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Language Processing of Seniors with Alzheimer’s
Disease: From the Perspective of Temporal
Parameters
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Abstract—The present paper aims to examine the language
processing of Chinese-speaking seniors with Alzheimer’s disease
(AD) from the perspective of temporal cues. Twenty healthy adults,
17 healthy seniors, and 13 seniors with AD in Taiwan participated in
this study to tell stories based on two sets of pictures. Nine temporal
cues were fetched and analyzed. Oral productions in Mandarin
Chinese were compared and discussed to examine to what extent and
in what way these three groups of participants performed with
significant differences. Results indicated that the age effects were
significant in filled pauses. The dementia effects were significant in
mean duration of pauses, empty pauses, filled pauses, lexical pauses,
normalized mean duration of filled pauses and lexical pauses. The
findings reported in the current paper help characterize the nature of
language processing in seniors with or without AD, and contribute to
the interactions between the AD neural mechanism and their
temporal parameters.
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[. INTRODUCTION

VER the past decades, more and more research has been
conducted to examine the language structure of persons
with AD. Temporal forms have, however, received the least
attention, especially the temporal forms of AD persons when
they are using natural languages. Recent studies have focused
mainly on natural language production in order to quantify the
phenomenon of lexical impairment for early AD persons.
These impairments include word-finding difficulties and
discourse impairments in daily conversation, most of which
originate from the failure of successful language planning of
production in the cognitive process. In regard to the
quantification of language planning of production, to study
“pauses” is a common and effective way in the preceding
literature. According to [1], [2], pauses are considered an
important index to reflect cognitive activities, practically, in
discourse performance. A larger number of pauses, longer
pauses, and inappropriate distribution of pauses practically
reflect some extent of the obstruction in cognitive operation,
and simultaneously, affects the performance of language
fluency. Reference [3] found that the acoustic data of AD
pauses can specifically reflect their difficulty with word-
finding and the problems of language production planning.
Examination of natural acoustic phonetic data is a technique
that costs relatively little and decreases the uncomfortable
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feelings of patients or participants at the same time [4]-[7].
These acoustic phonetic variables can provide reliable and
concrete data for testing the cognitive developing process of
AD persons, such as language production planning, structure
and organization of semantic memory [8], the operation of
naming [9], and the operating process of lexical semantics
[10].

Currently, an increasing amount of research is being done to
detect the acoustic features of AD persons (see [3], [11]-[17]).
Studies have shown that a larger number of impairments are
found in the group of AD persons than in the control group,
and the specific phonetic features of AD persons have been
identified. So far, the acoustic research on the temporal forms
of Mandarin-speaking AD persons is still at the startup stage.
It is important to investigate the acoustic phonetic parameters
in natural language since it can clearly present the speech
skills and language skills of participants using a reliable and
scientific approach [18], [14]. This study aimed to examine the
acoustic phonetic parameters of Mandarin-speaking AD
persons and their healthy-control counterparts, and to analyze
nine temporal cues, namely articulation rate, hesitation ratio,
mean duration of pauses, mean duration of empty pauses,
normalized mean duration of empty pauses, mean duration of
filled pauses, normalized mean duration of filled pauses, mean
duration of lexical pauses, and normalized mean duration of
lexical pauses.

II. METHOD

This section introduces the design of the current research.
The participants, procedures and data analysis are explicitly
described below.

A. Participants

Fifty persons participated in the study. These participants
were further divided into three subgroups: 20 healthy adults
(HA), 17 healthy seniors (HS), and 13 seniors with AD. The
adults in the HA group ranged from 20 to 30 years old, and the
seniors in the HS group and the AD group ranged from 60 to
83 years old. All participants were born in Taiwan.

Participants with AD were recruited through memory
clinics. They were diagnosed as having probable AD as
defined by Kaohsiung Veterans General Hospital (KVGH),
Taiwan, by following the NINCDS-ADRDA criteria [19].
According to the results of laboratory tests, the AD
participants in this study were not suffering from other
disorders. They were therefore reliably clinically-diagnosed as
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probable AD.

B. Procedures

Each participant was individually asked to tell stories based
on two sets of pictures, Set 1 and Set 2 [20]. Each set included
four pictures, marked by numbers one to four. The participants
were encouraged to follow the sequence and to tell what was
happening in the picture one by one. Examples of instructions
were “Could you please tell me what is happening in these
pictures?” or ‘“Please describe any information conveyed in
these pictures.” Oral productions were tape-recorded. After the
participants expressed that they had finished or after 30
seconds of silence, the recording was stopped.

C.Data Analysis

The participants’ performance data in the story-telling task
were analyzed. Temporal features of pauses were fetched and
analyzed with the help of PRAAT [21]. Reference [22] (1982:
13) claims that a “pause is defined as an interval of the
oscillographic trace, where the amplitude is indistinguishable
from that of the background noise.” According to [23], pauses
were defined as a kind of empty speech of more than 0.25
seconds. Pauses were further divided into three types, empty,
filled or lexical pauses [24]-[27]. Nine temporal cues, namely
articulation rate, hesitation ratio, mean duration of pauses,
mean duration of empty pauses, mean duration of filled
pauses, mean duration of lexical pauses, normalized mean
duration of empty pauses, normalized mean duration of filled
pauses, and normalized mean duration of lexical pauses, were
then calculated and compared.

Statistical analysis followed the fetch of acoustic data.
Referential statistics, for example, One-way ANOVA and
Post-hoc Scheffé analysis, were performed to examine
possible significant group differences in the collected acoustic
data.

III. RESULTS & DISCUSSION

This section provides statistical results and discussion of the
way in which these groups (i.e., HA, HS, AD) differed
significantly from the perspective of temporal parameters.
Statistical reports of acoustic cues and a general discussion are
offered.

A. Statistical Results of Temporal Cues in Story Telling

Temporal cues under examination in this study include
articulation rate, hesitation ratio, mean duration of pauses,
mean duration of empty pauses, mean duration of filled
pauses, normalized mean duration of empty pauses, mean
duration of lexical pauses, normalized mean duration of filled
pauses and normalized mean duration of lexical pauses. Table
I presents the results of the articulation rate in the story-telling
task of Mandarin Chinese. Articulation rate is defined as the
number of words per second (excluding the pauses of more
than 30 seconds).

Judging from Table I, the AD group (Mean=2.91) produced
a slower articulation rate than the HA group (Mean=3.50) and
the HS group (Mean=3.33) in the story-telling task of Set 1.

Similarly, the AD participants (Mean=3.21) were much slower
in telling the story of Set 2 than the other participants
(Mean=3.73 for HA, Mean=3.30 for HS). The overall pattern
shows that the AD group (Mean=3.06) told the stories with a
slower articulation rate than the other two groups (Mean=3.62
for HA, Mean=3.31 for HS). These differences, however, did
not reach a significant level.

TABLEI
ARTICULATION RATE IN STORY TELLING OF MANDARIN CHINESE
Group N Mean SD F
HA 20 3.50 0.74
Set 1 HS 17 3.33 0.60 2.50

AD 13 291 0.92
HA 20 3.73 0.98

Set 2 HS 17 3.30 0.69 1.41
AD 13 3.21 1.25
HA 20 3.62 0.83

Overall HS 17 3.31 0.61 1.89
AD 13 3.06 1.01

Note: N=number; SD= standard deviation

Hesitation ratio refers to the duration of pauses divided by
the total speech production (in seconds). According to Table
II, the AD group (Mean=0.41) had a higher hesitation ratio
than the other two groups in the story-telling task of Set 1
(Mean=0.28 for HA, Mean=0.35 for HS). A similar pattern
was found in the story-telling task of Set 2, in which the HA
and HS participants (Mean=0.25 for HA, Mean=0.35 for HS)
produced slightly shorter hesitation ratios than the AD
participants (Mean=0.36). Overall, the AD participants were
observed to have a longer hesitation ratio than the other
participants in telling stories of these two sets, though the
differences were not significant enough.

TABLEII
HESITATION RATIO IN STORY TELLING OF MANDARIN CHINESE
Group N Mean SD F

HA 20 0.28 0.09

Set 1 HS 17 0.35 0.35 1.27
AD 13 0.41 0.16
HA 20 0.25 0.10

Set 2 HS 17 0.35 0.23 1.99
AD 13 0.36 0.19
HA 20 0.27 0.09

Overall HS 17 0.36 0.30 1.70
AD 13 0.39 0.17

Note: N=number; SD= standard deviation

Table III summarizes the results of the mean duration of
pauses in story telling in Mandarin Chinese. The mean
duration of pauses is obtained when the total pause duration is
divided by the number of pauses. Based on Table III, a
significant distinction was identified in the story-telling task of
Set 1. Judging from the mean values, the AD group
(Mean=0.99) displayed significantly longer duration of pauses
than the other two groups (Mean=0.73 for HA, Mean=0.76 for
HS). Likewise, significant differences were discerned in the
story-telling task of Set 2. The results of Post-hoc Scheffé
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analysis further indicated that the HA group (Mean=0.71)
produced significantly shorter pauses than the AD group
(Mean=1.23), and that the HS group (Mean=0.78) uttered
significantly shorter pauses than the AD group (Mean=1.23).
A significant distinction was also found in the overall pattern.
Post-hoc Scheffé analysis additionally revealed that the AD
participants (Mean=1.05) told the stories with significantly
longer pauses than the healthy adults (Mean=0.72).

TABLE III
MEAN DURATION OF PAUSES IN STORY TELLING OF MANDARIN CHINESE
Group N Mean SD F
HA 20 0.73 0.16
Set 1 HS 17 0.76 0.36 3.55%
AD 13 0.99 0.35
HA 20 0.71 0.18 7 A6%*
Set 2 HS 17 0.78 0.30 HA<AD
AD 13 1.23 0.67 HS<AD
HA 20 0.72 0.16
Overall HS 17 079 0.33 4.88*
: : HA<AD
AD 13 1.05 0.42

Note: N=number; SD= standard deviation; * p< 0.05;**p<0.01

TABLEIV
MEAN DURATION OF EMPTY PAUSES IN STORY TELLING OF MANDARIN
CHINESE
Group N Mean SD F
HA 20 084 017
Set 1 HS 17 087 048 2.55
AD 13 124 088
HA 20 0.83 0.20 6.80%*
Set 2 HS 17 095 036 HA<AD
AD 13 150 093 HS<AD
HA 20 083 0.6 6.37%%
Overall HS 17 0.96 0.40 HA<AD
AD 13 147 089 HS<AD

Note: N=number; SD= standard deviation; **p< 0.01

TABLE V
NORMALIZED MEAN DURATION OF EMPTY PAUSES IN STORY TELLING OF
MANDARIN CHINESE

Group N Mean SD F

HA 20 0.27 0.09

Set 1 HS 17 0.31 0.33 0.19
AD 13 0.28 0.19
HA 20 0.24 0.09

Set 2 HS 17 0.32 0.23 1.44
AD 13 0.24 0.15
HA 20 0.25 0.09

Overall HS 17 0.33 0.28 0.78
AD 13 0.26 0.16

Note: N=number; SD= standard deviation

Table IV presents the results of the mean duration of empty
pauses produced by the three groups of participants. Mean
duration of empty pauses is calculated when the total amount
of empty pause duration is divided by the number of empty
pauses. Significant differences were identified in the story-
telling task of Set 2 and the overall performance. The results
of the Post-hoc Scheffé analysis additionally indicated that the

HA group (Mean=0.83) produced significantly shorter empty
pauses than the AD group (Mean=1.50), and that the HS group
(Mean=0.95) uttered significantly shorter empty pauses than
the AD group (Mean=1.50). Also, these three groups
performed with significant differences in the overall pattern.
Post-hoc Scheffé analysis further revealed that the AD
participants (Mean=1.47) told the stories with significantly
longer empty pauses than the healthy adults (Mean=0.83) and
the healthy seniors (Mean=0.96).

The results of normalized mean duration of empty pauses
produced by the three groups of participants are reported in
Table V. Normalized mean duration of empty pauses is
obtained when the total amount of empty pause duration is
divided by the total speech production. No significant
differences, however, were found in the results. Probably, the
normalized data among these three groups were too close to
reach any significant distinction.

TABLE VI
MEAN DURATION OF FILLED PAUSES IN STORY TELLING OF MANDARIN
CHINESE
Group N Mean SD F
HA 20 023 034
Set 1 HS 17 165 242 I
¢ : . HA<HS
AD 13 064 052
HA 20 027 040
Set 2 HS 17 017 023  327%
AD 13 048 034
HA 20 038 040
Overall  HS 17 026 025 o™
era : : HS<AD
AD 13 068 042

Note: N=number; SD= standard deviation; * p< 0.05; **p<0.01

TABLE VII
NORMALIZED MEAN DURATION OF FILLED PAUSES IN STORY TELLING OF
MANDARIN CHINESE

Group N Mean SD F
HA 20 0.01 0.01

Set 1 HS 17 0.01 0.02 9-21:;<IZ/]%)<AD
AD 13 0.07 0.09
HA 20 0.01 0.01

Set 2 HS 17 0.01 002  5.18% HA<AD
AD 13 0.05 0.07
HA 20 0.01 0.01

Overall HS 17 0.01 0.01 9-13’:S*<iAD<AD
AD 13 0.06 0.07

Note: N=number; SD= standard deviation; **p< 0.01; ***p< 0.001

Table VI presents the results of mean duration of filled
pauses (e.g., ‘uh’, ‘um’) produced by the three groups of
participants. Mean duration of filled pauses is calculated when
the total amount of filled pause duration is divided by the
number of filled pauses. Significant differences were
identified in the story-telling tasks of Set 1, Set 2 and the
overall performance. Judging from the results of the Post-hoc
Scheffé analysis, the healthy adults (Mean=0.23) produced
significantly shorter filled pauses than the healthy seniors
(Mean=1.65) in telling the story of Set 1. On the basis of the
mean values of Set 2, the AD participants (Mean=0.48) uttered
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significantly longer filled pauses than the other participants
(Mean=0.27 for HA, Mean=0.17 for HS). Overall, the AD
participants (Mean=0.68) told stories with significantly longer
filled pauses than the healthy seniors (Mean=0.26).

Table VII summarizes the results of the normalized mean
duration of filled pauses produced by the three groups of
participants. Normalized mean duration of filled pauses is
obtained when the total filled pause duration is divided by the
total speech production. Significant differences were found in
the story-telling tasks of Set 1, Set 2 and the overall
performance. In Set 1, Post-hoc Scheffé analysis additionally
indicated that the AD participants (Mean=0.07) told stories
with significantly longer filled pauses than the healthy adults
(Mean=0.01) and the healthy seniors (Mean=0.01). In Set 2,
the HA group (Mean=0.01) produced significantly shorter
filled pauses than the AD group (Mean=0.05). Overall, the AD
participants (Mean=0.06) told stories with significantly longer
filled pauses than the healthy adults (Mean=0.01) and the
healthy seniors (Mean=0.01).

TABLE VIII
MEAN DURATION OF LEXICAL PAUSES IN STORY TELLING OF MANDARIN
CHINESE

Group N Mean SD F

HA 20 0.02 0.02 11.86%%*

Set 1 HS 17 007 013 HA<AD
AD 13 045 050 HS<AD

HA 20 0.01 0.02 20.05%%*

Set 2 HS 17 005 005 HA<AD
AD 13 059 054 HS<AD

HA 20 0.02 0.02 19.03%%*

Overall HS 17 0.06 0.05 HA<AD
AD 13 052 048 HS<AD

Note: N=number; SD= standard deviation; ***p< 0.001

TABLE IX
NORMALIZED MEAN DURATION OF LEXICAL PAUSES IN STORY TELLING OF
MANDARIN CHINESE
Group N Mean SD F
HA 20 0.01 0.01

Set 1 HS 17 003  0.03 1{7:31:’;)
AD 13 007  0.09

HA 20 0.01 0.01 11.20%%*

Set 2 HS 17 002 002 HA<AD

AD 13 007 008 HS<AD

HA 20 001 001 | gywss

Overall HS 17 0.02 0.02 HA<AD

AD 13 007 007 HS<AD
Note: N=number; SD= standard deviation; **p<.01; ***p<.001

Table VIII reports the results of mean duration of lexical
pauses produced by the three groups of participants. Mean
duration of lexical pauses (e.g., ‘na’, ‘nage’, ‘ranhou’) is
calculated when the total lexical pause duration is divided by
the number of lexical pauses. Significant differences were
discerned in the story-telling tasks of Set 1, Set 2 and the
overall performance. Based on the results of Post-hoc Scheffé
analysis, the healthy adults (Mean=0.02) and the healthy
seniors (Mean=0.07) uttered significantly shorter lexical

pauses than the AD participants (Mean=0.45) when telling the
story of Set 1. In Set 2, the AD participants (Mean=0.59)
produced significantly longer lexical pauses than the other
participants (Mean=0.01 for HA, Mean=0.05 for HS). Overall,
the AD participants (Mean=0.52) told stories with
significantly longer filled pauses than the healthy adults
(Mean=0.02) and the healthy seniors (Mean=0.06).

Table IX presents the results of normalized mean duration
of lexical pauses produced by the three groups of participants.
Normalized mean duration of lexical pauses is obtained when
the total lexical pause duration is divided by the total speech
production. Significant differences were observed in the story-
telling tasks of Set 1, Set 2 and the overall performance. In Set
1, Post-hoc Scheffé analysis additionally revealed that the AD
participants (Mean=0.07) told stories with significantly longer
normalized lexical pauses than the healthy adults
(Mean=0.01). In Set 2, the HA group (Mean=0.01) and the HS
group (Mean=0.02) produced significantly shorter normalized
lexical pauses than the AD group (Mean=0.07). A similar
pattern occurred in the overall performance. The AD
participants (Mean=0.07) told stories with significantly longer
normalized lexical pauses than the healthy adults (Mean=0.01)
and the healthy seniors (Mean=0.02).

B. Discussion

The current investigation revealed language processing of
Chinese-speaking seniors with AD from the perspective of
temporal cues. The effects of age and dementia are discussed
below.

The age effects on story-telling performance were
significant in one dimension of the temporal parameter, that is,
filled pauses (Set 1). HS (Mean=1.65) produced significantly
longer filled pauses than HA (Mean=0.23) in telling the story
of Set 1. It can be argued that the descriptive discourse of
healthy seniors differed significantly from that of healthy
adults in the filled pauses. No significant age effects on the
healthy participants’ performance, however, were observed in
other temporal parameters, including articulation rate,
hesitation ratio, mean duration of pauses, mean duration of
empty pauses, normalized mean duration of empty pauses,
normalized mean duration of filled pauses, mean duration of
lexical pauses, and normalized mean duration of lexical
pauses.

Concerning the dementia effects, significant findings were
revealed in terms of mean duration of pauses, mean duration
of empty pauses, mean duration of filled pauses, mean
duration of lexical pauses, normalized mean duration of filled
pauses, and normalized mean duration of lexical pauses. With
regard to the mean duration of pauses (Table III), the AD
participants told the stories with significantly longer pauses
than the healthy seniors (Set 2) and the healthy adults (Set 2
and Overall). A similar pattern was observed in the production
of empty pauses (Table IV). Significantly longer empty pauses
were produced by the AD participants than by the healthy
controls (Set 2 and Overall).

Considering the filled pauses, the statistical results of both
mean duration (Table VI) and normalized mean duration
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(Table VII) were significant. It was found that the AD
participants told stories with significantly longer filled pauses
than the healthy seniors. Likewise, the normalized data of
filled pauses showed that significantly longer normalized
filled pauses were found in the AD group than in the groups of
healthy adults (HA) and healthy seniors (HS).

Significant group differences were further found in the
aspect of lexical pauses. In the story-telling performance,
significantly longer lexical pauses were identified in the AD
group than in the other two groups (i.e., HA and HS) (Table
VIII). A similar pattern occurs in the statistical results of
normalized mean duration of lexical pauses (Table IX). The
AD nparticipants told the stories with significantly longer
normalized lexical pauses.

No significant differences among these three groups (i.e.,
HA, HS, and AD) were observed in the three dimensions of
articulation rate (Table I), hesitation ratio (Table II) and
normalized mean duration of empty pauses (Table V). It can
be inferred that neither the age factor nor the dementia factor
exerted a significant influence on the participants’ story-telling
performance in terms of articulation rate, hesitation ratio and
normalized mean duration of empty pause.

In brief, it can be argued that the AD descriptive discourse
is marked with significantly longer pauses, empty pauses,
filled pauses, normalized filled pauses, lexical pauses, and
normalized lexical pauses. These results manifested that the
AD participants’ comparatively impaired processing in
phonetic representations of the story-telling tasks.

Findings in the current investigation are in agreement with
those in previous studies on aging and language processing
from the perspective of acoustic phonetics [1]-[3]. References
[1], [2] claimed that pauses are referred to as an important
index, reflecting cognitive activities, especially in the
discourse performance. A larger number of pauses and longer
pauses truly reflect certain obstructions in cognitive operation,
and simultaneously affect the performance of language
fluency. While [3] also argued that the acoustic data of AD
pauses specifically reflected their difficulty with word-finding
and the problems of language planning of production. The
present study further contributes to the specific temporal cues
of the AD oral performance and elaborates the issue of age
and dementia on descriptive discourse in Mandarin Chinese.

IV. CoNcLUSION

This paper aims to investigate the language processing of
Chinese-speaking AD seniors, as compared with that of
healthy adults and seniors, from acoustic perspectives. Based
on their oral performances and statistical results, there are a
number of significant findings. The major findings and
conclusions are summarized below.

First of all, a significant effect of the age factor was
identified in one temporal cue: filled pauses. The descriptive
discourse of healthy seniors is produced with significantly
longer filled pauses than that of healthy adults. The second
finding concerns the dementia effects. Significant influences
of the dementia factor were found in six temporal parameters,
including mean duration of pauses, mean duration of lexical

pauses, mean duration of empty pauses, mean duration of
filled pauses, normalized mean duration of filled pauses, and
normalized mean duration of lexical pauses.

On the basis of the major findings, this paper contributes to
the following two issues. One concerns the extent to which
and the way in which young adult speakers of Mandarin
Chinese differ significantly from senior speakers in the story-
telling tasks. The other issue is related to the extent to which
and the way in which healthy adults and seniors of Mandarin
Chinese perform differently from AD seniors in the story-
telling tasks.
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