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ABSTRACT
This study presents a novel approach for the early detection of mild 
cognitive impairment (MCI) and mild Alzheimer’s disease (mAD) in the 
elderly. Participants were 25 elderly controls (C), 25 clinically diag-
nosed MCI and 25 mAD patients, included after a clinical diagnosis 
validated by CT or MRI and cognitive tests. Our linguistic protocol 
involved three connected speech tasks that stimulate different mem-
ory systems, which were recorded, then analyzed linguistically by 
using the PRAAT software. The temporal speech-related parameters 
successfully differentiate MCI from mAD and C, such as speech rate, 
number and length of pauses, the rate of pause and signal. Parameters 
pauses/duration and silent pauses/duration linearly decreased among 
the groups, in other words, the percentage of pauses in the total 
duration of speech continuously grows as dementia progresses. 
Thus, the proposed approach may be an effective tool for screening 
MCI and mAD.
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Introduction

The diagnostic criteria of Alzheimer’s disease (AD) and its prodromal stage Mild Cognitive 
Impairment (MCI) have been known for a long time (American Psychiatric Association, 
2013; Petersen, 2004), nevertheless, they often remain undetected early since patients and 
relatives tend to ignore the first clinical manifestations. Although memory decline is the 
main symptom of AD, language impairment can also be an important marker. It is known 
that AD influences the temporal characteristics of speech (F. F. Martínez-Sánchez et al., 
2018; Fraser et al., 2016; Hoffmann et al., 2010; De Ipiña et al., 2015; Meilán et al., 2018, 
2012, 2020; Tóth et al., 2018) and these phonetic changes occur even in mild AD (mAD) 
(Forbes-McKay & Venneri, 2005; Kato et al., 2018; König et al., 2015; Laske et al., 2015; 
Misiewicz et al., 2018) and in patients with MCI (Kato et al., 2018; Roark et al., 2011; Satt 
et al., 2014). In these earlier studies, quite different methods were used to obtain the speech 
output needed for linguistic analysis. For example, some authors examined the connected 
speech derived from telling pleasant stories or interacting with participants in friendly 
conversations about topics related to hometown, childhood, etc. (De Ipiña et al., 2015; Kato 
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et al., 2018). Others preferred the analysis of connected speech by applying the picture 
description task (Forbes-McKay & Venneri, 2005; Fraser et al., 2016; König et al., 2015). 
Automatic speech recognition (ASR) can effectively contribute to the analysis of such 
recordings. Our earlier experiments showed that an acoustic feature set focusing on 
articulation rate, speech tempo and other descriptors of silent and filled pauses present in 
the speech is useful for detecting both MCI and mAD (Gosztolya et al., 2016; Tóth et al., 
2015, 2018). However, it is important to know whether the circumstances of speech 
production influence the sensitivity of linguistic analysis. To date, no study has been 
performed comparing the efficiency of speech tasks involving different memory functions 
or the immediate and delayed recall. In the case of delayed recall, where a distractor is also 
applied, the cognitive load on the working memory increases, hence recall requires more 
cognitive efforts, resulting in longer pauses and less continuous speech, which may be 
indicative of cognitive impairment.

A further question arises whether the acoustic parameters of speech induced by different 
tasks show specific characteristics suitable for separating MCI or mAD. Here, we seek to 
identify speech parameters that can effectively distinguish prodromal from mAD. For this 
purpose, we will carry out a temporal analysis of different task-restricted connected speech 
samples produced by MCI and mAD patients, compared with data from elderly controls.

The relationship of language and cognitive functions in aging

There are several psycho- and neurolinguistic approaches to speech planning and produc-
tion. Psycholinguistic studies on healthy individuals have indicated that differences in 
cognitive abilities and in the working memory may affect speech production and planning 
because speakers are able to adapt the scope of speech production planning depending on 
their cognitive abilities (Ferreira & Swets, 2002; Levelt & Meyer, 2000; Swets et al., 2014).

Another direction of research is the investigation of lexical semantic memory (Balthazar 
et al., 2007). In cognitive tests, controls, amnestic MCI and mAD patients showed gradually 
decreasing cognitive ability. This indicates that verbal fluency might have been influenced 
by short-term memory. As the disease progresses, other cortical areas including the 
temporal cortex are involved, which could explain the deterioration of semantic knowledge 
in mAD. It has been shown that amnestic MCI impaired episodic memory, but the lexical 
semantic system was unaffected, however, the latter might be affected later, in the early 
phase of AD. In summary, deficits in language and memory functions, especially in 
semantic memory, are commonly found in patients even with mAD (Szatlóczki et al., 2015).

Another study found that language and memory functions are closely related in AD, 
since linguistic functioning requires proper memory functions. Difficulties in speech pro-
duction, speech comprehension and memory functions may overlap. Senile changes in 
language comprehension and expression impose a decline in global speech performance, 
which hinders active vocabulary (Kempler, 2004). In a retrospective study, the relationship 
between certain language functions and cognitive impairment in AD was estimated by the 
Mini-Mental State Examination (MMSE) test. A significant relationship was found between 
MMSE scores and all language measures except hyperfluency. Impairment in language 
fluency is common, especially in the case of impaired cognitive and global performance 
(Weiner et al., 2008). It has also been shown that patients with both AD and MCI have 
difficulties in performing tasks that require semantic knowledge, such as naming, and verbal 
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fluency (Jarrold et al., 2014; Quaranta et al., 2019; Roark et al., 2011). These symptoms 
appear early on, and they increase during the course of the disease, suggesting early and 
progressive impairment of the semantic memory of these patients (Nebes et al., 1989). 
However, according to a recent systematic review of connected speech changes in AD as 
assessed by picture description tasks, results are more robust at later stages of AD, but are 
more fragile and inconclusive at the MCI stage (Slegers et al., 2018).

In a post mortem study, the number of synapses was estimated in the stratum radiatum 
of the human hippocampal CA1 subfield, – which is a region linked to learning and 
memory – for MCI and mAD patients and a control group with no cognitive deficits. 
According to the results, the total number of synapses showed a correlation with several 
cognitive tests including immediate and delayed recall (Scheff et al., 2007). Another study 
also indicated significant differences in some delayed recall tasks (phonological fluency, Rey 
Auditory Verbal Learning tests) for healthy elderly, MCI and mAD groups (Barban et al., 
2016). All in all, the number of synapses seems to decrease with the progress of cognitive 
impairment, which affects the performance on cognitive tasks such as immediate or delayed 
recall.

Based on the above, memory functions are strongly influenced by language production 
(Balthazar et al., 2007; Kempler, 2004; Swets et al., 2014; Weiner et al., 2008), and speakers’ 
cognitive abilities affect their speech production (Ferreira & Swets, 2002; Levelt & Meyer, 
2000). Cognitive abilities may show a linear decline in pathological aging (Balthazar et al., 
2007; Barban et al., 2016; Scheff et al., 2007), hence it is worth investigating whether this 
decline has any effect on the change in linguistic factors.

Speech-based aspects of MCI and mAD

Speech analysis has already been used in patients with dementia (Canning et al., 2004; 
Forbes-McKay & Venneri, 2005) to find potential vocal markers of the disease. The most 
characteristic speech-based features of MCI are the lengthening of hesitations with regard to 
the total length of speech and a slower speech rate (Hoffmann et al., 2010; Jarrold et al., 
2014; Roark et al., 2011; Satt et al., 2014). Moreover, patients diagnosed with MCI often have 
problems with finding the correct word in connected speech (Fraser et al., 2014; Garrard 
et al., 2014). Moreover, it has been shown that connected speech production is consistently 
reported to be affected in early AD, and therefore, hesitations and pauses are useful 
indicators to detect dementia (Vincze et al., 2016). Further affected speech characteristics 
in patients with AD seem to be related to articulation (König et al., 2015), prosody in terms 
of temporal and acoustic measures, which includes alterations in rhythm (Horley et al., 
2010; Martínez-Sánchez et al., 2012), and eventually, in later stages, phonological fluency 
(Henry et al., 2004).

There is no general consensus among researchers concerning which parameters of 
spontaneous or connected speech can effectively distinguish the group of mAD patients 
from controls. Some studies highlight the role of articulation rate, speech rate and the rate of 
hesitations in the total amount of speech (Hoffmann et al., 2010), while others emphasise 
the importance of articulation rate, speech rate and variations in syllable timing (Martínez- 
Sánchez et al., 2013). Some other studies focus on the analysis of pauses in speech (López-de 
-Ipiña et al., 2013). Overall, there is a consensus across languages that the temporal analysis 
of speech can be used effectively to detect mAD; however, it is still unclear what speech task 
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and what temporal parameters of speech are the most effective predictors. In our study, we 
seek to identify these parameters.

Aims and hypothesis

The goal of this study is to compare the speech abilities of three groups, namely the 
cognitively healthy elderly, patients with MCI and patients with mAD. More specifically, 
we seek to find out whether speech features indicating decline in the elderly could be used to 
diagnose the MCI group (H1). It is also an important goal to identify the optimal speech 
task that provides the best recognition of MCI or mAD. We hypothesise that a speech task 
involving episodic memory function (describing events from the previous day) results in 
a more reliable detection of MCI patients during the analysis of connected speech than film 
description tasks (Hoffmann et al., 2010; Jarrold et al., 2014; Roark et al., 2011; Satt et al., 
2014). Here we predict that speech rate can effectively differentiate the groups examined 
(H2). Moreover, pauses can effectively separate MCI patients from healthy controls and 
mAD patients (Hoffmann et al., 2010; López-de-Ipiña et al., 2013; Tóth et al., 2015). We 
would like to stress that filled pauses and silent pauses are treated independently in our 
analysis. For the duration of both types (filled and silent pauses) significant differences are 
supposed to exist between groups (H3). Moreover, we aim to prove that some novel 
indicators (e.g., the ratio of pauses/duration, silent pauses/duration and filled pauses/ 
duration) can also show statistically significant differences between the groups (H4).

Materials and methods

Participants

A total of 75 subjects participated in the study: 25 MCI patients, 25 mAD patients and 25 
cognitively healthy controls. All the subjects with MCI and with mAD were right-handed 
and native speakers of Hungarian. The exclusion criteria for controls were drug or alcohol 
consumption; being under pharmacological treatment affecting cognitive functions; 
a medical history of head injuries, depression or psychosis, and visual or auditory deficits. 
MCI and mAD patients were selected after a medical diagnosis supported by neurological 
and psychiatric examination, CT or MRI and cognitive ability tests. Types of MCI were not 
considered here so as to have a sufficient number of patients in each group. Patients 
indicating any signs of dementia of some other origin were not enrolled in this study.

The following clinical tests were applied to assess the cognitive state of the subjects: Mini- 
Mental State Examination (MMSE; Folstein et al., 1975; standardised in Hungarian by Janka 
et al., 1988), Clock Drawing Test (CDT; Manos & Wu, 1994; standardised in Hungarian by 
Kálmán et al., 1995) and Alzheimer’s Disease Assessment Scale (ADAS-Cog; Rosen et al., 
1984; standardised in Hungarian by Pákáski et al., 2012). Performance scores in these tests 
revealed significant differences for all three groups based on ANOVA. Another exclusion 
criterion was a score above 10 in the Geriatric Depression Scale (Millian-Morell et al., 2018). 
The three groups (F(2;74) = 2.202; p = .118) were aligned with regard to gender (χ2 

(2) = 1.389; p = .499), age (F(2;74) = 2.321; p = .105) and years of education (F 
(2;74) = 2.202; p = .118). The clinical characteristics of the control, the MCI and the 
mAD group are summarised in Table 1.
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All the tests were carried out at the Memory Clinic at the Department of Psychiatry of the 
University of Szeged, Hungary. All procedures were performed according to the 
Declaration of Helsinki, with the approval of the University of Szeged Ethical Committee 
and Regional Human Investigation Review Board and written informed consent was 
obtained from all participants.

Experimental protocol

In our methodology, it was an important goal to create different speech tasks eliciting 
connected speech that stimulate different memory systems; to this end, our linguistic 
protocol involved analysing three different speech tasks. After the presentation of 
a specially designed one-minute long silhouette animation designed and edited by our 
group, the subjects were asked to talk about the events seen during the film (“immediate 
recall of film description task”). Afterwards, the subjects were asked to talk about their 
previous day (“previous day task”). In the last task, the subjects were shown another 
animation, which was followed by a one-minute-long silent pause, and then they were 
asked to talk about the second film (“delayed recall of film description task”). The duration of 
the silent break was determined in such a way that it could be successfully used in the case of 
the mobile application in the future, as well. In our experimental setting, a 1 minute long 
break was chosen instead of a distractor task, so that the cognitive load could be increased, 
without the need to focus on another task, which might also influence the results. In this 
way, we could examine whether the interruption itself has any effect on performance. Also, 
having a break in the conversation can also be easily executed in a mobile application.

The first task, involving a direct recall, targets the working memory of the speaker. To 
handle the second task, besides working memory, episodic memory is also needed. In the 
third task, we included a one-minute distractor of the delayed recall to increase the demand 
for working memory capacity, and to make it more burdensome for the central executive 
system than direct recall.

This way, we obtained three audio recordings from each subject. The recording was 
performed with a digital voice recorder and a lapel microphone. After a careful listening, the 
recordings were transcribed both orthographically and phonetically; then the manual 
transcriptions were verified by another researcher. The manual segmentation of the signals 

Table 1. The characteristics of the three groups of the study participants.
Control 

(n = 25)
MCI 

(n = 25)
mAD 

(n = 25)
Statistics 

(F and p-values)

Age 
(mean ± SD)

70.72 ± 5.004 72.4 ± 3.594 73.96 ± 6.846 F(2;74) = 2.321 
p = .105

Years of education 
(mean ± SD)

12.08 ± 2.326 10.84 ± 2.304 10.76 ± 2.818 F(2;74) = 2.202 
p = .118

MMSE 
(mean ± SD)

29.24 ± 0.523 27.16 ± 0.898 23.92 ± 2.488 F(2;74) = 76.213 
p < .001

CDT 
(mean ± SD)

8.88 ± 2.007 6.44 ± 3.429 5.88 ± 3.244 F(2;74) = 7.254 
p = .001

ADAS-Cog 
(mean ± SD)

8.575 ± 2.374 12.044 ± 3.205 18.675 ± 5.818 F(2;74) = 38.35 
p < .001

Groups: MCI = mild cognitive impairment; mAD = mild Alzheimer’s disease. Tests: MMSE = Mini-Mental State Examination; 
CDT = Clock Drawing Test; ADAS-Cog = Alzheimer’s Disease Assessment Scale
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was carried out using the PRAAT tool (Boersma, 2001), by one of the authors (G. Sz.), while 
raw data on the length of pauses and speech segments were extracted separately by two 
researchers (I. H. and G. Sz.).

The acoustic parameters we examined were the temporal variables listed in Table 2. 
Hesitation was defined as the absence of speech for more than 30 ms that occurs in between 
words (Gósy, 1998). It should be noted, however, that the definition of hesitation varies in 
the literature. For instance, hesitations and fillers are often viewed as part of the same 
category (cf. Corley & Stewart, 2008; Glücksmannová, 2008); for others, hesitation includes 
filled pauses only (Berger & Jordan, 1992; Gosztolya et al., 2016; Hoffmann et al., 2010; Tóth 
et al., 2015; Vincze et al., 2016), while other studies identify hesitation with silent pauses and 
other vocalizations (Gósy, 2008).

Results

Results of temporal analysis

First, we will present the average values obtained from analysis. For this purpose, we used the 
SPSS Statistics 24 (IBM Corp, 2016) software package. In this study, we were interested in 
finding the significant differences for each group, hence we compared the mean ± SD values of 
the different speaker groups and different temporal speech parameters via one-way ANOVA.

Results for articulation and speech rate
Figure 1 shows the average values of the three speaker groups for the articulation rate and 
speech rate parameters for all three tasks. It can be seen that in the case of the two recall 
tasks, articulation rate and speech rate both tend to decrease along with the progress of 
dementia; however, for the previous day task, we do not see such a change.

Table 2. The examined temporal speech parameters.
Name Description

Articulation rate The number of phonemes per second during speech (excluding hesitations)
Speech rate The number of phonemes per second during speech (including hesitations); the number of total 

phonemes uttered, divided by the total duration of the utterance
Number of total 

pauses
The number of total (silent and filled) pause occurrences

Number of silent 
pauses

The number of silent pause occurrences

Number of filled 
pauses

The number of filled pause occurrences

Length of total 
pauses

The total duration of total pauses (sec)

Length of silent 
pauses

The total duration of silent pauses (sec)

Length of filled 
pauses

The total duration of filled pauses (sec)

Pauses/duration The ratio of total pause duration and the length of the utterance (%)
Silent pauses/ 

duration
The ratio of total silent pause duration and the length of the utterance (%)

Filled pauses/ 
duration

The ratio of total filled pause duration and the length of the utterance (%)
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Results for the number of different types of pauses
The average number of the different types of pauses for the three speaker groups and for all 
three speech tasks can be seen in Figure 2. It should be observed that speakers having MCI 
tend to have more pauses (total, silent and filled) than either control subjects or those 
having mAD; this is perhaps the most apparent in the previous day task, although we can 
observe this phenomenon in the two film description tasks as well.

Results for the length of different types of pauses
The average length of the different types of pauses for the three speaker groups and for all 
the three speech tasks can be seen in Figure 3. We can see that, just as in the case of number 
of pauses, MCI speakers tend to produce the highest (total) length of pause values, especially 
in the previous day task. This observation, combined with the same phenomenon regarding 
the number of pauses parameters, might indicate that MCI speakers tend to use more 
pauses.

Results for the percentage of different types of pauses in the whole speech unit
The average rate of utterances, which consisted of the different types of pauses for the three 
speaker groups and for all three speech tasks can be seen in Figure 4. We see that, while 
Figures 2 and 3 displayed similar trends, in Figure 4 we observe a different pattern. Recall 

Figure 1. Average values of articulation rate and speech rate markers (number of phonemes/second) of 
the three speech tasks for the three speaker groups. Groups: MCI = mild cognitive impairment; 
mAD = mild Alzheimer’s disease. Error bars indicate standard deviation. Columns indicate mean values 
for different groups.

Figure 2. Average values of the total number of pauses, number of silent pauses and number of filled 
pauses markers of the three speech tasks for the three speaker groups. Groups: MCI = mild cognitive 
impairment; mAD = mild Alzheimer’s disease. Error bars indicate standard deviation. Columns indicate 
mean values for different groups.
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that the only difference between the length of pauses and pauses/duration temporal para-
meters is that the first category expresses the total duration of some pauses in seconds, while 
the latter expresses the same phenomenon as the ratio of the duration of the whole 
recording. This reflects that MCI patients tend to produce slightly more pauses than 
mAD speakers in general, but the utterances produced by the mAD speakers are much 
shorter. This is most apparent in the case of the previous day task, and it was justified by our 
further analysis. For this task, the average length of recordings were 75.6 ± 39.6 SD seconds, 

Figure 3. Average values of the total length of pauses, length of silent pauses and length of filled pauses 
markers of the three speech tasks for the three speaker groups. Groups: MCI = mild cognitive impairment; 
mAD = mild Alzheimer’s disease. Error bars indicate standard deviation. Columns indicate mean values 
for different groups.

Figure 4. Average values of the pauses/duration, silent pauses/duration and filled pauses/duration 
markers of the three speech tasks for the three speaker groups. Groups: MCI = mild cognitive impairment; 
mAD = mild Alzheimer’s disease. Error bars indicate standard deviation. Columns indicate mean values 
for different groups.

8 V. VINCZE ET AL.



122.9 ± 63.2 SD seconds and 73.8 ± 57.3 SD seconds, control, MCI and mAD speakers, 
respectively.

Statistical differences of speech parameters

The average values of the three groups were compared with each other with regard to the 
different temporal speech parameters via a statistical analysis (one way ANOVA) using the 
SPSS Statistics 24 software package (IBM Corp, 2016). Multiple comparisons were per-
formed by Tukey’s HDS test (which was developed specifically to account for multiple 
comparison and maintains alpha at the specified level). This examination provides an 
answer to our key research question, namely which temporal speech parameters are suitable 
for distinguishing the three groups of patients. Table 3 contains the significance levels for 
the three tasks and the temporal speech parameter values. p values below 0.05 are shown as 
bold.

Upon examining the significance levels in Table 3, perhaps the most apparent point is 
that the results for the immediate recall and delayed recall of film description tasks are 
quite similar. For instance, the temporal speech parameters of articulation rate and 
speech rate were both found to differ significantly (i.e. p < .05), while this was not so 
for the previous day task. (Notice that this is in accordance with the results in Figure 1.) 
With regard to the pause-related parameters, the total number of pauses and pauses/ 
duration parameters were also found to be significant for the two film description tasks 
after inspecting the silent pauses or both types of pauses; nevertheless, we found no 
significant result with any filled pauses-related temporal parameters for these two tasks. 
For the task of previous day, however, two temporal parameters (i.e. total number of 
pauses and total length of pauses) displayed significant differences for both silent pauses 
and filled pauses.

Statistical differences for speaker groups
The temporal speech parameter values that revealed significant differences among the three 
groups were further investigated. We felt this further step was essential as our previous 
statistical tests supplied significance information only about the temporal parameters, and 

Table 3. Significance (F and p-values) of manual analysis for the three tasks.
Immediate recall Connected speech Delayed recall

F p F p F p

Articulation rate 3.666 0.03 0.07 0.932 3.671 0.03
Speech rate 9.498 p < .001 1.111 0.335 11.07 p < .001
Number of pauses 4.735 0.012 6.273 0.003 4.976 0.009
Length of pauses 0.52 0.597 5.417 0.006 3.586 0.033
Pauses/duration 7.668 0.001 2.728 0.072 5.758 0.005
Number of silent pauses 3.839 0.026 6.286 0.003 4.764 0.011
Length of silent pauses 0.247 0.782 4.619 0.013 2.719 0.073
Silent pauses/duration 6.904 0.002 2.314 0.106 7.446 0.001
Number of filled pauses 2.064 0.134 4.419 0.015 1.511 0.228
Length of filled pauses 2.912 0.061 5.289 0.007 2.141 0.125
Filled pauses/duration 2.88 0.63 2.823 0.66 0.585 0.56

Significant results are bold.
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we were also interested in identifying the speaker groups among which the given temporal 
parameters differed to a significant extent.

Our analysis revealed that – for instance, – articulation rate showed a significant differ-
ence among the speaker groups. More specifically, the post-hoc analysis (i.e. ANOVA for 
each pair of groups) proved that controls and mAD patients show a significant difference 
but there is no significant difference among either MCI and control groups or MCI and 
mAD groups. We carried out this analysis for the other temporal speech parameters also, 
which revealed what parameters show significant differences among groups. This provides 
an answer to our research question, namely, which parameters are distinctive in identifying 
the three groups of patients. Table 4 lists the statistically significant results for the analysis of 
features in the three different speech tasks, with special regard to differences between MCI 
and C groups and MCI and mAD groups, respectively. For the sake of simplicity, differences 
between C and mAD groups are not listed here, moreover, they are irrelevant to our 
research questions.

An interesting observation is that in the immediate recall of film description task, there 
are significant differences for four parameters in the case of MCI and mAD groups, but 
there are no significant differences between the MCI and C groups. In the previous day task, 
six temporal parameters (of the total eleven) can be used to distinguish the C and MCI 
groups, and three temporal parameters showed significant differences among the MCI and 
mAD patients as well. In the delayed recall of film description task, there are significant 
differences for the speech rate, length of total pauses, and pauses/duration parameters 
between the C and MCI groups, and for two parameters (number of total pauses and silent 
pauses) between the MCI and mAD groups.

Discussion

Our aim was to find speech parameters to distinguish the three speaker groups: we have 
attempted to find out whether features indicating language decline triggered by other 

Table 4. P-values of statistically significant differences of the investigated temporal speech parameters 
for the three different tasks, for the MCI and C, and the MCI and mAD groups, respectively.

Tasks

Immediate recall Connected speech Delayed recall

MCI – C MCI – 
mAD

MCI – C MCI – mAD MCI – C MCI – 
mAD

Speech 
parameters

Articulation rate - - -
Speech rate 0.033 - 0.024
Number of total pauses 0.009 0.006 p = .013 0.007
Number of silent 

pauses
p = .023 0.008 0.009 0.01

Number of filled 
pauses

- p = .011 -

Length of total pauses - 0.008 MCI – mAD 
(p = .035)

0.036

Length of silent pauses - 0.014 -
Length of filled pauses - 0.006 -
Pauses/duration - - 0.045
Silent pauses/duration 0.039 - -
Filled pauses/duration - - -

Groups: C = control; MCI = mild cognitive impairment; mAD = mild Alzheimer’s disease.
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cognitive functions in the elderly could be used to identify the MCI group. Our hypothesis 
that speech parameters derived from the analysis of connected speech can help distinguish 
the groups of MCI patients, mAD patients and controls was proven to be well-founded. 
Earlier results on the influence of the speaker’s cognitive abilities on speech production 
(Braaten et al., 2006; Ferreira & Swets, 2002; Levelt & Meyer, 2000) were confirmed here as 
each parameter yielded significant differences between the C and the mAD groups and most 
of the parameters did the same between the C and MCI groups. Moreover, we could confirm 
that the phonetic changes exist in mAD (Forbes-McKay & Venneri, 2005; Laske et al., 2015) 
as well as inAD and MCI (Ahmed et al., 2013; Roark et al., 2011; Satt et al., 2014). Based on 
our results, we can conclude that speech based methods can effectively distinguish controls, 
patients with MCI and patients with mAD (Drummond et al., 2015; König et al., 2015) (H1).

Articulation and speech rates (see Figure 1) tend to decrease in film description tasks 
(Task 1 and 3), as dementia progresses. It seems that these tasks (immediate and delayed 
recall) slow down thinking, which requires more cognitive efforts, hence different speech 
parameters can also be detected for the groups. Our hypothesis that speech rate will 
effectively differentiate the MCI group from the others was partially proved: in Task 1, 
there are significant differences between MCI and mAD groups while in Task 3, there are 
significant differences for MCI and C groups (see Table 4) (H2).

As for the number and length of pauses, the C and mAD groups were similar to each 
other while the MCI group exhibited differences (see Figures 2 and 3), which proved to be 
significant in the previous day task. This strongly suggests that the duration of pauses is 
a strong characteristic of MCI. Our results confirm the earlier hypothesis that pauses had 
key roles in separating these groups (Hoffmann et al., 2010; López-de-Ipiña et al., 2013) 
(H3). However, it must be noted that when differentiating filled and silent pauses, we 
expected somewhat different results as in a previous study, we obtained statistically sig-
nificant differences for the number and length of silent and filled pauses (among other 
parameters) between the MCI and C groups (Tóth et al., 2015). In our current study, most 
parameters show significant differences for the MCI and mAD groups (see Table 4), 
however, filled pauses have distinctive power only in the previous day task, while silent 
pauses do the same in all tasks.

The parameters pauses/duration and silent pauses/duration linearly decreased among 
the groups (see Figure 4), in other words, the percentage of pauses in the total duration of 
speech continuously grows as dementia progresses. According to our results, the more the 
cognitive deficit is, the greater percent of speech contains pauses. This difference is 
significant for Tasks 1 and 3, which in part proves that these novel parameters can 
effectively distinguish the groups examined (H4). Such differences could not be found for 
the filled pauses/duration parameter, which might be explained by the inaccurate manual 
segmentation of filled pauses. Nevertheless, we think that the distinctive power of this 
parameter should be further investigated in future studies.

Our results prove that the number and length of pauses can distinguish the groups 
effectively in the previous day task. In film description tasks, the parameters speech rate, 
number of silent pauses and pauses/duration showed significant differences among the 
groups (see Table 4). Thus, it seems that it is the silent pause that yields statistically 
significant differences among the three groups of speakers for all tasks. These findings 
imply that the two recall tasks can be used mainly to identify speakers with mAD, while 
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connected speech is mostly effective to distinguish MCI speakers from the other two groups, 
with special regard to the C group.

Based on our results, we may conclude that speech-based differences are present in MCI, 
and they can be observed in mAD as well. Hence, changes in language functions could play 
a diagnostic role in these types of dementia. Despite this, there have been relatively few 
published linguistic methods that were able to diagnose AD at an early stage. We found that 
temporal parameters of connected speech are one of the earliest detectable language signs in 
MCI and mAD, and we hypothesise that a computer-based analysis of connected speech 
might be a promising method for an early and quick diagnosis of dementia (see e.g., Tóth 
et al., 2015, 2018), substituting a costly and slow manual data analysis, which we would like 
to implement in the future. An Automatic Speech Recognition (ASR) system working at the 
phonetic- or at the word-level, where the phonetic set or the dictionary (i.e. the list of 
words) includes filled pauses as well, might allow for the estimation of our temporal speech 
parameters. On the basis of the temporal speech parameters, machine learning methods 
(e.g., Support Vector Machines, random forests, Deep Neural Networks, etc.). could be 
utilized to predict the category of the actual speaker. Based on these previous results, it can 
be assumed that a new mobile application can be developed to screen for a potential risk of 
mAD or MCI. By detecting acoustic features of mAD or MCI, this mobile application could 
indicate the need for further medical examination.

With the joint application of telemedicine-based tools and linguistic tests, an interactive 
test or mobile application could permit software-based filtering for MCI and AD. This 
might lay the groundwork for extensive neurolinguistic research and the development of 
a widespread screening application as well. Furthermore, automatic speech analysis is 
important because using real-life situations and applying fewer intrusive methods that do 
not require specialised personnel would also be advantageous.

Besides the above findings, this study also has some limitations. For instance, we 
experimented with Hungarian only, hence a more comprehensive study of other languages 
would also be required to investigate whether our findings hold for other languages as well. 
Second, we analysed speech data from 75 participants. A wider pool of subjects would 
definitely contribute to the deeper understanding of the speech performance of the different 
speaker groups examined here. Third, we just focused on three speech eliciting tasks here, 
whereas the output of other similar tasks (e.g., picture description) could also highlight 
interesting tendencies that are characteristic of the speech of different groups.

Our study provides evidence that the analysis of connected speech is a useful tool for 
distinguishing MCI patients, mAD patients and controls. Although our results are promis-
ing, future studies involving more subjects and other languages are needed to gain a better 
insight into the linguistic dysfunctions of dementia.
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