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Abstract. Elderly people face problems when using current forms of Human-
Computer Interaction (HCI). Developing novel and natural methods of interaction
would facilitate resolving some of those issues. We propose that HCI can be
improved by combining communication modalities, in particular, speech and
gaze, in various ways. This study presents elderly speech-gaze interaction as a
novel method in HCI, a review of literature for its potential of use, and discusses
possible domains of application for further empirical investigations.

Keywords: Multimodal · Gaze · Eye tracking · Speech · Elderly · Interaction

1 Introduction

A significant advance in human history was the invention of reading: The invention that
the visual system could be employed for representing speech. The research in the past
several decades has shown that human visual system is active in speech communication
in various other ways, such as lip reading and silent speech (thus leading to the term
audio-visual speech). Human Computer Interaction (HCI) has a broader potential to
employ these modalities than it seems at a first glance. One example is the improvement
of Automatic Speech Recognition (ASR) by modeling contextual gaze behavior during
interaction. We propose that further improvement of HCI can be achieved by designing
interfaces for elderly speech and elderly gaze. In the following section, we present a
review of these two research fields to provide an interdisciplinary HCI background for
elderly speech-gaze interaction.

2 Impact of Aging in Communication and Interaction

Elderly individuals have developed resistance to conventional forms of HCI, like the
keyboard and mouse, therefore making it necessary to test new natural forms of inter‐
action such as speech, silent speech, touch, gestures, body and head movements, gaze
and emotions [1, 2]. In addition, elderly people often have difficulties with motor skills
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due to health problems such as arthritis. Therefore, small and difficult-to-handle equip‐
ment such as smartphones, may not be easily adopted. It is also known that due to aging,
the sensory systems, such as vision become less accurate, therefore difficulties in
perception of details or important information in graphical interfaces may arise. On the
other hand, current mainstream interfaces, most notably in the mobility area, are rarely
designed by taking into account those difficulties that elderly users may face. As a
response to those challenges, several devices have been specifically designed or adapted
for seniors in the telecommunications market (e.g. Snapfon Ez One, Samsung Jitterbug,
ZTC SP45 Senior, etc.).

The broadening of the age-group coverage in user interfaces is necessary given that
the population is ageing rapidly in many countries throughout the world, notably, in
Europe and Japan. The European Commission estimates that by 2050 the elderly popu‐
lation in the EU (European Union) will be around 29 % of the population. Accordingly,
it is hastily becoming necessary to create solutions that allow overcoming age-related
difficulties in HCI.

Elderly people who are connected to the world through the internet are less likely to
become depressed and have greater probability of becoming socially integrated [3].
Therefore, the internet and user interfaces that allow access to the internet are means for
people who want to remain socially active and integrated. In the recent state of tech‐
nology, however, technological and interaction barriers still do not allow seniors to take
a full advantage of the available services and content [1, 4, 5] despite that elderly popu‐
lation is the one that has been more rapidly going online [6].

Several research initiatives and supporting frameworks, have been paving the way
to close this gap, with Ambient Assisted Living (AAL) solutions for home and mobility
scenarios that have been positively evaluated with elderly populations [1]. We conceive
speech systems as a potential complementary solution for HCI usable by elderly
speakers, a group of users which has been found to prefer speech interfaces in the
mentioned scenarios [1, 7], but also facing limitations in their use due to the inability of
these systems to accurately model this population group.

2.1 Elderly Speech

The research literature on elderly speech characteristics does not provide a consistent,
general picture. The major source of the divergence is that aging increases the difference
between biological age and chronological age, whereas biological aging can also be
influenced by factors such as abuse or overuse of the vocal folds, smoking, alcohol
consumption, psychological stress/tension, or frequent loud/shouted speech production
without vocal training [8, 9]. Accordingly, it may be difficult to determine an exact age
limit for elderly speech. A usual assumption is that the ages between 60 and 70 are the
minimum for the elderly age group [10]. Putting aside the difficulties in the operational
definition of elderly age range, there exist specific levels of characterization that make
explicit the differences between elderly speech and teenagers or adults speech, such as
the acoustic phonetic level [11]. With increasing age there is a deprivation of chest voice,
general changes in frequencies, in the voice quality and the timbres. Changes in the
heights of vowel formant frequencies particularly occur in older men, not only for
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biological reasons, but also because of social changes. Moreover, a slower speech-rate,
greater use of pauses, elimination of articles and possessive pronouns, and lower volume
of speech are detectable [11–13].

Although being a stable characteristic when compared with the awareness and
emotional state of a speaker, human age influences the acoustic signal and the perform‐
ance of an ASR (Automatic Speech Recognition) engine, as several parameters of the
speech wave form are modified, such as fundamental frequency, first and second
formants [14], jitter, shimmer and harmonic noise ratio [15]. Those differences between
elderly and other user population influence the performance of human-computer inter‐
faces based on speech [16, 17]. This is because the majority of the methods employed
for ASR are data-driven. Most techniques (such as Hidden-Markov Models or Deep
Neural Networks) model the problem by establishing a generalization that allows infer‐
ring recognition results of unseen data. However, different speech patterns such as the
ones seen in elderly and children, which are not often used to train such models, cause
a decrease in performance of such data-driven systems. The typical strategy to improve
ASR performance under these cases is to collect speech data from elderly speakers in
the specific domain of the target application and train elderly-only or adapted acoustic
models [18–20]. Recent initiatives from the research community that have followed this
strategy, specifically for European Portuguese, French, Polish and Hungarian, that
targeted speech data collection and acoustic modelling towards the improvement of
elderly speech technologies in these language, can be found in the literature [4, 21, 22].

In summary, conventional ASR interfaces do not handle well elderly speech in the
recent state of technology. The ASR systems, if trained with young adults’ speech,
perform significantly worse when used by the elderly population, due to the various
mentioned factors as stated above, as well as in the relevant research literature [10].
A solution is to train the systems with elderly speech. However, considerable cost and
effort are required for these collections [22]. A complementary solution is to employ
modalities other than speech to support ASR. In the present study, we propose that gaze
offers this potential to support elderly ASR. The following section presents a brief review
of gaze characteristics in elder adults. We believe that this provides the necessary back‐
ground for using gaze to support elderly speech interfaces.

2.2 Elderly Gaze

Elderly population exhibits different gaze-behavior characteristics than both younger
adults and children in some respects. Compared to research on gaze characteristics of
younger adults and children, much less research has been conducted for elderly. In this
section, our goal is to present an overview of elderly gaze, in comparison to gaze in both
younger adults and children where applicable.

A general finding is the loss of inhibitory processing capacity by aging [23], as
measured by the so-called antisaccade task. The antisaccade task has been conceived as
a measure of general inhibitory control, specifically the control over gaze behavior. In
this task, the participant is asked to suppress the reflexive saccade at a visual target that
suddenly appears at the periphery of the acute visual field by performing a saccade to
the opposite direction of (i.e., by looking away) of the visual target. In particular, the
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saccadic reaction time (the time to onset of the eye movement) has been shown to be
negatively influenced by age. It has been also shown that elderly participants exhibit
longer duration saccades compared to both younger adults and children [24]. This loss
in top-down inhibition in elderly may also be observed in patients diagnosed with certain
neurological and/or psychiatric disorders [25]. The antisaccade task has also been
conceived as an index of cognitive processes, in particular working memory [26], thus
as a potential indicator of earlier stages of cognitive decline.

On the other hand, the research literature on aging has revealed that higher-level
cognitive abilities are less influenced by aging compared to sensory abilities. For
instance, it has been shown that visuospatial memory is not heavily influenced by aging
[23]. Similarly, elderly exhibit similar characteristics to younger adults in visual search
for targets that are defined by a conjunction of features (in contrast to children, who
exhibit slower performance in this task). The major difference between elderly and
younger adults is that the elderly have difficulty in moving attention from one item to
another [27]. This difference is usually attributed to elderly participants’ difficulty in
locating peripheral targets rather than a difference in the attentional system between
elderly and younger adults [28]. The difficulty in locating peripheral targets is due to a
more general finding about the shrinkage in the useful field of view (UFoV, the area from
which useful information can be extracted) by age [29].

The challenges that elderly people face in reading processes also seem to be related
to the shrinkage in the useful field of view (UFoV). Reading comprises both foveal
processing (for acute visual processing in recognition of letters and words) and paraf‐
oveal processing (for detecting spaces between words, paragraphs, as well as a few
characters to the right of fixation) [30–33]. The previous research on elderly reading
shows that elderly readers have a smaller visual span than younger readers [34]. Masking
the foveal region by means of gaze-contingent eye trackers (thus asking the participants
to read parafoveally) results in a higher difficulty in elderly readers compared to younger
ones [35]. Moreover, a more symmetric visual span is observed in elderly readers. The
span in younger adults is asymmetric towards the right or left of fixation, depending on
the writing direction. In cultures with left-to-right writing, the span extends to the right
of the region, and vice versa for the right-to-left writing cultures. In both cases, the
challenge for elderly readers is parafoveal processing.

In the studies that present more complex stimuli than the stimuli of the antisaccade
task, such as a traffic scene image, the findings address a broader range of eye movement
parameters. For instance, in a driving simulation study, the results revealed that elderly
participants had more frequent fixations with shorter saccadic amplitudes compared to
younger participants. In terms of the scene viewing characteristics, elderly participants
spent more time on local regions where younger participants more evenly distributed
their gaze throughout the scene [36, 37], accompanied by decreases in elderly drivers’
peripheral detection [38]. A similar “tunnel effect (or perceptual narrowing)” phenom‐
enon is observed in elderly drivers in simulated driving context with increased
complexity, such as passing maneuvers [39].

These findings suggest that gaze-based interfaces can be used as an interaction
method for the elderly. The decrease in inhibitory control of eye movement and the
shrinkage in useful field of view (UFoV) by age indicate that a gaze-aware

6 C. Acartürk et al.



(i.e., gaze-contingent) interaction has the potential to facilitate visual search and
browsing by elderly by providing explicit instructions (e.g., attention attractors) towards
the periphery of the visual scene (such as, arrows and other graphical cues that show the
direction of the relevant region of interest on the screen).

Finally, there are further aspects of eye movement characteristics that we have not
touched upon in the above review. One is pupil size and dilation, which may be employed
for detecting emotional states of the participants, as well as cognitive processing diffi‐
culties. The general finding is that a smaller maximum dilation velocity characterizes
elderly gaze. Moreover, the resting pupil diameter is smaller in elderly compared to
younger adults [40]. Recent studies reveal that pupil size is also influenced by processing
difficulties in word recognition and response selection in elderly people with hearing
loss [41]. Given that elderly users exhibit different emotional patterns, such as the
tendency to favor positive stimuli over negative stimuli [42], elderly dilation may require
a different interpretation than younger adults, as a measure of users’ emotional state.
Further research is necessary to reveal the potential of these gaze behavior characteristics
in HCI. In the following section, we focus on specific methods of multimodal interaction,
which aim at improving elderly speech recognition by gaze.

3 Combining Eye-Gaze Information with Speech

Speech communication is usually a multimodal process in the sense that multiple sources
of information are used by humans and affect the way we interpret and issue speech
messages. For example, evidence that speech perception employs both hearing and
visual senses has been shown by McGurk [43] in 1976. In literature we also find studies
that show the use of contextual information such as head and full body movements,
gesture, emotions, facial expressions prosody and gaze in human-human speech commu‐
nication [44–46]. In this analysis we focus our attention in the advantages and disad‐
vantages of the combined use of eye-gaze information along with speech for HCI, since
the current literature suggests that a combined application of ASR and gaze information
can be used to improve multimodal HCI.

In 2008, Cooke and Russell [47] used the gaze information to change model prob‐
abilities of a given word based on the visual focus. In this study the authors assumed a
relation between eye movements and the communicative intent. Later studies from the
same authors towards noise robust ASR, suggest a relationship between gaze and speech
in noisy environments, a “gaze-Lombard effect” [48]. Also in 2008, Prasov and Chai
[49] examined the relation between eye-gaze and domain modeling, in a framework that
combined speech and eye-gaze for reference resolution. Their conclusions show that
eye-gaze information can be used to compensate the lack of domain modeling for refer‐
ence resolution.

Other authors of multimodal HCI have suggested that the use of gaze information
in web-browsing scenarios might provide substantial improvements [50]. This was later
verified by Slaney et al. [51]. Slaney et al. reported improvements in ASR performance
when accomplishing common browsing tasks such as making a dinner reservation,
online shopping and purchasing shoes, and reading online news. The authors used
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eye-gaze as contextual information in order to constrain the ASR language model. In
terms of the results, improvements of 25 % and 10 % word-error rate (WER) were
achieved over a generic and scenario-specific language models. A similar study was
conducted by Hakkani-Tür et al. [46] where a conversational web system was developed
for interpreting user intentions based on speech and eye-gaze. In this study improve‐
ments were also reported not only in predicting the user intention but also in resolving
ambiguity, a common technical problem in dialog systems.

Gaze information has also been found to be useful for spoken message dictation
scenarios [52–54]. In these studies gaze information has been used as a secondary
modality to help choosing between recognition hypotheses in a text entry interface.
Additionally, gaze is also used to support correction of speech recognition errors. In the
adopted interface model gaze partially replaces the use of the mouse in navigation func‐
tions, such as zooming through the presented recognition hypotheses, and for selecting
the correct word.

Recent studies also reveal that estimation of eye gaze based on facial pose can have
a positive impact in ASR [55]. Other related studies include the analysis of tonal and
segmental information, in languages such as Mandarin Chinese, [56], the study of
perceptual learning application in speech perception [57], the analysis of the interpola‐
tion of lexical, eye gaze and pointing models, which was performed in order to under‐
stand aspects of situated dialogues [58], and an in-car multimodal system, which uses
information from geo-location, speech, and dialog history, alongside gaze information
(estimated from face direction) to interact with the driver [59].

4 Discussion and Conclusion

The studies reviewed in the present paper reveal that eye-gaze information has the
potential to significantly increase performance of ASR when combined with speech.
However, it is not clear if this fact is applicable to persons of all age groups such as
children and elderly.

Analyzing the modalities (speech and gaze) in isolation, and starting by speech, the
literature findings suggest that current speech interfaces suffer from its generic modeling
approach, not specifically targeted for adult users. Taking into account speech for
different age patterns, would resolve this issue but with high cost and effort. As for the
literature on eye-gaze information, the studies suggest that it is possible to collect gaze
data from all age groups. There is also a fast paced evolution of eye-tracking devices.
The cost of desktop-mounted eye tracking sensors has significantly decreased in the past
few years, approximately by one hundredth. Although these eye trackers are not appro‐
priate for testing saccade metrics that require high accuracy, they exhibit acceptable
performance for spatial precision and accuracy, thus for fixation detection [60]. There‐
fore it seems plausible to consider its use for real-world scenarios. However, more
studies are necessary to have a better understanding of the impact of aging problems
upon interaction through eye tracking.

The studies also suggest advantages in the combined used of these modalities. For
example, they can be collected in a non-invasive and non-obtrusive manner
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(not considering mounted/wearable eye trackers) and allow for a natural interaction
with the computer or device. Thus, we believe that elderly could eventually benefit
from a multimodal interface based on the analyzed modalities. However, empirical
investigations are needed to understand whether a multimodal approach using eye
tracking and speech recognition would in fact introduce benefits in HCI with elderly
users. Recent research on eye movements and aging reveal that laboratory studies only
partly resemble the studies in the real world [61]. Therefore field studies are necessary
for testing the settings that are proposed in the present study. In particular, usability
studies of multimodal HCI scenarios based on speech and gaze gain relevance and can
provide useful feedback about the application of this sort of setups in real environments.

Future work will focus on conducting experimental investigations of the proposed
speech-gaze interfaces. This includes exploring novel scenarios such as: (1) the use of
gaze combined with speech in mobile scenarios (e.g. interaction with a tablet), which
take advantage of new technological solutions in terms of eye tracking; (2) to assess the
usability of such multimodal interfaces with users from different age groups, particularly
elderly users; (3) to extend the number of HCI tasks which benefit from the combined
use of speech and gaze, such as access to online content or interaction with assistive
technologies; (4) to understand which of these scenarios can be tackled with an ubiqui‐
tous and affordable solution.
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