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Background: The lexical-semantic impairments at different levels of semantic processing are often observed in Mild cognitive
impairment (MCI). To better understand the nature of the lexical-semantic impairment in MCI, this study included two experiments: a

sensory rating task and a lexical decision task.

Subjects and Methods: Twenty individuals diagnosed with MCI were recruited as well as eighty healthy subjects to serve as
a control group. For the first time, the sensory ratings of words were collected in the MCI population and compared with ratings of the

same words collected from the control population.

Results: Furthermore, the MCI patients showed impaired performance related to executive functioning and preserved long-term
memory-related performance. Unlike most studies that found semantic deficits, we were able to observe the highly preserved aspect of

knowledge both in terms of semantic and episodic memory.

Conclusion: Also, we showed that this knowledge could be exploited in visual word recognition, proposing further use of visual
lexical decision task to investigate not only sublexical but also semantic variables in the clinical population.
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INTRODUCTION

Cognitive deterioration is thought to exist on a spec-
trum ranging from normal aging to confirmed dementia.
While dementia implies the existence of cognitive dete-
rioration severe enough to impair daily functioning, mild
cognitive impairment (MCI) is considered a stage at which
cognitive disturbances do not preclude patients from func-
tioning independently and carrying out their usual daily
activities (Aretouli & Brandt, 2010; Winblad et al., 2004).
Although there are several guidelines for diagnosing MCI
(Chenetal.,2021; Jack Jretal., 2018; Kasper et al., 2020),
there are no criteria for diagnosing MCI outlined in the
Diagnostic and Statistical Manual of Mental Disorders
(DSM-5), but a condition that encompasses a more diverse
group of entities called minor neurocognitive disorder
(Sachs-Ericsson & Blazer, 2015). The diagnosis of MCI
remains in the clinical criteria domain, as arbitrary neuro-
psychological testing cut-offs didn’t have predictive value
by themselves (Panza et al., 2005; Ritchie et al., 2001).
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The most established criteria for MCI are the guide-
lines provided by the National Institute on Aging and
Alzheimer’s Association (NIA-AA), which state that
MCI individuals have a cognitive performance below the
expected range for that individual based on all available
information and evidence (Albert et al., 2011; Jack Jr et
al., 2018). Furthermore, MCI individuals perform daily
life activities independently but may experience difficulty
in the more complex daily life activities (Albert et al.,
2011; Jack Jr et al., 2018).

Lexical semantic impairments in MCI are most often
associated with memory loss and/or executive function
impairments, but the exact mechanism of the impairments
remains unclear. Quaranta et al. (2019) indicate that the
performance in categorical fluency test in Alzheimer’s
type dementia and MCI has been variously attributed to
an impairment of semantic memory or a reduced abili-
ty to access the verbal representation of otherwise intact
conceptual representations (Foster et al., 2013; Salehi et
al.; 2017; Tchakoute et al., 2017). Furthermore, Taler et
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al., pointed out that several studies have demonstrated
that significant declines in semantic memory are consis-
tent and common in MCI and early stages of Alzheimer’s
disease (AD) (Ahmed et al., 2008; Barbeau et al., 2012;
Salmon 2012). In addition, Nakhla et al. (2022) findings
suggest that a decline in semantic and episodic memo-
ry may lead to a decline in different and specific aspects
of functional abilities in AD and MCI. Opposite to these
findings, the study of Nevado et al. (2021) suggests that
the semantic network is preserved in MCI but also that the
existing associations are exploited less efficiently during
long-term memory search, possibly because of deficits in
executive functions. Executive functions affect language
comprehension by allowing the speaker to bypass initial
erroneous interpretations of linguistic input, thus prevent-
ing a failure in comprehension (Novick et al., 2005).

Typically, patients with MCI exhibit significantly
worse performance in visual lexical decision tasks, both
in accuracy and processing speed, as observed by multi-
ple research (Bush et al., 2007; Manoulidou et al., 2015),
typically associated with overall cognitive decline. In ad-
dition, research in visual word recognition in a control
population has revealed numerous lexical-semantic vari-
ables related to the organization of memory (Bormann,
2011; Brysbaert et al., 2014; Filipovi¢ Purdevi¢, 2019;
Filipovi¢ DPurdevi¢ & Kosti¢, 2021; Hino et al., 2002;
McRae et al., 2005; Misi¢ & Filipovi¢ PBurdevic, 2021;
Muraki et al., 2020; Rodd et al., 2002, Schwanenflugel
et al., 1988; Yap et al., 2011). Furthermore, it has been
demonstrated that multiple semantic attributes are acti-
vated during word recognition.

In the past decades, there has been a noticeable in-
crease in psycholinguistic studies that emphasize the
importance of perceptual information in the structure
and function of semantic knowledge (Barsalou, 1999;
Meteyard et al., 2010). In the sensory rating task, the par-
ticipants are presented with written words and asked to
rate the extent of their sensory experience with an ob-
ject denoted by the word. Based on the modality-specific
sensory ratings, multiple estimates of perceptual richness
can be estimated. According to the embodied approach
to semantic knowledge, during word recognition, healthy
speakers take advantage of the reactivation of the neu-
ral pathways that were active during the perceptual ex-
perience with an object denoted by the word. Psycholin-
guistic studies show the perceptual richness effect over
and above the concreteness effect (Connell & Lynott,
2012; Filipovi¢ Burdevi¢ et al., 2016; Lynott & Connell,
2009; Lynott et al., 2020; Miklashevsky, 2018; Speed &

Brysbaert, 2021; Vergallito et al., 2020), faster processing
in visual lexical decision task (Filipovi¢ Purdevi¢ et al.,
2016), better-cued recall in PAL (Popovi¢ Stijaci¢ & Fili-
povi¢ Purdevié, 2015; 2022) and congruence of modali-
ties effect (Connell & Lynott, 2014; Scerrati et al., 2017;
Zivanovi¢ & Filipovié¢ Purdevi¢, 2011).

Our aim is to investigate the status of conceptual
knowledge in MCI population from a novel angle, by
building upon the conclusions that semantic memory
impairment represents an important part of the MCI pro-
file, in addition to problems with episodic memory and
executive functions (Joubert et al., 2010; Joubert et al.,
2021; Manoulidou et al., 2014; Olichney et al., 2002),
and taking advantage of the latest findings in the study
of sensory norms and the role of perceptual variables in
language processing (Connell & Lynott 2012; Filipovic¢
Purdevic¢ et al., 2016; Lynott & Connell, 2009). In or-
der to achieve this goal, we set several objectives. Our
first objective will be to collect sensory norms for nouns
from individuals with MCI to elicit their knowledge of
objects denoted by those words. By doing so, we aim to
evaluate the status of their semantic memory. Our second
objective will be to conduct one visual lexical decision
task (VLD) to investigate whether individuals with MCI
reveal sensitivity to perceptual properties of the objects
denoted by those words during word recognition. To the
best of our knowledge, none of the two goals has been set
in the previous studies.

SUBJECTS AND METHODS
Study 1: Sensory ratings

In the first study, we administered a group of nouns to
individuals with MCI and the control group, asking them
to rate the sensory experience with the objects denoted by
those nouns and to do that separately for five sensory mo-
dalities. Therefore, they rated how much something can
be seen, heard, touched, tasted, and smelled. The rating
was performed separately for the knowledge of the possi-
bility of experiencing, therefore tapping into the general
knowledge of these objects, and the memory of the actu-
al personal experience with the object, thus also tapping
into episodic memory. By comparing the ratings of the
MCI group to the ratings of the healthy controls, we will
gain insight into the state of the semantic (and episodic)
memory of individuals with MCI
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Study 2: Visual Lexical decision task

In this study, we applied a visual lexical decision task
to investigate the effects of a semantic variable, namely
perceptual richness, on lexical decision time. Previous re-
search used this task to investigate sublexical variables,
such as orthographic features, whereas semantics was
typically investigated using other tasks (Froeclich et al.,
2016; Vita et al., 2014). Here, we aim to use a visual lex-
ical decision task to asses semantic memory.

Method
Participants

The recruitment of subjects for the study and subse-
quent data collection was approved by the ethics com-
mittee of the University Psychiatric Hospital Vrapce,
Zagreb, Croatia. Subjects were divided into mild cogni-
tive impairment (MCI) and healthy controls (HC). The
MCI group’s inclusion criteria required them to meet the
NIA-AA guidelines and were stratified according to the
MMSE score and educational level regarding popula-
tion-based norms (Crum et al., 1993, Jack Jr et al., 2018).
MCI participants were, as per defined exclusion criteria,
not diagnosed with any psychiatric or general medical
condition that could explain their cognitive changes, in-
cluding other psychiatric diagnoses, neurological diagno-
ses, and acute somatic disease. Subjects in the MCI group
were recruited while being provided with standard care at
the University Psychiatric Hospital Vrapce.

The final clinical sample included 20 individuals di-
agnosed with MCI, with a mean age of 74.9 (SD=10.1).
All but one were right-handed, and 20% of the subjects
were males. Based on years spent in education, on aver-
age, these participants were halfway through high school
(M=10.15, SD = 3.51). The MCI group had a relatively
low average Mini-Mental State Examination (MMSE)
score (M=19.8, SD=4.4), which indicated more signif-
icant cognitive deterioration. Two participants from the
MCI group failed to finish the test (therefore, the data
from 18 participants was analyzed). The mean age of
the final sample was 75.50 (SD = 9.53), all but one were
right-handed, 22.22% were male, the average number of
years spent in education was 9.72 (SD = 3.37), and the
average score on MMSE was 19.85 (SD = 4.56). Healthy
control subjects were recruited from the population of
students at the University of Zagreb. The data were col-
lected from 39 participants, aged 20 to 25 years. Howev-
er, four participants failed to finish the test and were thus
excluded.
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For the second study, the participants from the MCI
group were the same 20 participants as in Study 1. A nov-
el group of 41 control participants was recruited from the
same population of students at the University of Zagreb.

Materials and design

In the first study, we selected 30 familiar and con-
crete nouns which differed concerning the distribution of
modality-specific sensory ratings. The selection criterion
was to sample a small number of words that would span
various types of distributions and which would differ to
possible versus actual experience.

In the second study, participants were presented with
60 Croatian words and 60 pseudo-words. All stimuli were
taken from the study by Zivanovi¢ and FilipoviéDurdevi¢
(2011) and adapted to Croatian. Word stimuli consisted
of 20 words denoting objects that could be experienced in
the visual modality, 20 words denoting objects that could
be experienced in the auditory modality, and 20 words
denoting objects that could be experienced in a multitude
of modalities. Pseudo-words were created by replacing
the final letter of existing words and were consequently
highly word-like. Word frequency measures were tak-
en from the Croatian web corpus (Ljubesi¢ & Klubicka
2014; 2016).

Procedure

For the first study, the procedure was identical for the
control and MCI groups. The experiment was organized
into two blocks. In the first block, the task was to rate the
possibility of experiencing the object denoted by the word
in each of the five sensory modalities (visual, auditory,
tactile, gustatory, olfactory). In the second block, the task
was to perform the same rating for the actual experience
with the objects. Within each block, the target word would
appear at the top of the screen with five rating scales pre-
sented below. Each sensory modality was presented with a
question and a five-point rating scale next to the question.
Extreme rating scale points were marked by “Not at all”
and “To a large extent.” The participants had unlimited
time to provide their ratings by checking the appropriate
boxes, and by pressing the “Next” button, they proceeded
to the next word. The sequence of words within the block
was randomized across participants. Before beginning the
task, the participants were given detailed instructions, fol-
lowed by three examples and three practice stimuli.

The only difference between the procedures for the two
groups of participants was that we used different software
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for presentation and data collection. For reasons unrelated
to experimental design, the experiment for the controlled
group was prepared in the Sosci platform for online data
collection (Leiner, 2019), whereas the experiment for
the MCI group was prepared in OpenSesame software
(Mathot et al., 2012). Also, control participants completed
the task at home, whereas the participants with MCI were
tested in controlled conditions in the hospital. The level
of cognitive deterioration was assessed using the MMSE,
a brief and widely used test for screening for dementia.
MMSE is an 11-item, 30-point test that evaluates different
functions, including orientation, recall, registration, mem-
ory, language, and the ability to follow simple orders and
draw a complex polygon (Folstein, 1975).

For the second study, the experiment was prepared and
ran in OpenSesame software (Mathot et al., 2012). Control
participants were performing the task from home, using
an online presentation, whereas participants from the MCI
group completed the task in a more controlled hospital en-
vironment. All participants were presented with a visual
lexical decision task in which each trial would start by pre-
senting a blank screen for 500ms and a fixation point for
1000ms, followed by either word or pseudo-word, which
would remain on the screen until the response, or 5000ms
timeout. The Stimuli presentation was randomized indi-
vidually for each participant. Before the experiment, par-
ticipants were provided with detailed instructions and 20
practice trials not included in the analyses.

Data analysis

For both studies, the data were analyzed using R sta-
tistical software (R Core Team 2022), applying packag-
es ggplot2 (Wickham 2016), Ime4 (Bates et al., 2015),
Imertest (Kuznetsova et al., 2017), and RePsychLing
(Bates et al., 2015; Matuschek et al., 2017). We applied
correlation analysis, t-test, and conducted linear and
generalized linear mixed-effects regression when appro-
priate. The models were built by considering the recom-
mendations provided by Barr et al. (2013), thus including
random slopes whenever justified by design. However,
we also additionally checked whether their inclusion
was justified by the data, as suggested by Bates et al.
(2015) and Matuschek et al. (2017). The reaction time
was transformed according to recommendations provided
by Baayen and Milin (2010). Each model was refitted by
excluding the residuals outside the -/+ 2.5 standard devi-
ation units range. In doing so, between 3.2% and 4.5% of
the data points were removed in various analyses. This
process did not affect the structure of the effects, and re-
fitted models were reported.

RESULTS

In the first study, the ratings collected from control
and MCI participants are available as Supplementary ma-
terial to this paper. As presented in the top right segment
of Figure 1, participants with MCI provided ratings that
were highly similar to the ratings provided by the control
group: =944 (.93-.955; t(298) = 49.6, p < .0001). The
correlations were almost identical across modalities.

As presented in the bottom row of Figure 1 in red, the
control participants rated the words mostly as either very
easy to experience or very unlikely to be experienced by
the given sensory modality. The revealed bimodal distri-
bution of ratings is expected, given the strategy, we ap-
plied in choosing the stimuli, and it revealed more about
the stimuli than about the participants. Additionally, the
two groups of participants (red and blue in Figure 1)
provided highly similar bimodal patterns of results, as
also visible from the high correlation between the rat-
ings provided by the two groups (as depicted in Figure
1). However, we observed the discrepancy between the
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Figure 1. Ratings provided by the MCI group and the
control group

Upper left figure: correlation between mean by-item modal-
ity-specific sensory ratings obtained from the control group
(x-axis) and the group of participants with MCI (y-axis).
Upper right figure: probability of extreme responses for the
possible and actual experience provided by the MCI and the
control participants.

Bottom figure: distribution of average ratings for possible (left)
and actual (right) experience, provided by the participants from
the control (red) and MSI group (blue).

183



= “BIep [DJA JO 19sqNS a1} U0 pajonpuod (Suryes o3ueIprui-() <Suner
= Jwonxo-1) Suner adA3-owonxd ue Juipraoid jJo Ajiqeqord o) 03 9100s FSINIA PUB “QoudLIddxo ‘AJIepow JO UOISSaIZAI S}OJO-PIXIW JedUI| POZI[BIUSS AU} WOIJ SJUSIOLJO00 Y[ :LHOIY
g ,/m *(Sunex oSueiprw-(
S = ‘Funer swonxo-1) Suner odA3-owonxd ue Jurpraoid Jo Arpiqeqord oyy 03 douorddxs pue dnoid juedronied oy) Jo UOISSOIZAI S)OQPO-PIXIW JEAUI| POZI[BIOUST O} WOIJ SJUIOLYO00 Y[, 1491
5+
)
< 3
” m 100>  <C0S'T 65L°0  8S6'S 61°0 Ierl [rensia]Ayepoy
.m 2 100>  9¥80  8LI'0  C00°¢ ILT°0 cIso [arnoer]Kifepoin

=
M £ L8O 8€0°0 TLSO- VILT-  9ST'0  L9TO- [£A1010e510]K11[EPOIN
& wom [oouarradxo
M m DIM 100> S80°I ¢6£°0 8l LLTO 6€L°0 [£10e3s0S]AI[EPOIN.  [000>  090°C ey L69°¢ 79¢  T9vE°1 aqissod ‘syuedionred
cm S [onu09] 1dosrojuy
B
m ss 100> 690 8€T0  920F  SIT0  ¥9°0 [femoeJoousrradxyg  1000>  LSL'Y  vPL'T  €0€L  SEIST  HOSL'E [remoe]oouarradxy
RS . . o e . . yuedroned . . . ; . . T
m mw 100>  +90°0 ¢C0-  695°¢ ¥0'0  ¢rl0 oy} Jo 21008 TSI 1000>  898'S [L0E  S9C9  VEIL™  969%V DN D)
A /w, = [A1epow [ooudrradxa

;Y Q 3 . . . . . . [3

g Nw S 100>  ¢9S'L 8L'€  8L8S  $96°0 [L9°S  Atonpny ‘soudtadxe  [1000>  090'C (@89 L69°¢ I79¢ 19v€°1 d]qrssod ‘syuedronred
.m ) JqIssod Jrdaoroug [013u09] 3doorajuy
- =% 0) Jo1ryg D Jouyg
= 5§ Z|<)1 2%G6- ONJeA Z ) drewns Z|<)I 0,56~ ONJeAZ ) ojewns
A (A, o 1D%56- o S q (A, o 1D %6~ om IS d
“§ m :$1991J9 PAXI]
= wm . . Syueunsnipe
= m,m L0g 60 adoys [femor]eousiadxs wan-Ag
gz . . sjuoumsnipe
> m we 890 odoys [9[qrssod]oousrodxe woy-Ag
.,m m 5 0L0’- °Yéard syuounsnipe adoys [[DN]dnoI8 woy-Ag
M m m 606" ozg  syuoumsnipe adofs [[onuod]dnois woy-Ag
m & .W 110° 1000° syuoumsn(pe jdoorojur wo-Ag
252
ERES . . Juedronaed oy Jo 9100s FSININ JO 1997 . ) syjuaunsnfpe
5 W % 510 2000 -Jo oy 103 syuaunsnfpe adofs wo-Ag 9LEY stel odoys [Temoe]oousrradxe juedionred-Ag
,Mc, 5 : P syuounsnipe jdoorsjur wey-A : : sjuounsn(pe
m m 60T’ oyl JUSUASTEPE 3 it EAd ol 665°C odoys [91qissod]eousrodxa juedronied-Ag
M nm ]68°1 ySy'c  syuounsnipe 3dosioyur juedronred-Ag R61°1 9¢y'1 syuounsnipe jdoordyur juedronied-Ag
.,m .m UOIIBIASD 1S JoUBLIBA UONIBIAJD IS J0UBLIBA
Wmlr 2 :$)09 7 WopuBy

<
wm dnois [DJAl Y3 A[uo pajonpuod sisAjeuy (g (IDJAl pue [0.3u0)) sjuedppaed [e uo pajonpuod sisAjeuy (v
A

dnoi3 DN pue juedroned oty JO UOISSIITAT SIOIJJO-PIXIW JBAUI| PAZI[BIOUIS Y} WOIJ SJUSIOYJI00 Y], ' 9[qeL.

184



Dusica Filipovi¢ Purdevi¢, Martina Sekuli¢ Sovi¢, Vlasta Erdeljac, Ninoslav Mimica, Drazenka Ostoji¢, Dubravka Kalini¢, Jaksa Vukojevi¢ &
Aleksandar Savi¢: Sensory ratings and sensitivity to perceptual variables: Novel approach to evaluating semantic memory in mild

cognitive impairment

Psychiatria Danubina, 2025; Vol. 37, No. 2, pp 180-193

two groups, as the control participants tended to produce
more mid-range ratings as compared to participants with
MCI, which seemed to be slightly more prone to provid-
ing extreme ratings (either 0 or 4) as compared to the con-
trol group.

To test whether the observed differences between the
two groups were significant, we conducted generalized
mixed-effect regression with the participant group (con-
trol, MCI) and experience type (possible, actual) as fixed
effects. By dichotomizing the rating scale, we created a
binomial variable, with level 1 indicating the presence of
the extreme rating (either O or 4) and level 0 indicating
the absence of the extreme rating, i.e., the presence of
the mid-range rating (1, 2, or 3). In addition to by-par-
ticipant and by-item intercept adjustments, the random
effects in our model were also by-participant slope ad-
justments for experience type and by-item slope adjust-
ments for the effects of experience type and participant
group. As presented in Table 1A (lefthand side od the ta-
ble, and illustrated in the top righthand segment of Figure
1), participants were more prone to giving extreme actual
experience ratings than the ratings of possible experience.
Crucially, as predicted, participants with MCI were more
likely to give extreme ratings than control participants.
Although this difference tended to be more pronounced
in the case of possible experience, the interaction was in-
significant (p=.06).

To test whether the observed tendency of the MCI
group to provide extreme ratings was related to cogni-
tive decline and not merely a consequence of the age dif-
ference between the MCI group and the control group,
we conducted another analysis of the data from the MCI
group. Here, we included the MMSE score as the main
predictor and experience and modality as fixed effects.
The final model (presented in Table 1B, right), in addition
to the effects of experience and modality, also revealed
the effect of the MMSE score. We observed that the par-
ticipants with higher MMSE scores (less decline) were
less likely to provide an extreme rating, i.e., were more
likely to provide a mid-range rating. Therefore, the dif-
ference reported in Table 1A can not be attributed only to
the age difference; it is also related to cognitive decline.

For the second study, we first analyzed the full data
set to test the prediction regarding the performance of
participants with MCI on pseudo-words compared to
words. As depicted in Figure 2 (left), the overall accura-
cy of participants with MCI is lower than that of control
participants, and the difference is particularly dramatic
in the case of pseudo-words. This has been confirmed
in generalized mixed effects regression which revealed
a significant interaction between groups of participants
and lexicality (Table 2A, left). This pattern of results is

Control MClI
1.00 - - Response
B Correct
B Error
075 - -
None
-
S
3 050 - -
o
025 - -
0.00
Word  Pseudoword Word  Pseudoword
Lexicality
Group
Il Control
H vcl

RT (ms)

Word Pseudoword

Lexicality

Figure 2. Accuracy and reaction time for the control
group and MCI group, as observed in VLD task.

Lefthand figure: Proportion of the errors, correct responses,
and missing responses to words and pseudowords, for the
control group and MCI group.

Righthand figure: average reaction time of the participants
from the control and MCI group to words and pseudowords in
VLD task.

repeated on processing latencies, as depicted in Figure 2
(right) and Table 3A (left).

To further test our hypothesis that cognitive impair-
ment should be seen as the cause of the high error rate
in the VLD task, we conducted generalized linear mixed
effects regression on the subset of data from partici-
pants with MCI in which we tested whether their score
on MMSE test could predict the accuracy. As presented
in Table 2B (right), individuals who scored higher were
more likely to respond accurately to both words and pseu-
do-words (the interaction was tested but was insignifi-
cant). Therefore, the tendency to make more errors was
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not only the consequence of the MCI group’s age but was
also related to the level of cognitive decline.

In the subsequent step, we also tested for the effects
of participant group and item lexicality on correct re-
sponse processing latencies. We observed a pattern that
mirrored the results obtained in the analysis of accuracy
data. Figure 3 and Table 3A (left) depict that the MCI
group participants were dramatically slower than the con-
trol participants. Additionally, both groups of participants
were slower to respond to pseudo-words than words. This
difference seemed even more pronounced within the MCI
group, as we also observed significant group-by-lexicality
interaction. In the final step, we applied linear mixed-ef-
fects regression analysis to the processing latencies for
the subset of words presented to the MCI participants in
the VLD task. The model coefficients presented in Table
3B (right) revealed typical significant effects of all tested
fixed effect predictors. As illustrated in Figure 3, the word
length in letters was positively correlated with processing
latencies, whereas (log) word frequency and perceptual
richness were negatively correlated with processing la-
tencies.

DISCUSSION

The results of the study present different levels of
lexical-semantic processing in MCI. For the first time,
the sensory ratings of words in the MCI population have
been compared with ratings of the same words collected

S000

from the control population. The results show that partic-
ipants with MCI provided ratings highly similar to those
provided by the control group, thus indicating preserved
semantic knowledge. This finding is in accordance with
the studies that compared young adults to healthy old-
er speakers (Froehlich et al., 2018, Froehlich & Jacobs
2016). However, our findings are not following the results
of the studies that investigated the semantic knowledge
of MCI individuals (Joubert et al., 2010; Joubert et al.,
2021; Manoulidou et al., 2014; Olichney et al., 2002). We
showed that there is a preserved aspect of the knowledge
of the sensory modalities that can be used to investigate
an object denoted by the word. In addition to observing
the similarity in semantic knowledge of concepts being
explorable in different sensory modalities, we also ob-
served that MCI and the control group were equally simi-
lar in terms of ratings based on actual personal memories
of experiences, indicating a preserved aspect of episodic
memory. However, we also observed that the MCI group
tended to give more extreme ratings, making the decision
more binary. That “binarization” can conditionally be
seen as a simplification of the task, as there is a reduction
in information load and, consequently, the number of pos-
sible replies, reducing processing requirements.
Furthermore, their tendency to give more extreme an-
swers is related to the degree of cognitive impairment.
Higher MMSE scores made subjects less prone to giving
extreme ratings, thus corroborating our interpretation of
binarization as the off-loading strategy. This finding also
follows frequent observations of executive function prob-
lems in the MCI population (e.g., Novick et al., 2005).
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Figure 3. Processing latencies of two groups for words and pseudowords.
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In the lexical decision task, the overall accuracy of
participants with MCI is lower than that of control par-
ticipants, and the difference is particularly dramatic in the
case of pseudo-words. This pattern was also reflected in
longer processing latencies. Crucially, individuals who
scored higher on MMSE were more likely to provide ac-
curate responses to both words and pseudo-words, indi-
cating that the problems with accuracy were related to the
level of cognitive decline. However, our main focus in the
lexical decision task was on the effects of lexical-semantic
variables. We observed typical effects of word length and
(log) word frequency, as previously observed (Froechlich
et al., 2016; Spaniol et al., 2006). Crucially, we docu-
mented the effect of summed sensory ratings (perceptual
richness) on processing latencies for the first time. These
effects indicated that long-term memory-related process-
es were well preserved within the population. The state of
semantic knowledge has been tested in semantic decision
tasks (Froeclich et al., 2016) and semantic fluency tasks
(Vita et al., 2014). Here, we have applied a visual lexi-
cal decision task to test for semantic variables’ effects. In
sum, the MCI patients showed impaired performance that
could be related to executive functioning and preserved
long-term memory-related performance. These findings
are from previous lexical semantics studies in MCI relat-
ed to impairment in language processing caused by ex-
ecutive dysfunction (Novick et al., 2005; Manouilidou et
al., 2015; Nikolaev et al., 2019).

To summarize, we observed some dramatic and
some subtle differences between the MCI and the con-
trol group. Some of those were predictable (e.g., higher
error rate and lower overall processing speed), whereas
some were recorded for the first time (e.g., the profile of
sensory ratings, the increased tendency towards binariza-
tion of the ratings, the effect of perceptual variables on
the lexical decision). Before generalizing, we should be
aware of the nature of our control group, which consist-
ed of young, healthy, and well-educated adults. In other
words, our control group was not properly matched with
the MCI group. However, we believe that this issue is
partly resolved by our finding that, within the MCI group,
the tendency towards binarization and the lexical deci-
sion performance was related to the MMSE score. The
next potential confounding risk is related to the fact that
the MCI group was tested in the lab (hospital), where-
as control participants performed the tasks online using
their computers. However, rich research that compared
the data collected in the lab and in the wild converged in a
solid conclusion that there were no differences that could
be related either to hardware or the online vs. offline test-
ing conditions (Bridges et al., 2020; de Leeuw & Motz,
2016; Filipovi¢ Purdevi¢, 2020; Filipovi¢ Purdevi¢ &

Purdevi¢, 2021; Hilbig, 2016; Kim et al., 2019). While
MMSE scores in the present study tend to be lower than
expected in the MCI population, we must be aware of dif-
ferent factors that influence MMSE scores. The primary
reason a more detailed evaluation of those scores in an
MCI population, and factors influencing them, was not at-
tempted was that we used clinical criteria to define MCI,
and MMSE scores were used solely as a way to achieve
intersubject comparison, allowing us to see if identified
lexical-semantic processing effects scaled with the cog-
nitive deterioration or not. In addition to this limitation,
several issues should be addressed in future studies: in-
cluding more subjects to make clearer conclusions, an
increase of statistical power, as the MCI group is more
likely to be a heterogeneous group of individuals, and
constructing future longitudinal studies to follow changes
in the MCI population over time.

CONCLUSION

In conclusion, the study brought a novel approach
to investigating the status of semantic memory in the
MCI population. For the first time, the sensory norms
are collected from the MCI speakers, and a visual lexical
decision task is used to investigate the effects of the se-
mantic variable of perceptual richness on the processing
latencies of MCI individuals. The collected norms high-
ly resembled those of the healthy controls, suggesting
preserved semantic and episodic knowledge of sensory
properties of objects denoted by the presented words. The
MCI speakers were also sensitive to the perceptual rich-
ness of objects denoted by the words in the visual lexical
decision task, further corroborating this conclusion. We
believe that in the future, the observed profile of results
in these tasks could help differentiate the MCI from some
other conditions.
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