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Reading a word activates morphologically related words in the mental lexicon. People with
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Alzheimer's disease (AD) or Mild Cognitive Impairment (MCI) often have difficulty
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retrieving words, though the source of this problem is not well understood. To better un-
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derstand the word recognition process in aging and in neurodegenerative disorders such as
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MCI and AD, we investigated the nature of the activation of morphologically related family
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members in 22 Finnish speakers with AD, 24 with MCI, and 17 cognitively healthy elderly.
We presented Finnish monomorphemic (base form) nouns in a single-word lexical decision

Keywords:

experiment to measure the speed of word recognition and its relation to morphological and

Morphological family

lexical variables. Morphological variables included morphological family size (separate for

Lexical decision

compounds and derived words) and pseudo-morphological family size (including the set of

Aging

words that have a partially overlapping form but that do not share an actual morpheme,

Alzheimer's disease

e.g., pet and carpet, or corn and corner). Pseudo-morphological family size was included to

Mild cognitive impairment

examine the influence of words with orthographic (or phonological) overlap that are not

Word recognition

semantically related to the target words. Our analyses revealed that younger and elderly
controls and individuals with MCI or AD were influenced by true morphological overlap
(overlapping forms that also share meaning), as well as by the word's pseudomorphological family. However, elderly controls and individuals with MCI or AD seemed
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to rely more on form overlap than young adults. This demonstrates that an increased
reliance on form-based aspects of language processing in Alzheimer's disease is not
necessarily due to a partial loss of access to semantics, but might be explained in part by a
common age-related change of processes in written word recognition.
© 2018 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1.

Introduction

New words are often formed by combining morphemes (e.g.,
child þ care). Derivation and compounding are frequently used
in word formation in Indo-European languages (e.g., English)
and in Uralic languages (e.g., Finnish). Compounds (e.g.,
childcare, production designer) combine free morphemes, which
are morphemes that can typically stand alone as words. Thus,
the meaning of a compound is relatively transparent by
combining the meanings of its constituent morphemes.
Derived words (e.g., childish, designer) involve adding bound
morphemes (derivational suffixes such as eish and eer) to a
stem. Many compounds and derived words are lexicalized e
they can be found in dictionaries as different lexical entries.
Words that share morphological components form so-called
morphological families, which are sets of words that are
related morphologically (sharing a morpheme) and semantically (sharing a meaning).

1.1.
Distinguishing between semantic and orthographic
aspects of morphological family effects
A word's morphological family can be composed of both
derived and compound words that share a morpheme with
the noun. Morphologically related words have been shown to
influence the speed of lexical processing. For example, words
with larger morphological families are recognized more
quickly than words with smaller morphological families
(Schreuder & Baayen, 1997), demonstrating that morphological family members aid in lexical processing. Words with
larger morphological families also show smaller (i.e., less
negative) N400 amplitudes for event-related potentials
(Mulder, Schreuder, & Dijkstra, 2013), suggesting that the
beneficial effect of morphological family members is mainly
driven by overlapping semantics. This is consistent with other
work showing that converging semantics from multiple
sources speeds up word processing and reduces the size of the
N400 component. For example, a word like doctor primes a
semantically related word like nurse, thus, facilitating its
recognition. The same mechanism may be driving morphological family effects. Bertram, Baayen, and Schreuder (2000)
found semantic facilitation when no explicit semantically
related word was presented: the removal of loosely-related
members of the morphological family improved the statistical power of the morphological family variable they used.
Mulder et al. (2013) argued that if the target word activates its
morphological family members, the activation of the semantics of the family members might boost the activation level of
the target.

However, the morphological family effect may not operate
only at the semantic level. Recent studies have shown that
family size effects might also stem from word-form overlap
with the target, independent of semantic overlap (Milin,
Feldman, Ramscar, Hendrix, & Baayen, 2017; Mulder,
Dijkstra, & Baayen, 2015). Bowers, Davis, and Hanley (2005)
found automatic semantic activation of words that are
embedded within a target word, e.g., hat in that, without any
morphological or semantic relation. Since morphological
family members overlap in both their semantic content and
their form, this may result in even greater facilitation due to
activation boosts from both shared semantics and shared
orthographic form.
Recent work suggests that the effect of semantic and
orthographic overlap may change over the lifespan. Milin et al.
(2017) analyzed lexical decision latencies from the English
Lexicon Project (Balota et al., 2007). They found that semantic
units (“lexomes”) with more connections to other semantic
units slowed reaction times (RT) more for younger adults than
for older adults. The authors explained this as an increase in
the amount of information which the younger participant
group was less proficient in dealing with.
Older adults' larger vocabularies (Ramscar, Hendrix,
Shaoul, Milin, & Baayen, 2014) and less reliance on semantic
connections might have implications for morphological family effects. Thus, increasing age might result in continued
facilitation due to orthographic overlap but less facilitation
due to semantic overlap. This effect may be magnified by
neurodegenerative diseases like Mild Cognitive Impairment
(MCI) and Alzheimer's dementia (AD). Hence, we hypothesized
that our measure of orthographic overlap (pseudo-morphological family) might be a more important predictor of
response latencies than true morphological family size for a)
older compared to younger adults, or b) only the pathological
groups (MCI and AD) of older adults, or c) only those in the
prodromal stage of the disease (AD).

1.2.
Morphological family effects in individuals with
Mild Cognitive Impairment and Alzheimer's disease
One of the most common memory complaints among older
adults is difficulty retrieving words for production (e.g.,
Ossher, Flegal, & Lustig, 2013). Most of these failures appear to
be due to problems accessing the phonological form of the
word rather than a degradation of the word's semantic representation (e.g., Barresi, Nicholas, Connor, Obler, & Albert,
2000), at least before age 70. However, semantic decline has
been the major focus in the study of language breakdown in
Alzheimer's disease (AD) (e.g., Chertkow, Whatmough,
Saumier, & Duong, 2008; Cuetos, Arce, & Martı́nez, 2015;
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Obler, 1983; Obler & Albert, 1981; Obler & Gjerlow, 1999;
Stilwell, Dow, Lamers, & Woods, 2016).
Little is known about how morphological family members
affect lexical processing in healthy aging and in neurodegenerative diseases. The word-finding difficulties observed in
older adults may be due also to changes in how the morphological components of words are processed. Some researchers
have reported differences in morphological processing for
people with AD compared to elderly controls (for French,
Irigaray, 1973; for English, Ullman et al., 1997; Altmann,
Kempler, & Andersen, 2001; Ahmed, Haigh, de Jager, &
Garrard, 2013; Sajjadi, Patterson, Tomek, & Nestor, 2012;
Grossman, Mickanin, Onishi, & Hughes, 1995; for Italian,
Walenski, Sosta, Cappa, & Ullman, 2009; Colombo, Fonti, &
Stracciari, 2009; Fyndanis et al., 2018; for Greek, Fyndanis,
Manouilidou, Koufou, Karampekios, & Tsapakis, 2013;
Fyndanis et al., 2018), whereas others have found no differ & Levy, 2003; for Greek, Kaprinis &
ences (for Hebrew, Kave
Stavrakaki, 2007; for German, Blanken, Dittman, Haas, &
Wallesch, 1987; for English, Ahmed, de Jager, Haigh, &
Garrard, 2012). For a review of morphological processing in
AD, see Auclair-Ouellet (2015).
Evidence provided in Section 1.1 suggests that the way
different people process lexical items differs, with some
people using a more semantic-driven process of lexical
search/recognition and others using a more form-based
approach. Since the language deficits seen in people with
AD appear to be fundamentally semantic, rather than
orthographic or lexical (Adlam, Bozeat, Arnold, Watson, &
Hodges, 2006; Chertkow & Bub, 1990; Duong, Whitehead,
Hanratty, & Chertkow, 2006; Hodges, Salmon, & Butters,
1992; Martin, 1992), this suggests that individuals with AD
would be less likely to gain benefits from the semantic
overlap of morphological family members compared to
elderly healthy controls or younger adults, but that they may
continue to be sensitive to form-based overlap of morphological family members.

1.3.

Morphological family measures

A word's morphological family is typically measured according to its size (the number of morphologically and semantically related compounds and derived words) and frequency
(the summed base frequency of all family members). Most
previous studies investigating the effect of these morphological family measures on word processing have assumed that
compounds and derived words facilitate lexical access of the
target word in the same way, perhaps because in languages
like English and Dutch, the majority of family members are
compounds (e.g., Baayen, Piepenbrock, & Gulikers, 1995).
Nikolaev, Lehtonen, Higby, Hyun, and Ashaie (2018) tested this
assumption in Finnish, where compounds are an extremely
productive class, allowing speakers to form new compounds
at a high rate (Niemi, 2009) due to their semantic transparency. However, unlike compounds that are compact
phrases, and thus are transparent, some Finnish compounds
represent more opaque formations, like the compound kot€rry ‘wheelbarrow’, where the first component kotti does
tika
not exist in the language as a free morpheme. Finnish compounds are almost always written without spaces, unlike in
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English, where onomasiological units like compounds or idioms are typically split into distinct orthographic words.
Derived words in Finnish are typically more opaque than
compounds, and thus, they are usually more strongly lexicalized. For example, according to the Language Bank (of
Finland) corpus (http://www.csc.f; 131.4 million word tokens),
the word kivi ‘stone’ is used in 2137 different compounds but
in only 15 derived words. Nikolaev et al. (2018) administered a
simple lexical decision experiment to young adults using only
monomorphemic words (words consisting of a single
morpheme, such as child). Both measures of morphological
family (size and frequency) that were measured for derived
words significantly predicted word recognition speed. By
contrast, for compounds, only morphological family frequency, not size, was a significant predictor. This suggests
that to understand word recognition processes, morphological family should be measured according to both size and
frequency, and that it should be measured separately for
compounds and derived words, at least in languages with rich
morphology.

1.4.

Pseudo-morphological family measures

While morphological family size has often been suggested to
be semantic in nature (e.g., Baayen, Lieber, & Schreuder, 1997;
Bertram et al., 2000; Jong, Feldman, Schreuder, Pastizzo, &
Baayen, 2001; Moscoso del Prado Martin, Bertram, Schreuder,
& Baayen, 2004), studies by Bowers et al. (2005), Mulder et al.
(2015), and Milin et al. (2017) suggest that the morphological
family effect might stem also from orthographic (i.e., formbased) overlap between the target and its family members.
In order to test our hypothesis about whether morphological
family effects in older adults are more semantic or orthographic in nature, we added a variable that we call pseudomorphological family. For each target word, we calculated
all words (in their base forms) that happened to include the
target word. To provide an example in English, if our target
word was corn, we would include the words corner, cornea, and
cornel as members of the target word's pseudo-morphological
family, and we would also add their base frequencies to the
word's pseudo-morphological family frequency. These associates do not represent true morphologically related words
nor do they necessarily need to be parsed into at least two
morphemes including the target word (e.g., corn þ er). Pseudocomplex forms like cornea and cornel are not processed as
complex, multimorphemic forms unless they contain both a
potential stem (e.g., corn) and a potential suffix (e.g., -er) (Rastle
& Davis, 2008; Whiting, Shtyrov, & Marslen-Wilson, 2014, but
see Milin et al., 2017, for counterevidence, and Feldman,
O’Connor, & Moscoso del Prado Martı́n, 2009, for arguments
against the form-then-meaning assumption). Instead, from a
discriminative perspective (Milin et al., 2017), corn will be
activated to some extent by corner, cornel, and cornea, just as hat
is activated by that (Bowers et al., 2005).
Thus, the pseudo-morphological family measures include
not only “true” morphological family members but also words
that mimic morphological family members by including the
target word, whether or not it is an actual morpheme, and
thus represent orthographic overlap but not necessarily semantic overlap. However, in some cases, morphological
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family members are not included in the pseudomorphological family measures because there is not complete orthographic overlap between them. For instance, the
word lapsi ‘child’ requires stem changes before adding some
derivational or inflectional suffixes. Thus, the derived word
lapsellinen ‘childish’ is not part of lapsi's pseudo-morphological
family because the stem lapse does not completely overlap
with the target word lapsi. As a result, a word's pseudomorphological family is not entirely a superset of its regular
morphological family. However, pseudo-families are typically
larger than regular families, since a pseudo-family included
many regular morphological family members with orthographic overlap with the target as well as other words with
orthographic overlap with the target.

1.5.

Aims of the present study

Most previous studies have focused on only the semantic
component of the effect of morphological family, ignoring the
potential activation of words with form overlap. One reason
for the focus on the semantic aspect of morphological family
effects may be because most studies tested healthy young
adults. Word recognition processes may be different for older
adults, however. A recent study by Milin et al. (2017) showed
that older adults may rely more on orthographic aspects of
words than younger adults do. Furthermore, the semantic
decline seen in people with Alzheimer's disease suggests that
semantics may play a lesser role in word recognition for these
individuals, which may lead them to rely more on orthographic information.
The aim of the current study was to investigate a)
whether healthy younger and older adults differ in terms of
their word recognition processes, and b) whether word
recognition changes for individuals with AD or MCI
compared to healthy older adults. If the nature of the effect
of morphological family is at the level of both semantic and
orthographic overlap, then pseudo-morphological family
should contribute to word recognition speed more than
morphological family. If the effect of morphological family is
more semantically driven, morphological family should
contribute to word recognition speed more than pseudomorphological family.
In order to test these hypotheses, we re-analyzed the
young adult data reported in Nikolaev et al. (2018) by incorporating pseudo-morphological family size and frequency in
the analysis in addition to the measures originally included.
We then administered the same lexical decision experiment
to individuals with MCI or AD, and to cognitively healthy
elderly.

2.

Materials and methods

2.1.

Participants

The young adult group included 31 college students (mean age
25.4 years, SD 5.3, 24 females). The older adult sample
included 17 healthy elderly adults (aged 55e79, mean 65.8, SD
6.6, 8 females), 22 individuals with AD (age 56e83, mean 72.7,
SD 7.6, 12 females), and 24 individuals with MCI (age 58e81,

mean 72.4, SD 6.5, 11 females). All were native Finnish
speakers, and none of them had learned another language
before starting school. Before the session, each participant
gave written informed consent. The research was approved by
the local ethical research committee.
Patients with AD and MCI were recruited during their visit
to the Neurological Clinic at Kuopio University Hospital. AD
patients met the research criteria of the NINCDS-ADRDA
Alzheimer's criteria (McKhann et al., 2011) and Dubois et al.
(2007) for probable AD or prodromal AD. MCI patients met
the criteria set by the International Working Group on Mild
Cognitive Impairment (Albert at al., 2011; Winblad et al., 2004)
for amnestic or multiple domain MCI. Healthy elderly who did
not show obvious neurological, psychiatric, cognitive, or
functional changes in daily life were recruited through a
research project at the Brain Research Unit of the University of
Eastern Finland.
The inclusionary and exclusionary diagnostic measures
included an MRI assessment, cerebrospinal fluid analysis,
electrocardiography, screening for hypertension and depression, blood test, neuropsychological assessment, and interviews. Participants were excluded from enrollment in the
study if they had any obvious brain, systemic, or psychiatric
disorders that could potentially affect cognitive functions.
Such disorders included: stroke, severe depression, or endocrine disorders. Experienced neurologists diagnosed individual patients and determined the person's disease status.
One of the global assessment measures used in this study
was the Clinical Dementia Rating Scale (CDR, Hughes, Berg,
Danziger, Coben, & Martin, 1982) and the Sum of Boxes score
from the CDR (CDR-SOB), which reflects the sum of six domains of the CDR (memory, orientation, judgment and problem solving, community affairs, home and hobbies, and
personal care), and it is considered to provide a good measure
of disease severity (Balsis, Benge, Lowe, Geraci, & Doody, 2015;
Ito & Hutmacher, 2014; O'Bryant et al., 2010). In the older adult
group, there were statistically significant differences between
the AD and control groups (multiple comparison test after
KruskaleWallis: observed difference ¼ 39.8, critical
difference ¼ 13.9), and between the AD and MCI group (obs.
dif. ¼ 17.7, crit. dif. ¼ 12.8), as well as between the MCI and
control group (obs. dif. ¼ 22.1, crit. dif. ¼ 13.6) on this measure.

2.2.

Material and procedure

The same procedure and stimulus materials used to test
young adults in Nikolaev et al. (2018) were used for the older
adult groups with the exception that we added pseudomorphological family size and frequency to our analyses.
Ninety-nine Finnish i-final monomorphemic nouns were
selected and divided into three sets of 33 nouns from three
inflectional types (lasi ‘glass’, savi ‘clay’, and vesi ‘water’).
Nikolaev et al. (2014) and Nikolaev et al. (2018) have found that
words with greater stem allomorphy (vesi-type) are recognized
more quickly than words with lower stem allormophy (lasitype and savi-type). Vesi-type words have 3e4 different stem
allomorphs, whereas savi and lasi types have two stem allomorphs (see Table 1). We chose these word types to examine
whether paradigmatic complexity is modulated by age
(younger vs older adults) or by disease type (MCI and AD).
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Table 1 e A partial number and case matrix of a subset of Finnish i-final noun paradigms.
Singular Nominative
vesi
savi
lasi

Singular Partitive

Singular Genitive

Singular Essive

Plural Partitive

Plural Illative

English gloss

€
veteta
saveea
lasiea

vedeen
saveen
lasien

€
veteena
saveena
lasiena

€
vesiea
saviea
laseeja

vesiein
saviein
laseeihin

‘water’
‘clay’
‘glass’

The base and surface frequencies were extracted from the
Language Bank (of Finland) corpus (http://www.csc.f), which
includes 131.4 million word tokens from written texts. From
the same corpus we calculated morphological family size and
frequency and pseudo-morphological family size and frequency (see Fig. 1(aed)). Morphological family was calculated
separately for compounds and derived words. We analyzed
pseudo-morphological family as a single measure, but also
separately included word position to describe the way in
which the family member and target word overlapped: in
word-initial position (e.g., corn and corner), word-internal position (e.g., pop and soap opera; in Finnish, all compounds are
written without spaces that would indicate boundaries between constituents of a compound), or word-final position (pet
and carpet). The reason for describing pseudo-morphological
family members by position of overlap is that the word position contains different aspects of a word's semantics. In
Finnish, the initial constituent of a compound is a modifier
and the final constituent is a head (similar to English, where
classroom, dining room, and bedroom refer to different types of
rooms). Thus, an influence of orthographic overlap at different
positions of the word might reveal the semantic links between
the target and the compound.
In addition to the 99 i-final monomorphemic nouns, 99 ifinal pseudo-words were created, the phonotactics of which
did not violate Finnish phonology. In order to prevent participants from guessing the right answer based on pseudowords’ lower bigram frequency (cf. Grainger, Dufau, Montant,
Ziegler, & Fagot, 2012), the pseudo-words were matched with
the target word groups for grapheme length and bigram frequency. Seventy-eight a-final nouns from two different
inflectional types and 78 a-final pseudo-words acted as fillers.
The relationship between the real and pseudomorphological family size and frequency measures is shown
in Fig. 1aed, where logarithmically transformed pseudomorphological family size (1a and 1c) or frequency (1b and
1d) is plotted on the y-axis against logarithmically transformed real morphological family size or frequency measured
in compounds (1a and 1b) and derived words (1c and 1d)
plotted on the x-axis. A smoother was fitted using function
xylowess in the “languageR” package in R (Baayen, 2008, 2013).
To be able to better explain variance in reaction times, we
also included additional variables that have been widely used
in the psycholinguistic literature and that might have an influence on the speed of word recognition. Orthographic
neighborhood density, as well as Hamming distance of one
(HD1, Coltheart, Davelaar, Jonasson, & Besner, 1977), were
calculated from the Basic Dictionary of Finnish (1990/1994) by
counting the number of words with the same length but
differing only in the initial letter (neighborhood density) or in
any single letter (HD1). Since Finnish orthographyephonology
mapping is isomorphic, in the present study orthographic

neighbors are equivalent to phonological neighbors. Bigram
frequency, initial trigram frequency, and final trigram frequency (i.e., the average number of times that all combinations of two or three subsequent letters occur in the corpus)
were obtained from the Turun Sanomat Corpus (22.7 million
word tokens) using a computerized search program (Laine &
Virtanen, 1999). To obtain measures of subjective frequency
(i.e., familiarity) ratings, level of concreteness, and pictureability of test items, sixteen additional participants indicated
on a six-point scale (from 0 to 5) their estimates for each of the
target words. In addition, we asked them to estimate how
often the words are seen as proper names (e.g., as a family
name). Participant characteristics may also influence reaction
times (Baayen & Milin, 2010), so we added participants’
gender, age, and years of education as participant-level
explanatory variables.
The participants were given written instructions to decide
as quickly and accurately as possible whether the letter string
on the screen was a real Finnish word or not by pressing the
corresponding button (“yes” for words and “no” for pseudowords) using their dominant hand. The experiment was
divided into two blocks of 177 items each. The order of the
items was randomized across the blocks for each participant.
A practice session included thirty trials with fifteen words and
fifteen pseudo-words not included in the actual experiment.
There were short pauses after the practice session and between the two blocks. The experiment lasted approximately
25 min. Each stimulus was visible for 2500 msec or until a
button press was made, whichever came first. Each stimulus
was preceded by an asterisk in the middle of the screen for
500 msec, after which the screen was blank for 500 msec
before the stimulus appeared in the same position.
The testing was performed in the Neurological department
of the University Hospital of Kuopio or in the Brain Research
Unit of the University of Eastern Finland.

2.3.

Data analysis

We analyzed the data using a mixed effects model (Bates,
€ chler, Bolker, & Walker, 2015). Before running the models,
Ma
we orthogonalized all lexical predictors (described in Material
and procedure) into principal components [PCs; prcomp (data,
scale ¼ T, center ¼ T)] in order to avoid collinearity among the
variables in the models. Five of the PCs explained a proportion
of the variance above .05. The models included participants,
items, and trial numbers as random intercepts and the five
PCs and the other variables as fixed-effect predictors. We also
added by-participant random slopes for the PCs into the
models. Inverted-transformed reaction times (1000/RT) were
the response variable.
Before analysis, we removed trials in which the participants’ response was incorrect (a response of “no” to real
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Fig. 1 e a. The relationship between logarithmically transformed morphological family size measured in compounds and
pseudo-morphological family size. The blue line is a smoother fitted to the data. b. The relationship between logarithmically
transformed morphological family frequency measured in compounds and pseudo-morphological family frequency. c. The
relationship between logarithmically transformed morphological family size measured in derived words and pseudomorphological family size. d. The relationship between logarithmically transformed morphological family frequency
measured in derived words and pseudo-morphological family frequency.

words; young adults: 1.3%, elderly controls: 3.5%, individuals
with MCI: 1.1%, and individuals with AD: 1.7% of responses)
or omissions (young adults: 3.7%, elderly controls: 6.5%, individuals with MCI: 4.8%, and individuals with AD: 5.5% of
responses). Following Baayen and Milin (2010), in order to
improve the model and remove the influence of possible
outliers, we excluded data points with absolute standardized
residuals exceeding 2.5 standard deviations (1.7% of the

data). Data from one participant with AD was removed from
the analyses due to omissions on more than half of the test
items.
In order to choose the best fitting model, we used a stepwise regression [step (model, direction ¼ “both”)] in the
package “lmerTest” (Kuznetsova, Brockhoff, & Christensen,
2017), in which the models' p-values were calculated from
the F test based on Satterthwaite's or Kenward-Roger

c o r t e x 1 1 6 ( 2 0 1 9 ) 9 1 e1 0 3

approximation for the fixed effects and based on likelihood
ratio test for the random effects. This function (step) performs
automatic elimination of the random part followed by elimination of the fixed part. For word-type effects, lasi-type served
as the reference for savi- and vesi-types.

3.

Results

Reaction times to real words were significantly slower for individuals with AD than for elderly controls (Tukey multiple
comparisons of means, p ¼ .008), and significantly slower for
individuals with MCI than for elderly controls (p ¼ .043). There
was no significant difference in reaction times between individuals with AD and individuals with MCI (p ¼ .87). Young
adults showed significantly faster reaction times than all
three elderly groups (p < .001). RT means (and standard deviations) were 757 msec (111) for young adults, 960 msec (177)
for elderly controls, 1136 msec (257) for individuals with MCI,
and 1182 msec (266) for individuals with AD.

3.1.

Principal components

In what follows, we report PCs and their loadings sorted for
each PC (the rotation matrices for these PCs).
Three of the PCs (PC1, PC2, and PC4) turned out to be significant predictors of reaction times (see the models reported
in the next sections). In what follows, we interpret the principal components in terms of those variables that have the
strongest negative or positive loadings on them.
PC1 reflects morphological overlap for compounds (strongest loadings). However, other variables [base frequency,
surface frequency, pseudo-family size (final position overlap),
and morphological overlap for derived words] had loadings
that were close to those for morphological overlap for compounds, but morphological overlap constituted the two highest loadings (.319 and .324) on PC1, and they did not load well
on any of the other four components (see Table 2).
PC2 (Table 3) seems to reflect pseudo-family size and frequency for overlap in the internal position (strongest positive
loadings). The strongest negative loadings of PC2 (bigram
frequency, orthographic Hamming distance of one, final
trigram frequency and orthographic neighborhood density)
are all form-based.
PC3 (Table 4) reflects pseudo-family frequency and size for
internal positions like PC2, but, unlike for PC2, bigram and
trigram frequencies are in the same direction as pseudo-family
frequency and size (i.e., they all have negative loadings on PC3).
PC4 (see Table 5) has strong negative loadings for pictureability, concreteness, and familiarity rating.
PC5 (see Table 6) has strong negative loadings for neighborhood density and Hamming distance of one, as well as a
strong positive loading for initial trigram frequency.

3.2.

Effect of aging

PC1 and PC4 were significant predictors of RTs in the young
adult group. In the model for young adults (shown in Table 7),
PC1 and PC4 have negative estimates, showing that morphological overlap for compounds, base frequency, surface
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Table 2 e The rotation matrix for PC1.
PC1
Length
Concreteness
Pictureability
As proper name
Final trigram freq.
Hamming distance of one
Neighborhood density
Initial trigram freq.
Bigram freq.
Pseudo-family freq. (internal)
Pseudo-family size (internal)
Familiarity rating
Family freq. (derived words)
Pseudo-family freq.(final)
Pseudo-family freq. (initial)
Family size (derived words)
Pseudo-family size (final)
Base freq.
Surface freq.
Pseudo-family size (initial)
Family freq. (compounds)
Family size (compounds)

.186
.134
.067
.013
.011
.020
.021
.035
.066
.134
.181
.211
.218
.242
.268
.288
.288
.305
.310
.318
.319
.324

frequency, pseudo-family size (final position overlap),
morphological overlap for derived words, pictureability, and
concreteness of words are facilitatory variables influencing
RTs. The number of allomorphs was also a significant
predictor.
For elderly controls (Table 8) PC1, PC4, and number of allomorphs were significant predictors, as in the young adult
group. However, in contrast to the young adults, PC2 (with a
strong positive loading of pseudo-family size and frequency for
overlap in the internal position, as well as strong negative
loadings of other form-based orthographic predictors) also

Table 3 e The rotation matrix for PC2.
PC2
Bigram freq.
Hamming distance of one
Final trigram freq.
Neighborhood density
Length
Initial trigram freq.
Pseudo-family size (final)
Pseudo-family freq.(final)
Family freq. (compounds)
Family size (compounds)
Family freq. (derived words)
Family size (derived words)
Surface freq.
Base freq.
Pseudo-family size (initial)
Familiarity rating
As proper name
Pseudo-family freq. (initial)
Concreteness
Pictureability
Pseudo-family size (internal)
Pseudo-family freq. (internal)

.390
.350
.330
.320
.226
.224
.124
.052
.042
.039
.036
.034
.023
.008
.070
.093
.102
.113
.275
.296
.296
.316
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Table 4 e The rotation matrix for PC3.

Table 6 e The rotation matrix for PC5.
PC3

Pseudo-family freq. (internal)
Pseudo-family size (internal)
Bigram freq.
Final trigram freq.
Initial trigram freq.
Pseudo-family size (final)
Pseudo-family freq. (final)
Familiarity rating
Family size (derived words)
Pictureability
Neighborhood density
Concreteness
Hamming distance of one
Base freq.
Pseudo-family size (initial)
Family size (compounds)
As proper name
Family freq. (compounds)
Surface freq.
Family freq. (derived words)
Pseudo-family freq. (initial)
Length

.469
.434
.365
.334
.271
.127
.124
.030
.011
.009
.027
.036
.055
.127
.128
.140
.141
.154
.164
.164
.166
.243

reached significance. In addition, years of education was a
significant predictor of RTs for healthy older adults.

3.3.

Effect of pathology

For individuals with MCI (Table 9), the same PCs that were
found to be significant for elderly controls were significant
predictors: PC1, PC2, and PC4, as well as education. However,
the number of allomorphs was not significant.
Individuals with AD (Table 10) showed no effect of education, but all other significant predictors were the same as
those found for elderly controls.

Table 5 e The rotation matrix for PC4.
PC4
Base freq.
Pseudo-family freq. (internal)
Surface freq.
Pseudo-family size (internal)
Pseudo-family freq. (initial)
Family freq. (derived words)
Family size (derived words)
Pseudo-family size (final)
Pseudo-family size (initial)
Initial trigram freq.
Family size (compounds)
Family freq. (compounds)
Length
Pseudo-family freq. (final)
As proper name
Bigram freq.
Final trigram freq.
Hamming distance of one
Neighborhood density
Familiarity rating
Concreteness
Pictureability

.131
.094
.091
.090
.001
.009
.015
.056
.064
.102
.105
.108
.122
.143
.148
.156
.162
.185
.203
.305
.542
.590

PC5
.550
.513
.187
.182
.021
.014
.008
.005
.008
.023
.025
.044
.046
.048
.072
.074
.080
.101
.182
.212
.245
.439

Neighborhood density
Hamming distance of one
Pseudo-family freq. (internal)
Pseudo-family size (internal)
Pictureability
Pseudo-family freq. (initial)
Pseudo-family size (initial)
Family freq. (compounds)
Family size (compounds)
Family freq. (derived words)
Familiarity rating
Concreteness
Family size (derived words)
Surface freq.
Pseudo-family size (final)
Base freq.
Final trigram freq.
Pseudo-family freq. (final)
Bigram freq.
As proper name
Length
Initial trigram freq.

In the next sections, we summarize how all of the significant predictors are related regarding a) form-based versus
semantic-based components of morphological processing,
and b) the effect of neurodegenerative disease on morphological processing.

3.4.
Contribution of years of education and number of
stem allomorphs
We found a facilitating effect of years of education on the
speed of word recognition in individuals with MCI and the
healthy elderly control group. This means that the more years
of education a person had, the faster her/his recognition of
words was. However, in individuals with AD, years of education did not predict word recognition speed. The range of
years of education was similar for all groups: AD (mean ¼ 10.8
years, SD ¼ 4.2, range ¼ 5e19), MCI (mean ¼ 10.4 years,

Table 7 e Estimated coefficients, standard errors, and tand p-values for the mixed model fitted to the latencies
elicited for 99 i-final words in the lexical decision
experiment for young adults.
Fixed effects

Estimate

Std.Error

t-value

p-value

(Intercept)
Allomorphs
PC1
PC4

1.31
.034
.021
.042

.05
.015
.004
.008

26.36
2.3
5.179
5.224

<.001
.024
<.001
<.001

Corr

Random effects
Groups

Name

Variance

Std.Dev.

Item
Subject

(Intercept)
(Intercept)
PC1

.009
.032
4.765ee05
.055

.095
.179
.007
.235

Residual

Number of obs. 2862; Item, 99; Subject, 31.

.08

99
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Table 8 e Estimated coefficients, standard errors, t- and pvalues for the mixed-model fitted to the latencies elicited
for 99 i-final words in the lexical decision experiment for
elderly controls.
Fixed effects
(Intercept)
Allomorphs
PC1
PC2
PC4
Education

Estimate

Std.Error

t-value

p-value

.72
.022
.011
.011
.02
.024

.157
.01
.003
.005
.006
.011

4.574
2.14
4.122
2.223
3.687
2.237

<.001
.035
<.001
.029
<.001
.041

Random effects
Groups

Name

Variance

Std.Dev.

Item
Subject
Residual

(Intercept)
(Intercept)

.003
.026
.033

.057
.16
.181

Number of obs. 1595; Item, 99; Subject, 17.

Table 9 e Estimated coefficients, standard errors, t- and pvalues for the mixed-model fitted to the latencies elicited
for 99 i-final words in the lexical decision experiment for
individuals with MCI.

(Intercept)
PC1
PC2
PC4
Education

Fixed effects

Estimate

Std.Error

t-value

p-value

(Intercept)
Allomorphs
PC1
PC2
PC4

.876
.018
.011
.011
.018

.051
.009
.003
.004
.005

17.017
2.008
4.097
2.718
3.751

<.001
.048
<.001
.008
<.001

Groups

Name

Variance

Std.Dev.

Corr

Trial
Item
Subject

(Intercept)
(Intercept)
(Intercept)
PC1

.001
.002
.045
4.138ee05
.026

.034
.049
.212
.006
.162

Random effects

Residual

.83

Number of obs. 1879; Item, 99; Subject, 21.

SD ¼ 3.5, range ¼ 6e17), elderly controls (mean ¼ 13.7 years,
SD ¼ 3.7, range ¼ 8e20). Thus, more formal education has a
positive effect on word recognition speed in the preclinical,
prodromal stage of AD, but this is no longer the case when the
disease progressed further. The concept of cognitive reserve
has been proposed to explain the apparent behavioral
compensation mechanism that has been linked to education
(Scarmeas et al., 2003; Stern, 2012; Stern, Alexander,
Prohovnik, & Mayeux, 1992). Our results with healthy older
adults and people with MCI support this idea. The lack of a
correlation for people with AD does not necessarily mean that
individuals with AD do not have cognitive reserve. However, it
might be that at some point in this neurodegenerative disease,
the effect of education provides a weaker benefit.
Stem allomorphy is a morphological variable denoting how
complex a word's paradigm (all inflected forms) is. More
allomorphs reflect greater complexity. Young adults and two
older adult groups (elderly controls and individuals with AD)
showed faster reaction times to words with more stem allomorphs in their inflectional paradigms compared to words
with fewer stem allomorphs, replicating the results obtained
by Nikolaev et al. (2014) and Nikolaev et al. (2018) for young

Fixed effects

Table 10 e Estimated coefficients, standard errors, t- and pvalues for the mixed-model fitted to the latencies elicited
for 99 i-final words in the lexical decision experiment for
individuals with AD.

Estimate

Std.Error

t-value

p-value

.562
.009
.013
.018
.039

.114
.003
.005
.006
.01

4.922
3.218
2.643
3.078
3.708

<.001
.002
.01
.003
.001

adults. Nikolaev et al. (2018) explain why greater complexity
leads to faster responses: since there is variation in the form
(stem allomorphy), but no variation in the meaning, activation
of multiple forms, and, at the same time, activation of the
same meaning should result in activation of a broader
neuronal network for words with higher stem allomorphy
compared to words with no stem variants. When a participant
initiates a word-recognition response following the detection
of a stimulus, the possibility of parallel pathways to the motor
system facilitates response latency by utilizing the principle of
the fastest racer or the fastest group of racers (Miller & Ulrich,
€ ter, Frei, Ulrich, & Miller, 2009). How2003; Raab, 1962; Schro
ever, an alternative explanation is suggested by discriminative learning (e.g., Baayen, Chuang, & Blevins, 2018), which
does not require constructs such as stem, morpheme, or
allomorph, and according to which greater morphological
complexity of words is a more effective discriminative cue for
readers or listeners.
The effect of stem allomorphs was not modulated by age
(healthy younger vs older adults) but it was modulated by
disease type. Unlike the control groups, individuals with MCI
did not show sensitivity to the number of stem allomorphs.
~ o, Ja
€ rvikivi, and Baayen (2018) also reported that speakers of
Lo
Estonian (a close relative of Finnish) aged 21e67 years old
were sensitive to the inflectional paradigm size of the test
items regardless of their age. Inflectional paradigm size is
similar to morphological family size in that both measures are
semantic in nature, whereas stem allomorphy reflects less
semantic and more form-based aspects of morphology (since
there is no variation in meaning across the stem allomorphs,
but only variations in form). This further suggests that in AD,
form-based aspects of morphology are preserved. However,
our participants with MCI appear to be showing deterioration
of some form-based aspects of morphology.

Random effects
Groups

Name

Variance

Std.Dev.

Item
Subject
Residual

(Intercept)
(Intercept)

.003
.03
.061

.056
.174
.248

Number of obs. 2227; Item, 99; Subject, 24.

4.

Discussion

The effect of morphological family on word processing has
two sources. Utilizing a simple word recognition task that
allowed us to test individuals with dementia, we found that

1

We calculated a hierarchical cluster analysis (using D statistic: Hoeffding, 1948) for 10 morphological and pseudomorphological family measures based on the words used in the
experiment.

.2
.3

Pseudo-morph. family size initial

Morph. family freq. derived words

Morph. family size derived words

Pseudo-morph. family size final

Pseudo-morph. family freq final

Morph. family freq. compounds

Morph. family size compounds

Pseudo-morph. family size internal

Pseudo-morph. family freq internal

Pseudo-morph. family freq initial

.4
.5
.6
.7

reliance on these sources changes with age (cf. Mulder, et al.,
2015; Milin et al., 2017). On the one hand, morphological
neighbors share semantics, which facilitates recognition of a
written word when family members are also activated
through semantic convergence. All of the groups showed an
effect of morphological family on word recognition speed
(PC1, see Table 2). On the other hand, words that share
orthography may not be part of the same morphological
family, but may influence word recognition in a similar way.
In the current study, older adults (including individuals with
MCI or AD) were found to rely on both semantic-based
morphological neighbors and form-based neighbors
(pseudo-morphological family members, which had strong
positive loadings on PC2, see Table 3) for quickly recognizing
words. Further evidence that word recognition speed in older
adults is influenced by orthographic aspects of the word
comes from the significant impact of variables such as bigram
and trigram frequency (i.e., the average number of times that
all combinations of two subsequent letters, regardless of their
position in a word, or three subsequent letters in the initial or
final position occur in the corpus), which had strong negative
loadings on PC2. Words with higher bigram or trigram frequencies were recognized more slowly than words with lower
bigram or trigram frequencies. This is likely the result of
greater lexical competition for words with higher bigram frequency. According to Milin et al. (2017), the more a bigram is
shared across lexomes, the less effective it will be as a
discriminative cue.
We hypothesized that the effect of overlapping orthography may differ depending on where the overlap occurred in
the pseudo-morphological family members. Indeed, Fig. 2 1
shows that word-final and word-internal pseudo-morphological family clustered with real morphological family
measured in compounds, and word-initial pseudo-morphological family clustered with real morphological family
measured in derived words.
Both word-initial and word-final pseudo-morphological
families had strong positive loadings on PC1 (Table 2), a
component that was a significant predictor of RTs for all
participant groups. Word-internal pseudo-morphological
family had strong positive loadings on PC2, which was a significant predictor for older adults (including individuals with
MCI or AD), but did not reach significance for young adults.
Fig. 2 shows that pseudo-morphological family with the
overlap in the internal position clusters more distantly with
regular morphological neighbors (compounds) than wordfinal pseudo-morphological family. The reason why the
orthographic overlap in the internal position is more isolated
from regular morphological members is that in Finnish, there
are fewer three-constituent compounds (e.g., sana ‘word’ in
hakusanalomake ‘entry form’, lit. search word form, wordinternal overlap) than two-constituent compounds (e.g., sanakirja ‘dictionary,’ lit. word book, word-initial overlap, or
yhdyssana ‘compound,’ lit. combining word, word-final overlap). Also, there are fewer derived words as final constituents

.1
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Fig. 2 e Hierarchical cluster analysis (using D statistic) for
(pseudo)morphological family variables based on the
experimental words. Pseudo-morphological family was
calculated according to the word position, in which the
family member and target word overlapped: in word-initial
position, word-internal position, or word-final position.

of a compound (e.g., sanasto ‘vocabulary’ in agraarisanasto
‘agrarian vocabulary’) than just derived words (e.g., sanasto,
word-initial overlap). In addition, word-internal overlap also
contains many words that are only orthographically but not
semantically related (e.g., aikalaisanalyysi ‘contemporary analyses’, where a letter string sana in the internal position is
just a coincidence of two adjacent constituents of the compound: aikalais and analyysi). Thus, word-internal pseudomorphological family does not always reflect anything that
looks like a morpheme (since it crosses morphemic boundaries) and is thus more form-based than word-initial and
word-final pseudo-morphological families.
Although we controlled for a number of variables known to
affect word recognition speed, it is in principle possible that a
mixed design with 99 experimental items has somewhat
~ o, Ja
€ rvikivi, Tomaschek, Tucker, &
limited statistical power (Lo
Baayen, 2018) for detecting certain relationships. It is important, then, that additional studies attempt to investigate this
issue further using a new set of stimulus words and in other
languages.

5.

Conclusion

Alzheimer's dementia is often characterized by reduced access to the semantic system. The current study examined the
impact of morphological family and orthographic neighbors
on word recognition among healthy younger and older adults
and individuals with Alzheimer's dementia or Mild Cognitive
Impairment. A novel finding from the current study is that
this reduced access to the semantic system may be accompanied by increased reliance on word form for word recognition. However, people with Mild Cognitive Impairment and
cognitively healthy elderly also showed increased reliance on
form-based measures for recognizing words. This

c o r t e x 1 1 6 ( 2 0 1 9 ) 9 1 e1 0 3

demonstrates that an increased reliance on form-based aspects of language processing in Alzheimer's disease is not
necessarily due to a partial loss of access to semantics, but
might be explained in part by a common age-related change in
the processes involved in written word recognition.

Acknowledgments
We thank all our participants and research assistants. We also
express our gratitude to Harald Baayen and an anonymous
reviewer for their constructive comments and suggestions.
This study is supported by VPH Dementia Research enabled by
EU, Grant agreement No. 601055. AN was supported by the
department of Foreign Languages and Translational Studies at
the University of Eastern Finland. ML was supported by the
Academy of Finland (grant #288880).

references

Adlam, A.-L. R., Bozeat, S., Arnold, R., Watson, P., & Hodges, J. R.
(2006). Semantic knowledge in mild cognitive impairment and
mild Alzheimer's disease. Cortex, 42, 675e684.
Ahmed, S., de Jager, C. A., Haigh, A.-M. F., & Garrard, P. (2012).
Logopenic aphasia in Alzheimer's disease: Clinical variant or
clinical feature? Journal of Neurology Neurosurgery and
Psychiatry, 83, 1056e1062.
Ahmed, S., Haigh, A.-M. F., de Jager, C. A., & Garrard, P. (2013).
Connected speech as a marker of disease progression in
autopsy-proven Alzheimer's disease. Brain, 136, 3727e3737.
Albert, M. S., DeKosky, S. T., Dickson, D., Dubois, B.,
Feldman, H. H., Fox, N. C., et al. (2011). The diagnosis of mild
cognitive impairment due to Alzheimer's disease:
Recommendations from the National Institute on AgingAlzheimer's Association workgroups on diagnostic guidelines
for Alzheimer's disease. Alzheimer's & Dementia e The Journal of
the Alzheimer's Association, 7, 270e279.
Altmann, L. J. P., Kempler, D., & Andersen, E. S. (2001). Speech
errors in Alzheimer's disease: Reevaluating morphosyntactic
preservation. Journal of Speech Language and Hearing Research,
44, 1069e1082.
Auclair-Ouellet, N. (2015). Inflectional morphology in primary
progressive aphasia and Alzheimer's disease: A systematic
review. Journal of Neurolinguistics, 34, 41e64. https://doi.org/
10.1016/j.jneuroling.2014.12.002.
Baayen, R. H. (2008). Exploratory data analysis: An introduction to R
for the language sciences. Cambridge, UK: Cambridge University
Press.
Baayen, R. H. (2013). languageR: Data sets and functions with
“analyzing linguistic data: A practical introduction to statistics”. R
package version 1.4.1. https://CRAN.R-project.org/
package¼languageR.
Baayen, R. H., Chuang, Y. Y., & Blevins, J. P. (2018). Inflectional
morphology with linear mappings. The Mental Lexicon, 13,
233e271.
Baayen, R. H., Lieber, R., & Schreuder, R. (1997). The
morphological complexity of simplex nouns. Linguistics, 35,
861e877.
Baayen, R. H., & Milin, P. (2010). Analyzing reaction times.
International Journal of Psychological Research, 3, 12e28.
Baayen, R. H., Piepenbrock, R., & Gulikers, L. (1995). The CELEX
lexical database (CD-ROM). Philadelphia, PA: Linguistic Data
Consortium.

101

Balota, D. A., Yap, M. J., Cortese, M. J., Hutchison, K. A., Kessler, B.,
Loftis, B., et al. (2007). The English lexicon project. Behavior
Research Methods, 39, 445e459. https://doi.org/10.3758/
BF03193014.
Balsis, S., Benge, J. F., Lowe, D. A., Geraci, L., & Doody, R. S. (2015).
How do scores on the ADAS_COG, MMSE, and CDR-SOB
correspond? The Clinical Neuropsychologist, 29, 1002e1009.
Barresi, B. A., Nicholas, M., Connor, L. T., Obler, L. K., & Albert, M.
(2000). Semantic degradation and lexical access in age-related
naming failures. Aging Neuropsychology and Cognition, 7, 169e178.
Basic Dictionary of Finnish. (1990e1994). Suomen kielen
perussanakirja. Heksinki: Edita Oyj.
€ chler, M., Bolker, B., & Walker, S. (2015). Fitting linear
Bates, D., Ma
mixed-effects models using lme4. Journal of Statistical Software,
67, 1e48.
Bertram, R., Baayen, R. H., & Schreuder, R. (2000). Effects of family
size for complex words. Journal of Memory and Language, 42,
390e405.
Blanken, G., Dittman, J., Haas, J.-C., & Wallesch, C.-W. (1987).
Spontaneous speech in senile dementia and aphasia:
Implications for a neurolinguistic model of language
production. Cognition, 27, 247e274.
Bowers, J. S., Davis, C. J., & Hanley, D. A. (2005). Automatic
semantic activation of embedded words: Is there a “hat” in
“that”? Journal of Memory and Language, 52, 131e143. https://
doi.org/10.1016/j.jml.2004.09.003.
Chertkow, H., & Bub, D. N. (1990). Semantic memory loss in
dementia of Alzheimer's type. Brain, 113, 397e417.
Chertkow, H., Whatmough, C., Saumier, D., & Duong, A. (2008).
Cognitive neuroscience studies of semantic memory in
Alzheimer's disease. Progress in Brain Research, 169, 393e407.
Colombo, L., Fonti, C., & Stracciari, A. (2009). Italian verb inflection
in Alzheimer dementia. Neuropsychologia, 47, 1069e1078.
Coltheart, M., Davelaar, E., Jonasson, J. T., & Besner, D. (1977).
Access to the internal lexicon. In S. Dornick (Ed.), Attention and
performance (Vol. I, pp. 535e556). Hillsdale, NJ: Erlbaum.
Cuetos, F., Arce, N., & Martı́nez, C. (2015). Word recognition in
Alzheimer's disease: Effects of semantic degeneration. Journal of
Neuropsychology, 11, 26e39. https://doi.org/10.1111/jnp.12077.
Dubois, B., Feldman, H. H., Jacova, C., Dekosky, S. T., BarbergerGateau, P., Cummings, J., et al. (2007). Research criteria for the
diagnosis of Alzheimer's disease: Revising the NINCDSADRDA criteria. Lancet Neurology, 6, 734e746. https://doi.org/
10.1016/S1474-4422(07)70178-3.
Duong, A., Whitehead, V., Hanratty, K., & Chertkow, H. (2006). The
nature of lexico-semantic processing deficits in mild cognitive
impairment. Neuropsychologia, 44, 1928e1935.
Feldman, L. B., O'Connor, P. A., & Moscoso del Prado Martı́n, F.
(2009). Early morphological processing is morpho-semantic
and not simply morpho-orthographic: Evidence from the
masked priming paradigm. Psychonomic Bulletin & Review, 16,
684e691.
Fyndanis, V., Arfani, D., Varlokosta, S., Burgio, F., Maculan, A.,
Miceli, G., et al. (2018). Morphosyntactic production in Greekand Italian-speaking individuals with probable Alzheimer's
disease: Evidence from subject-verb agreement, tense/time
reference, and mood. Aphasiology, 32, 61e87. https://doi.org/
10.1080/02687038.2017.1358352.
Fyndanis, V., Manouilidou, C., Koufou, E., Karampekios, S., &
Tsapakis, E. M. (2013). Agrammatic patterns in Alzheimer's
disease: Evidence from tense, agreement, and aspect.
Aphasiology, 27, 178e200.
Grainger, J., Dufau, S., Montant, M., Ziegler, J. C., & Fagot, J. (2012).
Orthographic processing in baboons (Papio papio). Science, 336,
245e248.
Grossman, M., Mickanin, J., Onishi, K., & Hughes, E. (1995). An
aspect of sentence processing in Alzheimer's disease:
Quantifier-noun agreement. Neurology, 45, 85e91.

102

c o r t e x 1 1 6 ( 2 0 1 9 ) 9 1 e1 0 3

Hodges, J. R., Salmon, D. P., & Butters, N. (1992). Semantic
memory impairment in Alzheimer's disease: Failure of access
or degraded knowledge? Neuropsychologica, 30, 301e314.
Hoeffding, W. (1948). A class of statistics with asymptotically
normal distribution. The Annals of Mathematical Statistics, 19,
293e325.
Hughes, C. P., Berg, L., Danziger, W. L., Coben, L. A., & Martin, R. L.
(1982). A new clinical scale for the staging of dementia. The
British Journal of Psychiatry, 140, 566e572.
Irigaray, L. (1973). Le langage des dements. The Hague: Mouton.
Ito, K., & Hutmacher, M. M. (2014). Predicting the time to clinically
worsening in mild cognitive impairment patients and its
utility in clinical trial design by modeling a longitudinal
clinical dementia rating sum of boxes from the ADNI
database. Journal of Alzheimer’s Disease, 40, 967e979.
de Jong, N., Feldman, L. B., Schreuder, R., Pastizzo, M., &
Baayen, R. H. (2001). The processing and representation of
Dutch and English compounds: Peripheral morphological
and central orthographic effects. Brain and Language, 81,
555e567.
Kaprinis, S., & Stavrakaki, S. (2007). Morphological and syntactic
abilities in patients with Alzheimer's disease. Brain and
Language, 103, 59e60.
, G., & Levy, Y. (2003). Morphology in picture descriptions
Kave
provided by persons with Alzheimer's disease. Journal of
Speech, Language and Hearing Research, 46, 341e352.
Kuznetsova, A., Brockhoff, P. B., & Christensen, R. H. B. (2017).
lmerTest package: Tests in linear mixed effects models.
Journal of Statistical Software, 82, 1e26. https://doi.org/10.18637/
jss.v082.i13.
Laine, M., & Virtanen, P. (1999). WordMill lexical search program.
Centre for Cognitive Neuroscience, University of Turku.
~ o, K., Ja
€ rvikivi, J., & Baayen, R. H. (2018). Whole-word frequency
Lo
and inflectional paradigm size facilitate Estonian caseinflected noun processing. Cognition, 175, 20e25.
~ o, K., Ja
€ rvikivi, J., Tomaschek, F., Tucker, B., & Baayen, R. H.
Lo
(2018). Production of Estonian case-inflected nouns shows
whole-word frequency and paradigmatic effects. Morphology,
28, 71e97.
Martin, A. (1992). Semantic knowledge in patients with
Alzheimer's disease: Evidence for degraded representations.
€ ckman (Ed.), Memory functioning in dementia.
In L. Ba
Amsterdam: Elsevier Science Publishers.
McKhann, G. M., Knopman, D. S., Chertkow, H., Hyman, B. T.,
Jack, C. R., Jr., Kawas, C. H., et al. (2011). The diagnosis of
dementia due to Alzheimer's disease: Recommendations from
the National Institute on Aging-Alzheimer's Association
workgroups on diagnostic guidelines for Alzheimer's disease.
Alzheimer's Dementia, 7, 263e269.
Milin, P., Feldman, L. B., Ramscar, M., Hendrix, P., & Baayen, R. H.
(2017). Discrimination in lexical decision. Plos One, 12(2), 1e42.
https://doi.org/10.1371/journal.pone.0171935. e0171935.
Miller, J., & Ulrich, R. (2003). Simple reaction time and statistical
facilitation: A parallel grains model. Cognitive Psychology, 46,
101e151.
Moscoso del Prado Martı́n, F., Bertram, R., Schreuder, R., &
Baayen, R. H. (2004). Morphological size in a morphologically
rich language: The case of Finnish compared to Dutch and
Hebrew. Journal of Experimental Psychology: Learning, Memory
and Cognition, 30, 1271e1278.
Mulder, K., Dijkstra, T., & Baayen, R. H. (2015). Cross-language
activation of morphological relatives in cognates: The role of
orthographic overlap and task-related processing. Frontiers in
Human Neuroscience, 9, 1e18. https://doi.org/10.3389/
fnhum.2015.00016.
Mulder, K., Schreuder, R., & Dijkstra, T. (2013). Morphological
family size effects in L1 and L2 processing: An

electrophysiological study. Language and Cognitive Processes, 28,
1004e1035. https://doi.org/10.1080/01690965.2012.733013.
Niemi, J. (2009). Compounds in Finnish. Lingue e Linguaggio, 2,
233e252.
Nikolaev, A., Lehtonen, M., Higby, E., Hyun, J., & Ashaie, S. (2018).
A facilitatory effect of rich stem allomorphy but not
inflectional productivity on single-word recognition. Applied
Psycholinguistics, 39, 1221e1238. https://doi.org/10.1017/
S0142716418000292.
€a
€ kko
€ nen, A., Niemi, J., Nissi, M., Niskanen, E.,
Nikolaev, A., Pa
€ no
€ nen, M., et al. (2014). Behavioural and ERP effects of
Ko
paradigm complexity on visual word recognition. Language,
Cognition and Neuroscience, 10, 1295e1310.
Obler, L. K. (1983). Language and brain dysfunction in dementia.
In S. Segalowitz (Ed.), Language functions and brain organization
(pp. 267e282). New York, NY: Academic Press.
Obler, L. K., & Albert, M. L. (1981). Language in the elderly aphasic
and in the demented patient. In M. T. Sarno (Ed.), Acquired
aphasia (pp. 385e398). New York, NY: Academic Press.
Obler, L. K., & Gjerlow, K. (1999). Language and the brain.
Cambridge: Cambridge University Press.
Ossher, L., Flegal, K. E., & Lustig, C. (2013). Everyday memory errors
in older adults. Aging, Neuropsychology and Cognition, 20, 220e242.
O'Bryant, S. E., Lacritz, L. H., Hall, J., Waring, S. C., Chan, W.,
Khodr, Z. G., et al. (2010). Validation of the new interpretive
guidelines for the Clinical Dementia Rating scale Sum of Boxes
score in the National Alzheimer's Coordinating Center
Database. Archives of Neurology, 67, 746e749.
Raab, D. H. (1962). Statistical facilitation of simple reaction times.
Transactions of the New York Academy of Sciences, 24, 574e590.
Ramscar, M., Hendrix, P., Shaoul, C., Milin, P., & Baayen, R. H.
(2014). The myth of cognitive decline: Non-linear dynamics of
lifelong learning. Topics in Cognitive Science, 6, 5e42. https://
doi.org/10.1111/tops.12078.
Rastle, K., & Davis, M. H. (2008). Morphological decomposition is
based on the analysis of orthography. Language & Cognitive
Processes, 23, 942e971.
Sajjadi, S. A., Patterson, K., Tomek, M., & Nestor, P. J. (2012).
Abnormalities of connected speech in semantic dementia
versus Alzheimer's disease. Aphasiology, 26, 847e866.
Scarmeas, N., Zarahn, E., Anderson, K. E., Hilton, J., Flynn, J., Van
Heertum, R. L., et al. (2003). Cognitive reserve modulates
functional brain responses during memory tasks: A PET study in
healthy young and elderly subjects. Neuroimage, 19, 1215e1227.
Schreuder, R., & Baayen, R. H. (1997). How complex simplex words
can be. Journal of Memory and Language, 37, 118e139. https://
doi.org/10.1006/jmla.1997.2510.
€ ter, H., Frei, L. S., Ulrich, R., & Miller, J. (2009). The auditory
Schro
redundant signals effect: An influence of number of stimuli or
number of percepts? Attention Perception & Psychophysics, 71,
1375e1384.
Stern, Y. (2012). Cognitive reserve in ageing and Alzheimer's
disease. The Lancet Neurology, 11, 1006e1012.
Stern, Y., Alexander, G. E., Prohovnik, I., & Mayeux, R. (1992).
Inverse relationship between education and parietotemporal
perfusion deficit in Alzheimer's disease. Annals of Neurology,
32, 371e375.
Stilwell, B. L., Dow, R. M., Lamers, C., & Woods, R. T. (2016).
Language changes in bilingual individuals with Alzheimer's
disease. International Journal of Language & Communication
Disorders, 51, 113e127.
Ullman, M. T., Corkin, S., Coppola, M., Hickok, G., Growdon, J. H.,
Koroshetz, W. J., et al. (1997). A neural dissociation within
language: Evidence that the mental dictionary is part of
declarative memory, and that grammatical rules are
processed by the procedural system. Journal of Cognitive
Neuroscience, 9, 266e276.

c o r t e x 1 1 6 ( 2 0 1 9 ) 9 1 e1 0 3

Walenski, M., Sosta, K., Cappa, S., & Ullman, M. T. (2009). Deficits
on irregular verbal morphology in Italian-speaking
Alzheimer's disease patients. Neuropsychologia, 47, 1245e1255.
Whiting, C., Shtyrov, Y., & Marslen-Wilson, W. (2014). Real-time
functional architecture of visual word recognition. Journal of
Cognitive Neuroscience, 27, 246e265.

103

Winblad, B., Palmer, K., Kivipelto, M., Jelic, V., Fratiglioni, L.,
Wahlund, L. O., et al. (2004). Mild cognitive
impairmentebeyond controversies, towards a consensus:
Report of the International Working Group on Mild
Cognitive Impairment. Journal of Internal Medicine, 256,
240e246.

