140 stimuli from the black amkite version of the
Snodgrass and Vanderwart line drawings of commgactd and animals were
selected (Rossion & Pourtois, 2004). Of these 14ftupas, 20 pictures were used
as practice items, 60 as filler items, and 60 g&emental items.

Procedure

The experiment consisted of two runs, which werpasated by a ten-
minute break (see Figure 16 for illustration of tesign). Participants were given
a practice phase with 14 items per phase priorath eof the two runs. The
procedure in both runs was the same. Each pictasepresented for 1000 msec at
the center of the computer screen on a white backgt, preceded by a fixation
cross (300 msec). Responses were recorded witperiad of 1500 msec after
stimulus onset. Following each response, visualldaek was presented for 500
msec in the form of a smiley face (correct) or @Mn face (incorrect). After a
fixed intertrial interval of 1000 msec, the nexdiion cross appeared.

Before the first run, participants were told tkia¢y will see pictures that
are repeated at various points. The task instnustwere to attend to the pictures
carefully and to judge each item for its repetitg&tatus by pressing the “new”

button for first presentations with one of the timalex fingers and the “old”
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button for repetitions with the other index fingérhe response hands were
counterbalanced across participants. In the finst 60 pictures were presented in
randomized order and repeated with lags varyingidéeh 10 and 15 intervening
items. In order to include the lag manipulation ameet the experimental
constraint that items featuring the same repetisitatus did not occur more than
four times consecutively, 30 additional filler itemvere included. These items
were also repeated at variable lags. The experaheonditions in the first run
entering subsequent analyses were first presensafioew) and the repetitions
(old) of the pictures.

Before the second run, participants were told tinaty will now see
pictures, some of which either had already beesgmted in the first run or were
new. The task instruction was to judge each itel@lgaccording to its within-run
repetition status and to ignore across-run repetti That is, items repeated from
the first run and presented for the first timehe second run had to be judged as
“new” (non-targets). When these items were repewaiéun the second run, they
had to be judged as “old” (targets). By this, eatkhe 60 pictures studied in the
first run was repeated two more times in the segondin a pseudo-randomized
order. In addition, 30 additional filler items wepresented and repeated at
variable lags. These filler items had also to lssfied according to their “old-
new” status within this second run. In order tolude long and short lag
conditions, different distances between the repetiof items across the two runs
were used. In the long lag condition, items thatengesented in the first half of
the first run were shown again in the second hiaihe second run (long lag until
these items were repeated in the second run)elghibrt lag condition, items that
were presented in the second half of the firstware shown again in the first half
of the second run (short lag until these items wepeated in the second run).

To ensure that the children had understood theeptoe, they were asked
to explain the instruction to the experimenter gdimeir own words before each

run and were corrected if necessary.
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Figure 16: lllustration of the two runs of the contous recognition memory experiment;
Item Memory = first run; Source Memory = second.run

Data Analyses

SPSS 17.0 statistical package was used for alysem Trials that were
not responded to and trials with filler items wewmoved from behavioral
analysis.Memory accuracy was evaluated using the discrinanandex Pr (the
proportion of false alarms was subtracted frompitugortion of hits of within-run
repetitions). For item memory accuracy, false atarto new items were
subtracted from hits in the first run (Pr_ltem =tsHalse alarms). For source
memory accuracy, false alarms to non-targets waberacted from the target hit
rates in the second run (Pr_Source = Target hits-Narget false alarms). For
memory accuracy in the long lag condition, fals&rrak to long lag non-targets
were subtracted from the target hit rates in tloose run (Pr_long = Target hits-
Non-Target false alarms_long). For memory accuiache short lag condition,
false alarms to short lag non-targets were sulgtdaitom the target hit rates in the
second run (Pr_short = Target hits-Non-Target faems_short). RTs were
measured separately for new, old, non-target, targm-target_short, and non-
target_long items. Response bias (Br; Snodgras®&vi@, 1988) was calculated
separately for the item memory task (Br_Item =dadéarms / (1-Pr_Item)), the
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source memory task (Br_Source = Non-Target falagva / (1-Pr_Source)), the
long lag condition (Br_long = Non-Target false atar long / (1-Pr_long)), and
the short lag condition (Br_short = Non-Target éadédarms_short / (1-Pr_short)).
To examine group effects, repeated-measures ANOWls the factor Group

(full-term control children, preterm children) werenducted.

8.4 Results

Memory accuracy, response bias, and response fondmth groups are
illustrated in Table 7. The ANOVA with the factoMemory Task (Iltem vs.
Source) and Group on the Pr-measures yielded omhaia effect of Memory
Task, F(1, 24) = 18.08,p < .001. Both groups showed poorer source
discrimination performance compared to item menpasformance. As this study
was particularly interested in group-related patieiof task difficulties, an
ANOVA with the factors Lag Condition (short vs. nand Group on the Pr-
measures was additionally calculated. This ANOVAvetm only a reliable effect
of Lag Condition,F(1, 24) = 15.88p < .010, indicating that both groups showed
poorer discrimination performance in the long lagdition compared to the short
lag condition.

Regarding response bias, the ANOVA with the factdemory Task and
Group revealed a main effect of Memory Tasi,, 24) = 11.15p < .010, and an
interaction among Memory Task and GroEfl, 24) = 5.22p < .040. Follow-up
analyses revealed that for full-term children theedon for “old” judgments was
more liberal in the source compared to the item orgrtask p < .010), while this
difference was not found for preterm childrgn>.490). The ANOVA with the
factors Lag Condition (short vs. long) and Grouptbe Br-measures revealed
only a reliable effect of Lag ConditioR(1, 24) = 10.95p < .010, indicating that
the criterion for “old” judgments was more libesdross both groups in the long

compared to the short lag condition.
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Table 7: Mean RTs (msec) for correctly recognizeelWwNOId, Non-Target, Non-
Target_short, Non-Target _long, and Target itemse Tiscrimination index (Pr) and
response bias (Br) were calculated for item andre®unemory as well as for the short
and long lag condition. The standard errors of theans are given in parentheses.

Control Group Preterm Group

(N=12) (N =14)
RT Correct Rejections
New 757 (22) 741 (19)
Non-target 800 (23) 765 (18)
Non-target_short 793 (28) 753 (19)
Non-target long 806 (20) 777 (19)
RT Hits
Old 756 (22) 738 (17)
Target 759 (22) 745 (21)
Performance Estimate (Pr)
Pr_ltem 0.82 (0.03) 0.78 (0.03)
Pr_Source 0.69 (0.05) 0.68 (0.04)
Pr_short 0.72 (0.04) 0.73 (0.03)
Pr_long 0.67 (0.06) 0.63 (0.05)
Bias Estimate (Br)
Br_Item 0.38 (0.02) 0.47 (0.05)
Br_Source 0.58 (0.04) 0.50 (0.05)
Br_short 0.56 (0.03) 0.44 (0.05)
Br_long 0.60 (0.04) 0.57 (0.05)

The ANOVA on RTs with the factors Item Type (New.\Old vs. Non-
Target vs. Target) and Group yielded a main efdédtem Type,F(3, 72) = 7.06,
p < .010. In both groups, correct responses to nemdtwere of the same speed
as correct responses to old iteqps=(.530) and Targetp (= .599). In contrast, in

both groups, correct responses to new items wdrable faster than correct
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responses to Non-Targetp € .001). The ANOVA with the factors RT-Lag-

Condition (Non-Target_short vs. Non-Target_long Watget) and Group yielded

a main effect of RT-Lag-Conditior(2, 48) = 8.12p < .010. In both groups,

correct responses to Targets were reliable fabgr torrect responses to Non-
Targets_longf{ < .010) and to Non-Targets_shqut<{ .050).

Taken together, in showing comparable memory aogyufor preterm and
full-term children in the item and source memorsktas well as in the conditions
with long and short lag manipulations, the presestilts provide no evidence for
the view that preterm children are more impairedtasks that require a greater
amount of cognitive resources compared to full-tehhdren.

As the lack of significant group differences in madifficult tasks might
be attributed to the small preterm sample sizehis e€xperiment (N = 14), the
same analyses were repeated with nine additioe&tnon children. These preterm
children were also recruited from archives of thepBrtment of Pediatrics and
Neonatology at the university hospital in Hombubgain, for these 23 preterm
and 12 control children, there were no significalifferences according to
corrected age, gender, GA, BW, and SES comparttetmitial samples of Study
3. The behavioral data for these samples are suizedan Table 8. All analyses
replicated each of the former results. Thus, thesemt outcomes provide no
evidence for the view that preterm children arepmiportionally impaired on
tasks that presuppose a relatively high amounbghitive resources compared to

full-term children.
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Table 8: Mean RTs (msec) for correctly recognizeelWwNOId, Non-Target, Non-
Target_short, Non-Target _long, and Target itemse Tiscrimination index (Pr) and
response bias (Br) were calculated for item andre®unemory as well as for the short
and long lag condition. The standard errors of theans are given in parentheses.

Control Group

Preterm Group

(N = 12) (N = 23)
RT Correct Rejections
New 757 (22) 753 (17)
Non-target 800 (23) 783 (21)
Non-target_short 793 (28) 772 (23)
Non-target_long 806 (20) 795 (19)
RT Hits
old 756 (22) 760 (18)
Target 759 (22) 762 (20)
Performance Estimate (Pr)
Pr_ltem 0.82 (0.03) 0.72 (0.03)
Pr_Source 0.69 (0.05) 0.62 (0.03)
Pr_short 0.72 (0.04) 0.67 (0.03)
Pr_long 0.67 (0.06) 0.57 (0.04)
Bias Estimate (Br)
Br_ltem 0.38 (0.02) 0.46 (0.04)
Br_Source 0.58 (0.04) 0.51 (0.03)
Br_short 0.56 (0.03) 0.44 (0.04)
Br_long 0.60 (0.04) 0.57 (0.04)
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8.5 Discussion

Study 4 aimed at investigating whether a task-resowartefact is an
alternative interpretation of the selectively reeldicrecollective processing in
preterm children compared to full-term controlsridun Study 3. Hence, in this
study, task difficulty was manipulated to examinkether preterm children are
disproportionally impaired in tasks that are moir#fiallt or require a greater
amount of cognitive resources compared to a fuiiiteontrol group. To do this, a
continuous recognition memory experiment with shent long repetition lags
across two runs was used. In this paradigm, ta§ikudiy was manipulated, first,
between an item memory task (easier task) and ecesaunemory task (more
difficult task). While the first run of this expement served as a measure of item
memory, in the second run source memory was opedized by means of a
memory exclusion task. The second manipulatiorask difficulty was achieved
by using short lags (easier task) and long lagsréndifficult task) for the
repetition of items across both runs. As thereracge intervening items across
the repetition of an item in the long lag conditiarhigher amount of interference
should be induced compared to the short lag camditin case that a different
processing of task difficulty between preterm aunli-term children can explain
the results of Study 3, it was hypothesized thgtaaup difference should emerge
for source memory accuracy and for memory accunadiie long lag condition,
as these are the tasks that are assumed to reqgmeater amount of cognitive
resources. By contrast, no group difference shautterge for item memory
accuracy and for memory accuracy in the short lagdition, as these are the
tasks that are assumed to require a lower amouwdgsfitive resources.

Contrary to the prediction of a task-resourcefacte the groups did not
differ in their memory accuracy, neither in thetern and source memory
performance nor in their performance in the shod lang lag condition. The lack
of group differences in the more difficult retrié\@nditions can be taken as a
support for the view that the group difference eoallective processing found in
Study 3 cannot be accounted for by poorer cognitiegources of preterm

children.
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Consistent with previous reports that childrenvglaoselective attenuation
of memory performance in a condition requiring colkéd episodic memory
retrieval (Czernochowski et al., 2005, 2009; Spsedret al., in press), memory
accuracy in the source memory task relative tatdre memory task was lowered
to 84% and 87% in the full-term and preterm graegpectively (see Table 7). In
a similar vein, memory accuracy in the long lag c¢toowal relative to the short lag
condition was lowered to 93% and 86% in the fultrtecontrol and preterm
group, respectively. As in addition both childremogps showed prolonged
response times to non-targets in the source metasky it can be concluded that
the effects of the task difficulty manipulation wehighly comparable across
groups. In light of the fact that participants iatlo groups used a more liberal
response criterion in the long lag compared tosti@rt lag condition, it could be
suggested that there were differential effects ask tdifficulty on setting the
decision criterion (response bias) in both grougstably, while the full-term
children used a more liberal response criteriothéxsource compared to the item
memory task, this difference was not found for emet children. As apparent
from Table 7, preterm children used a rather neudsponse criterion in both the
item and source memory task. However, this grodierénce did not affect the
memory accuracy, as the preterm children did nfferdfrom controls in their
memory performance. Further empirical data are redquio disentangle the
processing mechanisms reflected in the group @iffieg on setting the decision
criterion in both memory tasks.

As one could argue that the lack of significanbuyr differences was
caused by the small sample size, the same analyses repeated with nine
additional preterm children. Yet even there wagroup difference for the source
memory task or the condition with the long lag npafation, replicating the
former results that did not show differences betwe@eeterm and full-term
children in the more difficult tasks.

As one could further argue that the sample sizéheffull-term control
group was too small as well, the question of powes further explored by
estimating the critical sample size for the memawgcuracy for the source
memory task (Pr_Source) and the condition withlding repetition lag (Pr_long).
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For this analysis the program G*Power was used|(Etal., 2007). The effect

size () was calculated on the basis of the group meanesahnd standard

deviations of the Pr_Source and Pr_long. Alpha Bfidwvere set to .05 and .80,
respectively. This analysis revealed that, given libtween-group differences in
Pr_Source and Pr_long obtained in this latter amslywample sizes of 58 and 43
participants per group would have been requiraeject the null hypothesis of no
group differences in Pr_Source and Pr_long, resmdygt Thus, due to the

relatively small sample sizes in the present stutlg, conclusions are only
preliminary and must await reassessment in a fellpvstudy with larger sample

sizes.

In conclusion, by showing no group differencesniemory accuracy
between preterm and full-term children, the presssita suggest that a task-
resource artefact does not seem to provide annattee explanation for the
selective reduction in recollective processing iat@m children as compared to
full-term controls. It has been shown that pretariildren reach performance
similar to those of full-term children, irrespediof the difficulty of the task. By
this, Study 4 provided evidence that the findingStfdy 3 were not confounded
or influenced by the level of task difficulty. Irddition, the present findings add
to the gradually growing body of evidence showihgtton the behavioral level,
preterm children with uncomplicated neonatal coside not differ from full-term

children in episodic memory performance.
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9 General Discussion

The global aim of the four studies reported in finesent thesis was to
investigate the development of declarative longitenemory and its subsystems
in school-aged preterm children with uncomplicatedonatal courses as
compared to age-matched full-term control childiey applying different
methods and approaches of cognitive psychologpahticular, the focus was on
the development of episodic memory and its speodigeval processes in these
children groups. Through different measurement odgh this thesis sought to
gain converging evidence for developmental diffeesnbetween preterm and
full-term children, as any method per se has ungjuength and limitations. To
this end, four experiments were conducted. ThesgoalStudy 1 were firstly to
explore developmental differences in the two sutesys of declarative long-term
memory (episodic and semantic memory) between te¢eqpn and full-term
group and secondly to address the question abeutethtionship between these
subsystems and hippocampal volume in both groums. tRese purposes,
standardized neuropsychological tests, a recognitiemory experiment, and
structural MRI were used. Study 2 and Study 3 itigated the development of
the two episodic memory retrieval processes, famiyi and recollection, in both
children groups and a group of young adults by mednERPS, capitalizing on
the sensitivity of ERPs to the neural correlates edyahg familiarity and
recollection. Finally, Study 4 aimed to rule out thkernative hypothesis that
reduced recollective processing in preterm childasnrevealed by Study 3 is
confounded with potentially poorer cognitive resms of preterm children. In
this way, Study 4 aimed to substantiate the view tbeollective processing is
selectively reduced in preterm children as compaoefll-term controls. In the
following, the main findings and converging reswtdl be summarized and

discussed to draw more general conclusions.

The results of Study 1 provide evidence for changedeclarative long-
term memory in preterm children as compared toetériin controls. Specifically,

while there were no group differences in episodeanmary performance, preterm
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children showed lower performance in semantic mgntasks relative to full-
term controls. Importantly, after controlling fdnet influence of IF and SES on
semantic memory performance, the group differentepeérformance in the
HAWIK-R subtest vocabulary diminished, whereas tp®up difference in
performance in the subtests general knowledge amgkrgle comprehension
remained statistically significant. This patteraicates that preterm children are
not generally impaired in their declarative longitememory performance, but
rather show selective deficits in semantic membay &re not fully explainable by
IF and SES. Through the application of structur&IMt was possible to estimate
structural changes in the hippocampi of the chiidyeoups and to combine these
neuroimaging findings with the behavioral data lné heuropsychological tests
and the recognition memory experiment. This allowed investigate the
relationship between the hippocampal volume andadse/e long-term memory
performance in both groups.

With regard to structural changes in the brainpmfterm children with
uncomplicated neonatal courses relative to an agehwad full-term control
group, the findings of Study 1 support recent fngdi with preterm individuals
which showed both reduced cerebral volumes as aglhippocampal volume
reductions (Nosarti et al., 2002; Peterson et a000). Although the
pathophysiological mechanisms for the disproportegppocampal volume loss
are still unresolved and a matter of debate, restrlies indicate that damage to
the hippocampus may lead to altered neural actinatithin the brains of preterm
individuals, which presumably functionally compeiesafor the consequences of
prematurity to maintain competent performance (Bdrhus et al., 2009). The
functional compensation hypothesis in preterm céiidis compatible with the
assumption of the existence of neural plasticitiofeing early brain injury, as is
suggested by functional neuroimaging findings (desarti & Rifkin, 2010, for a
review). Plasticity refers to the capacity of therwous system to modify its
organization and ultimately its functions throughdtlue lifetime of individuals.
Such modifications can be caused by positive (e@sponsive caregiving,
appropriate stimulation and learning) and neg&veg., stress, drug, malnutrition,

brain injury) experiences (Kolb, Gibb, & Robins@@03). Following this line of
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thought, the brains of preterm individuals may hdssantially different in

structure and function as compared to full-term vitilials because they
presumably have acquired experiences which arerdiif from those of full-term
individuals.

For full-term children, a positive relationship tlveen hippocampal
volume and general episodic memory performance., (idelayed recall
performance in the Rey-Osterrieth Complex Figurasviound. This result is
compatible with the view that the hippocampus is important mediator of
episodic long-term memory (Tulving & Markowitsch,98). Moreover, the fact
that in full-term children the posterior two-thirddé hippocampal volume were
related to memory accuracy in the nonspeeded respaondition in the
recognition memory experiment converges with trewithat the posterior two-
thirds of the hippocampus are more involved in Hection-based memory
retrieval (Daselaar, Fleck, & Cabeza, 2006; Ludoetigl., 2008).

Study 1 also suggests that semantic memory peafocenis not related to
hippocampal volume in full-term children. This ressl consistent with the view
of a neuroanatomic distinction between episodic s@hantic memory, which
proposes that episodic memories are hippocampusidepe whereas semantic
memories can exist independently of the hippocan{pae Moscovitch, Nadel,
Winocur, Gilboa, & Rosenbaum, 2006, for a review). this context, a
considerable body of evidence has emerged ovepabedecades that favors the
view of a distinction between the acquisition aattieval status of semantic and
episodic memory (see Ryan et al., 2008, for a vevighe hippocampus appears
to play an important role in the acquisition, butt metrieval, of semantic
memories, while supporting both the acquisition amdrieval of episodic
memories. Consistent with this view, the preserdifigs provide further evidence
that at least for the retrieval of semantic andaghiic memory, there seems to be a
distinction for the hippocampal involvement.

With regard to the relationship between hippocdmplime and semantic
and episodic memory performance in preterm childites picture is less obvious.
Although hippocampal volumes were reduced in pretehildren relative to the

age-matched full-term group even after correctorgéduced cerebral volume, no
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relationship of hippocampal volume with episodic eemantic memory
performance was obtained. This result may be ctamdisvith the assumption of a
functional compensation within the brains of pretandividuals (Curtis et al.,
2006; Narberhaus et al., 2009). Due to neural cosgteon for the consequences
of prematurity, reduced functioning of the hippoarsi may not affect memory
performance. Following this line of thought, al@eatterns of structure-function
relationships may be observed following early briajary because functions are
remapped onto other undamaged areas of the breénSsles, Reilly, Paul, &
Moses, 2005, for a review). This dovetails with flaet that although several
studies have revealed reduced hippocampal volumeraterm individuals
(Narberhaus et al., 2009; Nosarti et al., 2002giRen et al., 2000), memory
performance is often unimpaired (Curtis et al., @0Rarberhaus et al., 2009).
However, the results of Study 1 do not provide thebstantiation for a
compensation mechanism, that is, it remains unceldsdech other brain structures
may compensate for hippocampal compromise. Neegbe the pattern of
findings suggests that recovery from structural @gencan occur in the brains of
preterm children. For instance, Narberhaus et28l09) showed reduced absolute
amounts of gray matter bilaterally in the hippocampupreterm as compared to
full-term adults. In addition, these authors did find any group differences in
episodic memory performance, even though the pretdults were found to
activate different neural networks than controlsirtuitask completion. By this,
the study by Narberhaus et al. (2009) even providedct evidence for the
activation of different neural networks in preteimdividuals as compared to full-
term controls to reach performances similar to ehafsfull-term participants.

The findings of Study 3 added further evidence tfe assumption of
functional compensation within the brains of preteshildren. In particular, this
study focused on the subprocesses of recognitiomangethat can be situated
within the framework of episodic memory. From a ldu@cess point of view,
recognition memory involves two qualitatively dmstt memory retrieval
processes — familiarity and recollection. Eviderige the dissociation of both
processes has come from studies on neurologici@ntst neuroimaging studies,

and behavioral studies. These investigations ineliaadivision of labor within the
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medial temporal lobes, with the recollective preceepending largely on the
hippocampus and familiarity on the anterior parthed parahippocampal region
centered around the perirhinal cortex (Aggleton &own, 1999, 2006;
Eichenbaum et al., 2007; Norman & O’Reilly, 2003n¢linas, 2002).

Before discussing the results of Study 3, it ipamant to sum up the
results of Study 2, which was conducted in antigpaof Study 3. While ERP
studies have revealed that the late parietal ohld/eéect, the putative ERP
correlate of recollection, is highly similar foritdren and adults, the early mid-
frontal old/new effect, the putative ERP correlafefamiliarity, has not been
reported for children so far, even though some Weha studies suggest that
children at early school-age use familiarity. Taosllate this latter issue, a
response-deadline procedure was used to examinthevhill-term children of
early school-age show a mid-frontal old/new efftlog putative ERP correlate of
familiarity, under a speeded response conditioh éhaouraged familiarity-based
remembering and diminished recollective processimgore specifically,
capitalizing on the different temporal dynamicsfainiliarity and recollection,
two experimental response conditions were credtatidiffered from each other
in the degree to which they promote familiarity4ds(speeded response
condition) and recollection-based (nonspeeded respaondition) processes.
Additionally, to examine age differences in the E&fPrelates of familiarity and
recollection, the results of the full-term childnelere compared with the results of
young adults.

Consistent with the behavioral data of other ssidBillingsley et al.,
2002; Ghetti & Angelini, 2008), the ERP resultsSifidy 2 support the view that
familiarity is available for recognition judgmentt early school-age under
specific circumstances. Both groups showed an eaidlyfrontal old/new effect,
the putative ERP correlate of familiarity, in thpesded response condition,
whereas in the nonspeeded response condition gpdaietal old/new effect, the
putative ERP correlate of recollection, was fouadidoth groups. Considering the
generally lower memory accuracy of the childrefs tiesult pattern indicates that
children at early school-age use a weaker andrnegsred version of the same

explicit memory network used by adults.
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Turning to the discussion of the results of St@dyt is important to refer
back to the findings of Study 1. As in Study 1, elepmental differences between
preterm children with uncomplicated neonatal cosiesgd full-term children were
tried to be identified in Study 3. As the resulfsStudy 1 suggested that preterm
children at early school-age recruit a neural netwior episodic memory that
differs from the one used by full-term children,u®¢ 3 focused on the
developmental trajectories of the ERP correlatesumiliarity and recollection in
preterm children as compared to the full-term aleitdof Study 2. To this end, the
same experimental design with a speeded and nategpeesponse condition as
in Study 2 was used. It was hypothesized that pineniya selectively affects the
ERP correlate of recollection, as the hippocampusich showed a reduced
volume in preterm children, is assumed to be d@iitior recollection (Rose et al.,
2011).

Consistent with this view, recollective processings diminished in
preterm children compared to full-term controls. ristwver, the behavioral data
replicated the findings of Study 1, showing no imp&nts in episodic memory
performance in preterm children relative to fuliate controls. Thus, while
hippocampal dysfunction may affect retrieval preteg, — and especially
recollective processing — it does not seem to gisrapisodic memory
performance. In other words, in preterm childrgrisedic memory performance
did not conform to the pattern of ERP correlatebjctv indicated a selective
reduction of recollective processing. It is conebile that this dissociation
between brain function and memory performance ctfi¢he fact that retrieval
processing in preterm children is altered in atnedly subtle way. The current
findings suggest that ERPs provide sufficient dentsi to detect these changes.

Consistent with the view that the duration of ggeh has lasting effects
on neurodevelopment (Davis et al., 2011; Petersah,e2000), Study 3 revealed
that within the preterm children group the GA atlbis positively correlated with
the magnitude of the ERP correlate of recollectowl is negatively correlated
with the magnitude of the ERP correlate of famitjarTogether with the finding
that the magnitude of the ERP correlate of recolacwas negatively correlated

with the magnitude of the ERP correlate of famitjartentative direct support is
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provided for the proposed functional compensatiathiw the brains of preterm
children. This means that within the brains of emet children reduced
recollective processing may be compensated by eeldardamiliarity-based
remembering. In this context, the findings of Stutlyvere especially relevant
because they ruled out that a task-resource artedacexplain the results of Study
3, and by this substantiated the reduction in ftectVe processing in preterm
children. Investigating the preterm and full-termoyp of Study 3 with an item
and source memory task as well as with the apmicatf short and long lags
between the repetition of items across two runsyas possible to demonstrate
that preterm children reach performances simildhose of full-term participants,
irrespective of the difficulty of the tasks. ByshiStudy 4 extended the knowledge
on the proposed association between prematurity ra@adiced recollective
processing, because this selective reduction wasarmdounded or influenced by
the level of task difficulty.

Further support for the view that preterm birtbulés in the engagement of
alternative or additional neural systems comes faomacent study by Gozzo et al.
(2009). Using an fMRI passive auditory language,tasese authors examined
the connectivity between language regions in pmetand full-term children at
early school-age. The preterm children showed miffe patterns of functional
connectivity from Wernicke’'s reference region (sitled) with increased
connectivity to right-sided regions as comparedfuth-term controls. These
findings again suggest that neural plasticity in gveterm brain permits the
recruitment of alternative pathways for neural pssing involved in specific
cognitive functions.

To summarize, the reported findings shed lighttbe developmental
differences in declarative long-term memory betwpesterm and full-term born
children at early school-age. While hippocampaluwaé was significantly
correlated with episodic but not semantic memoryfgomance in full-term
children, neither relationship was shown in pretechldren, even though
hippocampal volumes were reduced in the pretermupgroThe reported
impairments in semantic memory in preterm child@ative to full-term controls

suggest that semantic memory is affected by prematWith respect to episodic
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memory performance, full-term and preterm childdgsh not differ, although the
ERP correlate of recollection was selectively redli preterm children. These
findings add to the considerable body of evidendbiwthe research on preterm
individuals, which indicates that alterations inykérain regions following
preterm birth may result in functional changes istributed brain systems. It is
especially the change in recollective processingpneterm children with
uncomplicated neonatal courses which is supporjeth® results of the present
thesis. These changes are most likely due to happal volume reductions.
They may underlie the development of alternativeralepathways which enable
the preterm children to reach performance similar those of full-term
participants. Given these results, for the finstetielectrophysiological evidence is
provided for the assumption of the developmentarhgensatory mechanisms in

the preterm brain.
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10 Per spectives

The results of the studies reported in the presleesis speak for the
existence of processes of neural plasticity withmbrains of preterm children. In
other words, compensatory neural processes maltdeeithe reorganization of
existing brain tissue — at least in the brain systeinderlying episodic memory.
This conclusion was drawn on the basis of ERPpaiticular, on the basis of the
negative correlation between the magnitude of tR® [Eorrelate of recollection
and the magnitude of the ERP correlate of famijfatHowever, this conclusion
could be further strengthened by applying functiokrl, which allows the
monitoring of metabolic changes in specific brairustures, for instance, in the
brain regions thought to support episodic memosythss, it would be possible to
specify the exact brain structures underlying egicscmemory in preterm and full-
term children.

It can also be speculated whether developmentaysién the maturation
of neural circuits which underlie episodic memoegyrieval processing provide an
alternative explanation for the present findingspireterm children (Luciana,
2003), as the present conclusion of neural plagtiwithin the preterm brain
merely refers to a preterm sample with a restrieigel range (7-11 years) and by
this do not provide comparative data of younger aligr preterm participants.
Notably, Rose et al. (2011) found that recollect®iselectively affected in one-
to three-year-old preterm children, even if onlyhégoral data are used. One
could speculate that the potential compensatoryhar@ésms in the brains of
preterm individuals have not fully evolved until tearly school-age. In other
words, younger preterm children (i.e., childrensléban four years old) with
hippocampal damage might still be unable to accedser matured and
presumably optimal brain circuits. By this, agdalénces on the behavioral level
in preterm children might reflect developmentalagsl (Luna, Padmanabhan, &
O’Hearn, 2010). Thus, longitudinal assessments trpgbvide more evidence for
the suggestion that neural plasticity in the pratbrain permits the recruitment of
alternative pathways for memory retrieval processiagreach performances

similar to those of full-term participants. Moreoye longitudinal
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neurodevelopmental research combining structurdl fanctional neuroimaging
may help to provide a better support for the cogmitievelopment of preterm
children in the earlier periods of life.

In addition, it is necessary to replicate the pneERP results in preterm
children, as according to the current state of Kedge, this was the first time that
recognition memory processes were assessed inmreteldren at early school-
age by means of ERPs. In this context, it mightMeethwhile to use a source
memory task, as this allows deriving a more seresigstimate of recollection.

Further research is also needed to investigategbel mechanisms which
underlie the reported selective deficits in sentamemory in preterm children, as
the present findings merely suggest that the higmpus is not involved in this
form of memory but cannot elucidate which otherifbrstructures are critical.
Given the relationship between language processidgverbal comprehension 1Q
scores as reported in the study by Peterson €@)2), one could speculate that
semantic memory deficits are caused by alteraiiotise brain systems which are
important for language processing and that theseah@etworks have not fully

recovered in preterm children until the early sdtage.
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