
Digital
Biomarkers

Research Reports - Research Article

Digit Biomark 2023;7:115–123
DOI: 10.1159/000533188

Received: May 3, 2023
Accepted: July 2, 2023
Published online: August 31, 2023

Validation of an Automated Speech
Analysis of Cognitive Tasks within a
Semiautomated Phone Assessment

Daphne ter Huurnea Nina Possemisa Leonie Banningb Angélique Grutersc

Alexandra Königd, e Nicklas Linze Johannes Trögere Kai Langelf

Frans Verheya, b Marjolein de Vugta, b Inez Ramakersa, b

aAlzheimer Center Limburg, School for Mental Health and Neuroscience, Maastricht University, Maastricht, The
Netherlands; bMaastricht University Medical Center+ (MUMC+), Maastricht, The Netherlands; cCatharina Hospital,
Medical Psychology, Eindhoven, The Netherlands; dNational Institute for Research in Computer Science and
Automation (INRIA), Sophie Antipolis, France; eki elements, Saarbrücken, Germany; fJanssen Clinical Innovation,
Beerse, Belgium

Keywords
Phone assessment · Automated speech analysis · Mild
cognitive impairment · Memory · Fluency

Abstract
Introduction: We studied the accuracy of the automatic
speech recognition (ASR) software by comparing ASR
scores with manual scores from a verbal learning test
(VLT) and a semantic verbal fluency (SVF) task in a sem-
iautomated phone assessment in a memory clinic pop-
ulation. Furthermore, we examined the differentiating
value of these tests between participants with subjective
cognitive decline (SCD) and mild cognitive impairment
(MCI). We also investigated whether the automatically
calculated speech and linguistic features had an addi-
tional value compared to the commonly used total scores
in a semiautomated phone assessment. Methods: We
included 94 participants from the memory clinic of the
Maastricht University Medical Center+ (SCD N = 56 and
MCI N = 38). The test leader guided the participant

through a semiautomated phone assessment. The VLT
and SVF were audio recorded and processed via a mobile
application. The recall count and speech and linguistic
features were automatically extracted. The diagnostic
groups were classified by training machine learning
classifiers to differentiate SCD and MCI participants.
Results: The intraclass correlation for inter-rater reliability
between the manual and the ASR total word count was
0.89 (95% CI 0.09–0.97) for the VLT immediate recall, 0.94
(95% CI 0.68–0.98) for the VLT delayed recall, and 0.93
(95% CI 0.56–0.97) for the SVF. The full model including
the total word count and speech and linguistic features
had an area under the curve of 0.81 and 0.77 for the VLT
immediate and delayed recall, respectively, and 0.61 for
the SVF. Conclusion: There was a high agreement be-
tween the ASR and manual scores, keeping the broad
confidence intervals in mind. The phone-based VLT was
able to differentiate between SCD and MCI and can have
opportunities for clinical trial screening.
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Introduction

A neuropsychological assessment (NPA) plays an
important role in the diagnosis of dementia and its
prodromal stage (mild cognitive impairment [MCI] [1])
by investigating the severity of cognitive impairment and
exploring the individual profile of cognitive strengths and
weaknesses as a start for differential diagnostics [2]. An
accurate and easy-to-use remote way to assess neuro-
psychological performances would be of added value to
follow the disease course over time, mainly in medical
deserts, and could be used for screening purposes in
clinical trial designs.

Recently developed tools, such as videoconference or
computer-based NPAs, have already been validated as a
good alternative to face-to-face assessments [3]. However,
most of these alternative NPA options require an internet
connection and a computer to support video or tele-
conferencing platforms [3–6]. This may be difficult for
the elderly population or those with cognitive impair-
ments, as technical interactions would be required [3–6].
Therefore, there is a need for an easy method for remote
NPA, such as phone-based testing. In this setting, the
person would only need to pick up the phone, and no
technological interactions are required [7, 8]. Previous
research has suggested that this could be a valid way to
assess or screen patients for clinical trials. Phone-based
assessments have already been used to perform a
screening task, such as the Mini-Mental State Exami-
nation (MMSE), or more extensive cognitive tasks such as
memory or language tasks [9, 10], which can be easily
recorded via the phone.

Automatic speech recognition (ASR) software can
score cognitive tests through recordings, in which
speech features can also be extracted automatically.
Moreover, ASR may be helpful in differentiating people
with subjective cognitive decline (SCD) from MCI/
dementia in a clinical face-to-face setting (Possemis
et al., unpubl. data) [11, 12]. In addition, comparing
manual and automatic scoring in a face-to-face setting
showed a high level of agreement, demonstrating that
ASR can provide accurate results. This accuracy and
differentiating value have not yet been studied in a
phone-based setting.

In this study, we examined the utility of a semi-
automated phone-based NPA, guided by the test leader,
in a Dutch memory clinic sample of participants with
SCD or MCI. We investigated the accuracy of the ASR
software compared to manually derived scores of a verbal
episodic memory test and a verbal fluency test. Fur-
thermore, we examined the differentiating value of these

tasks between participants with SCD and MCI. In ad-
dition, we investigated whether the automatically
extracted speech and linguistic features had an additional
value compared to the commonly used total scores.

Methods

Participants
As part of the DeepSpA (Deep Speech Analysis for Cognitive

Assessment in Clinical Trials) project, 140 participants were in-
cluded via the BioBank Alzheimer Centre Limburg (BBACL) study
[11]. Out of the 140 participants, 94 (56 SCD, 38 MCI) completed
the semiautomated phone assessment (see Table 1 for participant
characteristics). Reasons for the 46 participants who did not
participate are as follows: 15 participants were excluded from
follow-up because people diagnosed with dementia at baseline
were not invited for a follow-up due to study design. The other 31
participants did not participate due to multiple reasons, namely:
refusal of phone assessment (N = 4), refusal due to illness (n = 4),
general refusal (N = 12), technical malfunction (N = 3), no re-
sponse (N = 5), and deceased (n = 3).

BBACL is an ongoing prospective cohort study that includes
consecutive patients from the memory clinic of the Maastricht
University Medical Center+ (MUMC+) in the Netherlands. The
inclusion criteria were a Mini-Mental State Examination (MMSE)
total score of ≥20 and a Clinical Dementia Rating scale (CDR) total
score of ≤1. Exclusion criteria were non-neurodegenerative neu-
rological diseases, a recent history of severe psychiatric disorders
(such as major depression), the absence of a reliable informant,
and the clinical judgment that a follow-up assessment after 1 year
will not be feasible.

Baseline diagnoses were based on the Diagnostic and Statistical
Manual of Mental Disorder (DSM-IV-TR, DSM-V) criteria for
MCI (cognitive disorder not otherwise specified [NOS] in DSM-
IV-TR; mild neurocognitive disorder in DSM-V) [13–15]. Par-
ticipants without objective cognitive disorders were classified as
SCD [16].

Semiautomated Phone Assessment
At baseline, each participant underwent a face-to-face NPA at

the hospital as part of a clinical routine [11]. After 6 months,
participants underwent a semiautomated phone assessment, in
which a well-trained test leader guided the participant through the
phone assessment. The baseline CDR score was used to measure
disease severity [17, 18], and the baseline MMSE was used to
measure global cognition [19, 20].

Within the semiautomated phone assessment, participants
were called by the test leader via a mobile application. The par-
ticipants were instructed to be in a room without distractions and
were not allowed to use paper and pen. The test leader guided the
participants through the tasks and started each task separately. The
test instructions were prerecorded in the mobile application, so the
assistance of the test leader was only necessary if the participant
had a specific question. Within the assessment, the 15-verbal
learning task (VLT) [21] and the 1-min semantic verbal fluency
(SVF) task [22] were administered. The VLT is an episodic
memory task in which fifteen unrelated monosyllabic words were
named in five trials, and after each presentation, the participants
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had to recall as many words as they could remember. After 20 min,
during which nonverbal tasks were administered, participants had
to recall as many words as possible (delayed recall) [21]. Within
the SVF, the participant had to name as many supermarket items
as possible within 60 s [22].

Speech Data Processing
The VLT and SVF were manually scored by the test leader. In

addition, both tasks were audio recorded, scored, and processed by
a mobile application from ki elements GmbH (iOS iPad version)
[23]. The application records participant’s voice responses, while
the assessments were conducted. The application used the mi-
crophone of the participants’ phones to record. After the speech
sample was recorded, it was sent to ki elements backend for
preprocessing (cutting speech into relevant parts and audio
transformation), ASR, and feature calculation. The ASR tool was
Google Speech API. The total word count of both the VLT and SVF
and the speech and linguistic features were automatically
extracted. Examples of speech and linguistic features of the VLT
are “primacy count,” “serial clustering,” and “recency count” and
for the SVF, examples are “semantic clustering,” “temporal
clustering,” and “mean word frequency” [8, 11, 12, 24, 25] (for the
full list of the speech and linguistic features, see online suppl.
Supplement 1; for all online suppl. material, see https://doi.org/10.
1159/000533188). These speech and linguistic features were au-
tomatically extracted from the automatically derived ASR
transcript.

Statistical Analyses
The data were analyzed with IBM SPSS Statistics Mac

(version 27) and Python 3.9.7 [26]. Differences between groups
were analyzed with independent t tests for continuous variables
and with χ2 tests for categorical variables (or comparable
nonparametric tests in case data were not normally
distributed).

To examine the agreement between the manual and the ASR
score of both the VLT and SVF, the intraclass correlation coef-
ficient (ICC) was used. The ICC is used as a measure of inter-rater

agreement for continuous variables [27]. The ICC was based on a
mean rating (k = 2), absolute agreement, 2-way mixed-effects
model.

Machine learning models (classification method “extra trees”)
were trained to differentiate between SCD and MCI using the
sklearn Python package [28]. Due to the limited sample size, no
holdout test set could be maintained. Instead, models were
evaluated using leave-one-out cross-validation, a procedure in
which a dataset is split into a training set and a testing set, using all
but one sample as part of the training set. This procedure was
repeated for each sample, and average of the model’s performance
was calculated. Area under the receiver operating characteristic
curve, which allows visualization of multiple different potential
trade-offs between sensitivity and specificity, were created for three
models, namely: (1) ASR total word count; (2) ASR total word
count and age; and (3) ASR total word count, age, and the au-
tomatically derived speech and linguistic features (see online suppl.
Supplement 1 for the features used within model 3 per task, for all
online suppl. material, see https://doi.org/10.1159/000533188).
This was performed separately for the VLT immediate recall, VLT
delayed recall, and SVF. An AUC of 0.5 means no discriminative
value, 0.6–0.7 is considered poor, 0.7–0.8 is considered acceptable,
0.8–0.9 is considered excellent, and 0.9 and higher is considered
outstanding [29].

Results

Participant Characteristics
The characteristics of the SCD and MCI participants are

presented in Table 1. MCI participants were significantly
older and had higher scores on the CDR and lower scores on
the MMSE, VLT, and SVF than SCD participants. The
groups did not differ significantly for sex and education level.

Table 1. Characteristics and comparisons between SCD and MCI participants (n = 94)

SCD (N = 56) MCI (N = 38) Total (N = 94) p value

Age, years 62.7 (10.3) 68.8 (9.10) 65.2 (10.3) 0.004
Sex (% male) 66 66 64 0.745
Education (% low/mid/high) 25/39/36 39/32/29 31/36/33 0.329
CDR SOB 0.7 (0.8) 1.9 (1.5) 1.2 (1.3) <0.001
MMSE 28.7 (1.2) 26.9 (1.8) 28.0 (1.7) <0.001
VLT immediate recall manual 40.4 (11.3) 30.4 (9.7) 36.4 (11.7) <0.001
VLT delayed recall manual 8.1 (3.3) 4.6 (3.2) 6.7 (3.7) <0.001
SVF manual 19.3 (7.2) 15.0 (6.5) 17.5 (7.2) 0.004
VLT immediate recall ASR 35.0 (11.4) 22.5 (8.7) 30.0 (12.0) <0.001
VLT delayed recall ASR 6.9 (3.2) 3.5 (2.9) 5.5 (3.5) <0.001
SVF ASR 16.7 (6.9) 12.2 (5.9) 14.9 (6.8) 0.001

Data are presented as mean (SD), unless otherwise specified. SCD, subjective cognitive decline; MCI, mild
cognitive impairment; CDR, Clinical Dementia Rating scale; SOB, sum of boxes; MMSE, Mini-Mental State
Examination; VLT, verbal learning task; ASR, automatic speech recognition; SVF, semantic verbal fluency.
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Agreement between Manual and Automatic Total
Word Count
The ICC for describing the agreement between the

manual and ASR total word count for the immediate
recall of the VLT was 0.89 (95% CI 0.09–0.97; Fig. 1a) and
for the delayed recall was 0.94 (95% CI 0.68–0.98; Fig. 1b).
The ICC of the SVF task was 0.93 (95% CI 0.56–0.97;
Fig. 2). The mean difference between the manual score
and automatic score for the VLT immediate recall was 6.4
(SD = 4.8) with a range of −7 to 22 words, with one outlier
in which the ASR missed 22 words. Without the outlier,
the ICC remained identical, and the mean difference
remained almost the same, namely, 6.2 words difference.
For the VLT delayed recall, this was 1.2 (SD = 1.3) with a
range of −1 to 5 words, without any outliers. Finally, the
mean difference for the SVF was 2.7 (SD = 2.5) with a
range from −3 to 13 words, with one outlier where the
ASR missed 13 items. Without the outlier, the ICC re-
mained the same and the mean difference remained al-
most the same, namely, 2.6 words difference.

Diagnosis Classification
The ROC curves differentiating between SCD and

MCI within the semiautomated phone assessment are
shown in Figures 3–5. For the immediate recall of the

a b

Fig. 1. Scatterplot of the manually and automatically derived (automatic speech recognition [ASR]) score
immediate (a) and delayed (b) verbal learning task (VLT) total word count for the semiautomated phone
assessment.

Fig. 2. Scatterplot of the manually and automatically derived
(automatic speech recognition [ASR]) score semantic verbal flu-
ency (SVF) task total word count for the semiautomated phone
assessment.
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VLT, the full model of the VLT including total word
count, age, and speech and linguistic features had an
AUC of 0.81, which is classified as “excellent” differ-
entiation 29 between SCD and MCI participants
(Fig. 3). Here the full model had a higher AUC in
comparison to the age-corrected total score (AUC =
0.73, Fig. 3) and word count alone (AUC = 0.72). The
full model of the VLT could differentiate "acceptably 29
between SCD and MCI participants (AUC = 0.77,
Fig. 4), and this was slightly higher than the model
correcting for age (AUC = 0.76) and for word count
alone (AUC = 0.75). Lastly, the full model of the SVF
including the total word count, age and speech, and
linguistic features had an AUC of 0.61, which is clas-
sified as “poor” differentiation 29 between SCD and
MCI participants (AUC = 0.61, Fig. 5). The AUC of the
full model including the speech and linguistic features
was not higher than the model for the age-corrected
total score (AUC = 0.64) or the total word count alone
(AUC = 0.63).

Discussion

In this study, we examined an automated analysis of
the VLT and SVF in a semiautomated phone assess-
ment. Results showed that the ASR total word count of
both the VLT and SVF were comparable to the
manually retrieved total word count with high ICCs,

although the confidence intervals showed a broad
range for all tasks. Moreover, the automatically de-
rived speech and linguistic features for the VLT im-
mediate recall and delayed recall had a high diagnostic
discriminative power between SCD and MCI partic-
ipants, while for the SVF, the discriminative power
was low.

Previous research has already shown good compara-
bility of manual and automatic scoring of the VLT and
SVF in a face-to-face setting for both the French (for the
SVF) [12] and Dutch language (for the SVF and the
VLT) [11] (Possemis et al., unpubl. data). This is in line
with our results of the semiautomated phone assessment.
The ICC of the SVF in the face-to-face setting (ICC =
0.84) was lower than in the semiautomated phone as-
sessment (ICC = 0.93) [11]. This difference could not be
explained by the different microphones used in both
settings because the ICCs of the VLT were comparable
between face-to-face [11] (Possemis et al., unpublished)
and semiautomated phone. Although the comparability
between the manual and ASR score of the VLT and the
SVF was found to be good, wide confidence intervals were
found, and the mean difference between the manual and
ASR score was relatively high. For example, within the
VLT immediate recall, the ASR missed 6 words. This
means that the use of ASR leads to a systematic un-
derestimation of the performance of the participant for
the VLT immediate recall. To explore the clinical impact
of these mean differences, we translated the mean

Fig. 3. Receiver operating characteristic
curve for the verbal learning task (VLT)
immediate recall differentiating between
subjective cognitive decline (SCD) andmild
cognitive impairment (MCI).
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difference into clinically used standardized scores, which
are published and based on healthy controls [21, 22].
Characteristics of the current mean population were used
(male, 65 years old, middle educational level). The dif-
ferences in z-scores were 0.77 for the VLT immediate
(z-score manual: −0.63, ASR: −1.40), 0.40 for the VLT
delayed recall (z-score manual: −0.57, ASR: −0.97), and

0.52 for the SVF (z-score manual: −0.92, ASR: −1.44).
This implies that participants with the ASR score are
more often classified as cognitively impaired compared to
the manual scoring, indicating that the ASR scores tend to
have a higher sensitivity and a lower specificity. When
listening to the recordings of the VLT and SVF, the
participants with the greatest difference between manual

Fig. 4. Receiver operating characteristic
curve for the verbal learning task (VLT)
delayed recall differentiating between sub-
jective cognitive decline (SCD) and mild
cognitive impairment (MCI).

Fig. 5. Receiver operating characteristic
curve for the semantic verbal fluency (SVF)
task differentiating between subjective
cognitive decline (SCD) and mild cognitive
impairment (MCI).
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and ASR spoke quietly, with a dialect, or very quickly.
Moreover, some participants repeat words as an internal
rehearsal strategy, and therefore these items were not
meant to increase the total word count even though the
ASR registered these as correct [30].

The differentiating value of the VLT (word count with
correction for age) between SCD and MCI was high for
both the immediate and delayed recall within the phone
modality. This is in line with previous research stating
that the VLT is able to differentiate between healthy
controls or SCD and MCI in a face-to-face modality [31].
When the correction for age and speech and linguistic
features were added to the VLT immediate recall, the
differentiating power increased slightly. This increase
should be interpreted with care, as the increase is limited
and its clinical value is therefore uncertain. In previous
studies, clustering appears to be impaired within MCI
patients [32, 33] which in turn could help differentiate
between SCD and MCI when adding these to the model.
For the VLT delayed recall, no increase of differentiating
power, between SCD and MCI, over the word count and
correction for age was reported. An explanation could be
a ceiling effect for the VLT delayed recall as this is already
a very sensitive measure for cognitive disorders [31, 34].

The diagnostic differentiation between SCD and
MCI was poor overall for the SVF. As the ICC is high,
the ASR software can derive the items well, and this
therefore cannot explain the poor differentiation.
However, a possible explanation for the low AUC could
be that the supermarket SVF has a lower power in
discriminating between SCD and MCI. This is in line
with some recent studies in which the supermarket SVF
had a relatively higher differentiating power when the
diagnostic groups in the cognitive spectrum are further
apart [35, 36].

A strength of this study is the automatically derived
scores of both the VLT and the SVF; this is the first study
to examine this within a semiautomated phone assess-
ment. Moreover, the results of this study suggest that,
particularly for the VLT, the phone assessment could be a
convenient way to screen participants for clinical trials, as
there would be no need to score the task manually, which
is more time efficient. Furthermore, the higher sensitivity
of the VLT automatically derived score would give op-
portunities for using it as a screening tool for clinical
trials, keeping in mind that for clinical practice, a higher
specificity would be important.

First, a limitation of this study is that the results cannot
be generalized outside a memory clinic sample without
due consideration. Future research should include
healthy controls from the general population to be able to

implement this semiautomated phone assessment as a
screening tool for clinical trials. Second, a limitation of
this study was the exclusion of people with dementia,
which reduces the generalizability of the results to the
memory clinic population, as this population encom-
passes the entire cognitive spectrum. Therefore, future
studies should include people with dementia to determine
whether the phone assessment is suitable for people with
dementia and whether the phone assessment could dif-
ferentiate between the three diagnostic groups (healthy
control or SCD, MCI, and dementia).

In conclusion, the ASR-based outcomes of the semi-
automated phone assessment were comparable to the
manually derived scores from the VLT and SVF, although
the mean difference between both scores had a clinically
relevant impact as participants were more likely to be
classified as MCI than SCD by using the ASR score. The
phone-based VLT was able to differentiate between SCD
and MCI. All in all, this semiautomated phone assess-
ment, particularly for the VLT, could be implemented
within the screening for clinical trials.
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