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RESEARCH ARTICLE

Increased attention to the eye region when playing 
background music in Alzheimer's disease: 
a remotely-delivered webcam eye-tracking feasibility 
study
Anne-Marie Greenaway a, Faustina Hwang a, Slawomir Nasuto a 

and Aileen K. Ho b

aBiomedical Engineering, School of Biological Sciences, University of Reading, Berkshire, UK; 
bSchool of Psychology and Clinical Language Sciences, University of Reading, Berkshire, UK

ABSTRACT
Music modulates dwell-times on discriminating facial features (e.g. eyes) and 
rumination levels modulate visual attention/responses to music. As these fac-
tors are understudied in dementia, particularly in non-care settings, home- 
based music research with webcam-based eye tracking (WBET) was explored. 
Participants completed online self-report mood/rumination measures and 
a cognitive status interview. In silence and then with background music, parti-
cipants fixated on a cross, naturally viewed emotional-neutral facial pairings, 
and then fixated on a dot. Percentage dwell-time on emotional faces, and the 
top-half versus bottom-half of these images was examined and changes were 
registered by the eye tracker during the music condition. WBET use was feasible 
(i.e. full datasets were collected for both conditions) for 39% of the participants. 
Data could not be collected from 33% of the participants due to initial calibra-
tion failures attributed to head movement and/or blinking, and face detection 
and internet connection issues. All other issues could be resolved remotely with 
assistance. In conclusion, WBET use in music-based research is feasible and 
provides access to eye-tracking studies for some individuals. The large amount 
of data/participant loss should be considered in sample size calculations. 
Practical recommendations, preliminary data, and hypotheses based on these 
data are provided for future research.
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Persons with dementia and mild cognitive impairment often experience 
depression and anxiety (Botto et al., 2022; Ma, 2020), which are associated 
with adverse effects such as an increased risk of Alzheimer’s disease for 
individuals with mild cognitive impairment, increased cognitive decline, 
a reduced quality of life, and higher residential care-home admissions 
(Breitve et al., 2016; Gallagher et al., 2011; Gonfrier et al., 2012; Spalletta 
et al., 2012). Music (listening or making) is commonly used as a non- 
pharmacological approach to alleviate the neuropsychiatric symptoms 
experienced by persons with cognitive impairment due to its accessibility 
and lack of/minimal side-effects (Garrido, Dunne, et al., 2017; Ito et al., 2022). 
More music studies involving older persons are conducted in care settings 
(e.g. hospitals, nursing homes, and psychiatric wards) than in the community 
(e.g. daycare centres, singing clubs, and participant homes) (Allfree et al., 
2024; Dhippayom et al., 2022; Moreno-Morales et al., 2020; Sousa et al., 2020; 
Zhang et al., 2017). As a larger proportion (up to 80%) of persons with 
dementia are community-dwelling (Livingston et al., 2014), the literature 
base may not be representative of the majority of persons with dementia.

Alongside the relatively understudied community-dwelling population, 
we also find that the effect of music on visual attention and/or attentional 
biases (the types of visual stimuli that individuals attend to or avoid) has been 
understudied in dementia. Although studies report that music can affect 
attention for persons with dementia and mild cognitive impairment as mea-
sured by standard cognitive tests (Ito et al., 2022; Jordan et al., 2022), little 
focus has been devoted to exploring how music may alter what is attended to 
using real world imagery, e.g. faces and scenes. In fact, few studies in general 
examine the effect of music on facial (image) viewing (Kallinen, 2017).

The attentional biases of older persons

Attentional biases are thought to play a key role in the aetiology, maintenance, 
and recurrence of anxiety and depression, yet attentional biases research with 
older persons with and without dementia is scarce (Arditte & Joormann, 2014; 
Bourgin et al., 2020; De Raedt & Koster, 2010; MacLeod & Clarke, 2015; Sanchez 
& Vazquez, 2014). Using eye-tracking, an ecologically valid assessment of 
attentional biases (Arditte & Joormann, 2014; Bantin et al., 2016), studies 
have shown that cognitively healthy older persons can demonstrate atten-
tional biases for positive stimuli (Demeyer et al., 2017). Persons with 
Alzheimer’s disease can look longer at and have shown difficulty disengaging 
their gaze from negative stimuli compared to neutral stimuli (Bourgin et al., 
2020; LaBar et al., 2000), and those experiencing apathy can display reduced 
attentional biases towards social stimuli (Chau et al., 2016). Investigating the 
attentional biases of persons with dementia using eye-tracking could prove 
beneficial to clinicians (Greenaway et al., 2024a) as anxiety and depression 
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treatment response can be difficult to assess (Dudas et al., 2018). Anti- 
depressant treatment (the front-line intervention in dementia) and psycholo-
gical therapy (a recommended intervention for persons with dementia experi-
encing mild to moderate symptoms) can be associated with attentional bias 
change in cognitively healthy older persons and other populations, with early 
changes in attentional biases being associated with successful anti-depressant 
treatment (Banerjee et al., 2011; Godlewska & Harmer, 2021; Harmer et al., 2009; 
Mohlman et al., 2013; NICE, 2018; L. Zhang et al., 2020). To our knowledge, it is 
yet to be established if the attentional biases of persons with dementia or mild 
cognitive impairment are modified during or after psychological, non-/phar-
macological intervention. Here, we focus on music, a commonly used non- 
pharmacological intervention delivered to persons with dementia.

Music and visual attention

Music may impart therapeutic effects by, for example, modulating the stress 
response, regulating emotion, and modulating the production of neurotrans-
mitters (e.g. dopamine and serotonin) which can be depleted in anxiety and 
depression (Chanda & Levitin, 2013; Evers & Suhr, 2000; Menon & Levitin, 
2005; Schäfer et al., 2013; Thoma et al., 2013; Xing et al., 2016; Zarrindast & 
Khakpai, 2015). These neurotransmitters, amongst others (e.g. acetylcholine), 
play important roles in attention allocation/visual processing (e.g. perception, 
social cue and stimuli processing) (Lockhofen & Mulert, 2021). Music mod-
ulates attention allocation (e.g. fixations) and attentional biases for emotional 
stimuli for younger adults (Arriaga et al., 2014; Bravo, 2014; Invitto et al., 2017; 
Mera & Stumpf, 2014; Millet et al., 2021), and increases emotion recognition 
accuracy and dwell-time on the face for individuals on the autistic spectrum 
(Ramirez-Melendez et al., 2022; Thompson & Abel, 2018).

Similarly to individuals on the autistic spectrum who dwell less on the face 
and the eyes (Tanaka et al., 2017; Thompson & Abel, 2018), emotional recog-
nition can be impaired for individuals with depression and older persons with 
and without cognitive impairment, and could be linked, in part, to insufficient 
viewing of facial regions used in emotional discrimination (e.g. the eyes) (Low 
et al., 2022; Noiret et al., 2015; Ogrocki et al., 2000; Phillips et al., 2010; Weiss 
et al., 2008). For example, the eye region is thought to facilitate the identifica-
tion of anger and sadness (Ebner et al., 2011; Eisenbarth & Alpers, 2011; Low 
et al., 2022), and increased viewing of this region improved emotional recog-
nition for persons with Alzheimer’s disease (Hot et al., 2013). Reduced eye- 
contact or dwelling on the eyes is also thought to be a risk factor of anxiety, 
and a feature and maintenance factor of both anxiety and depression 
(Schneier et al., 2011; Spence & Rapee, 2016; Suslow et al., 2024), with clinical 
or significant improvements in mood being associated with increased eye 
contact (Fiquer et al., 2013; Matsumoto et al., 2023).
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While eye contact has been assessed within music-based dementia research 
(Clare et al., 2020), to our knowledge, the relative attention to facial regions for 
different emotional expressions required exploration via eye tracking. Remote 
webcam-based eye tracking was explored in the current study as it is feasible 
for some persons with and without dementia to perform from their homes via 
their personal devices (A.-M. Greenaway et al., 2021) and has the potential to 
reach individuals who are unable to take part in lab-based eye-tracking studies 
(e.g. travel issues), who may avoid exposure to unfamiliar devices, and/or those 
who may feel uncomfortable having a researcher in their homes.

Webcam-based eye tracking in music research

While similar patterns of results and reliability levels comparable to lab-grade 
and remote eye-trackers have been found using webcam-based eye tracking 
(Bott et al., 2020; Greenaway et al., 2024a; Semmelmann & Weigelt, 2018; 
Wisiecka et al., 2022), to our knowledge, one music-related study has been 
conducted exploring the feasibility of tracking infants’ gaze during 
a preferential looking task assessing audio-visual synchrony perception (Bánki 
et al., 2022). Although being deemed feasible, high attrition (~50%) was 
reported and attributed to issues surrounding calibration and potentially the 
fact that the study was unmoderated (i.e. no immediate technical support was 
available). To our knowledge, the current study is the first to explore the 
feasibility of conducting music-based dementia research with webcam-based 
eye tracking. Further, to explore music, attentional biases, and rumination, in 
combination, for persons with dementia. A person’s rumination level, that is 
their tendency to think repetitively about the causes and consequences of 
a low mood or depression (Nolen-Hoeksema, 1991), can affect their response to 
music, and they may ruminate to the (sad) music (Garrido, 2009; Garrido, Eerola, 
et al., 2017). Potentially, negative attentional biases may increase if rumination 
levels increase (LeMoult & Gotlib, 2018). As such, rumination should be con-
sidered in music-based research/interventions (Garrido et al., 2020).

In sum, attentional biases are linked to anxiety, depression, and rumina-
tion, and attentional biases can be modified by music. Yet, how older persons’ 
attentional biases may be modified by music and how rumination may be 
implicated have received little focus. In hopes of engaging community-based 
older persons to address the aforementioned literature gaps in a larger study, 
the aim of the current study was to explore the feasibility of incorporating 
webcam-based eye tracking within remotely-delivered music-based research. 
Although attentional bias changes should be observed (Arriaga et al., 2014; 
Lazarov et al., 2017; Shamai-Leshem et al., 2021), the preliminary attentional 
bias data were collected for sample size calculations and to develop working 
hypotheses for exploration in appropriately-powered future studies 
(Puurtinen, 2018).
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Materials and methods

Participants

Eighteen participants were recruited via the Join Dementia Research platform 
(https://www.joindementiaresearch.nihr.ac.uk/) (see supplementary material 
for detailed recruitment information). Persons with Alzheimer’s disease and 
mild cognitive impairment were combined to form a participants with cog-
nitive impairment group. Full eye-tracking datasets were obtained from 
seven participants (female = 4, male = 3; Alzheimer’s disease = 4, mild cogni-
tive impairment = 1, cognitively healthy = 2). The participants with cognitive 
impairment group (two females and three males aged 60 to 74 yrs old) were 
classified as being non-depressed/non-anxious (mild cognitive impairment =  
1), anxious (Alzheimer’s disease = 1), or having comorbid depression and 
anxiety (Alzheimer’s disease = 3) (see Table 1. for descriptive data). Three 
participants with Alzheimer’s disease were taking cognitive medication 
(Donepezil), and one was taking anti-depressant medication. The cognitively 
healthy participants (two females aged 64 and 74 yrs old) were classified as 
being non-depressed/non-anxious.

Four of the seven participants (Alzheimer’s disease = 2, cognitively healthy  
= 2) wore reading glasses and removed them for the eye-tracking task. All of 
the participants confirmed they could see the eye-tracking stimuli clearly.

Procedure

The general webcam-based eye-tracking procedure has been previously 
reported (Greenaway et al., 2024a) and is summarised here. Prior to the eye- 
tracking session, participants received preparation notes, a personalised link 
to Online surveys (https://www.onlinesurveys.ac.uk/) to complete self-report 
depression and anxiety screens, and a Microsoft Teams meeting link via email. 
The participants could receive assistance from another person to navigate the 
study’s technical requirements. Participants joined the Microsoft Teams meet-
ing for a cognitive status interview and the eye-tracking session, and shared 

Table 1. Descriptive age, cognitive, and mood data.

Measures

PwCI (n = 5) HC (n = 2)

Mean SD Mean SD

Age 66 5 69 7
Cognitive status (TICS) 30 4 35 4
Depression (PHQ-9) 11 11 2 1
Anxiety (GAD-7) 11 8 2 3
Rumination 47 15 31 2

PwCI: participants with cognitive impairment; HC: cognitively healthy control; TICS: 
Telephone Interview for Cognitive Status; PHQ-9: Patient Health Questionnaire 9 scale; 
GAD-7: Generalised Anxiety Disorder 7 scale.
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their laptop screens with the researcher. They received an emailed link to 
Gorilla (Anwyl-Irvine et al., 2020) to complete the attentional bias tasks during 
the session. Participants completed two attentional bias measure blocks, the 
first block conducted in silence and the second block with background music.

The researcher provided eye-tracking set-up support (e.g. body and face 
positioning) as required and monitored the participant and their environ-
mental conditions (e.g. for distractions during trials) throughout the session 
which lasted up to 2 hours in total. The study was reviewed in accordance 
with the procedures of the University of Reading’s Research Ethics Committee 
and received a favourable ethical opinion for conduct (UREC 19/71). All 
participants provided written or verbal consent before the start of the 
study. All participants with cognitive impairment were required to have 
a carer or representative provide written or verbal confirmation of the parti-
cipant’s ability to provide informed consent.

Measures

Cognitive status
The 11-item Telephone Interview for Cognitive Status (TICS) dementia screen 
was used to assess memory, orientation, attention, and language. Scores 
could range from 0 to 41. A total score of ≤ 30 indicated cognitive impair-
ment. The discriminative ability of the TICS is comparable to the Mini Mental 
State Exam (Folstein et al., 1975; Seo et al., 2011).

Depression
Eight items of the 9-item Patient Health Questionnaire 9 (PHQ-9) (Kroenke & 
Spitzer, 2002) were used to screen for the presence of depressive symptoms. 
Removal of the suicidal ideation item due to ethical concerns, did not affect 
the interpretation of final scores (Kroenke & Spitzer, 2002). A score of 0 to 3 
(‘not at all’ to ‘nearly every day’, respectively) is assigned for each item giving 
a total of between 0 and 24. Scores of 5, 10, 15, and 20 represent the lower 
cut-off points for mild, moderate, moderately severe, and severe depression, 
respectively. A score of ≥ 10 has a specificity and sensitivity of 88% for major 
depression disorder (Kroenke & Spitzer, 2002).

Anxiety
The 7-item Generalised Anxiety Disorder Scale (GAD-7) (Spitzer et al., 2006) 
was used to screen for the presence of anxiety symptoms. A score of 0 to 3 
(‘not at all’ to ‘nearly every day’, respectively) is assigned for each item giving 
a total of between 0 and 21. Scores of 5, 10 and 15 represent the lower cut-off 
points for mild, moderate, and severe anxiety, respectively. The scale has high 
internal consistency (α = .89) (Löwe et al., 2008).
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Rumination
The 22-item Ruminative Response Scale (RRS) (Nolen-Hoeksema, 1991) was 
used to assess rumination in response to depression levels. Respondents 
indicated what they generally think or do for each item. A score of 1 to 4 
(‘almost never’ to ‘almost always’, respectively) is assigned for each item 
giving a total score of between 22 to 88, with higher scores indicating 
a higher level of ruminative response. The scale shows excellent internal 
consistency as well as adequate convergent and predictive validity (Nolen- 
Hoeksema et al., 1993, 1994). The RRS has demonstrated excellent internal 
consistency (α = .92) and adequate test-retest reliability (r = .77) for persons 
with dementia (Greenaway et al., 2024b).

Eye tracking
Detailed positioning, calibration, and validation information have been pre-
viously described (see Greenaway et al. (2021) and Semmelmann and Weigelt 
(2018)). Briefly, participants were instructed to sit directly in front of their 
webcam and to use their video feed presented in the top left corner of their 
screens to position themselves. Participants were told (1) to align themselves 
such that their faces appeared in the middle of a box outline overlaid in the 
center of the video feed, (2) that the box outline must turn green, and (3) that 
the green face outline displayed in the video feed (which detects the user’s 
face) must match their features (face-mesh) to enable a start button. The start 
button changed from faint red in colour to a deeper shade of red when 
enabled, and once clicked, the participants advanced to a calibration and 
validation phase.

Within the calibration phase, a 50 × 50-pixel red dot appeared consecu-
tively in 9 fixed locations (a 3 × 3 grid spanning the height and width of the 
screen) in a random order. Participants were instructed to look at the dot as 
quickly as possible and fixate on it until it disappeared. The validation phase 
was identical to the calibration phase, except the dot was green. A calibration 
and validation phase was completed at the start of each attentional bias 
measure block and their sub-blocks (described next).

Attentional biases
A modified dot-probe task (MacLeod et al., 2002) was used to measure atten-
tional biases (see Figure 1). The dot-probe was used as a foil task in the current 
study and the critical display was the facial stimuli slide that precedes the dot- 
probe. Each trial began with a blank screen for 500 ms. A cross then appeared 
in the centre of the screen for a fixation (500 ms). Sad, angry, happy, and 
neutral facial expressions, selected from the FACES database (Ebner et al., 
2010), were then displayed in emotional-neutral and emotional-emotional 
pairings. The pairings, from the same actor, were presented to the left and 
right of where the fixation cross had been located for 2000 ms. Once the faces 
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had disappeared, a black dot appeared in the centre of one of the face’s 
previous locations for a fixation (1000 ms). Screen timings were based on 
prosaccade latencies (i.e. time taken for the fast eye movements that shift 
the gaze from one spatial location towards a target) ranging from 178 to 385  
ms, for persons with mild cognitive impairment and Alzheimer’s disease 
(Opwonya et al., 2022). Participants were instructed to look at the cross and 
the dot quickly and fixate until they disappeared, and to naturally view the 
facial stimuli when presented. A total of 96 trials were shown randomly in 
a block, and the block was divided into three sub-blocks each containing 32 
trials. Each emotion type was presented 48 times by a total of 24 actors. Each 
actor was presented four times. The dot appeared an equal number of times in 
the previous location of each emotion, and the trials were counterbalanced for 
actor gender, and the side of the screen the emotion type and dot appeared 
on. Participants completed two attentional bias measure blocks, the first being 
conducted in silence and the second being conducted with background music 
which began playing at the onset of the first slide in this block.

Music samples
One music track was algorithmically generated using harp sounds with con-
sonant interval sets of perfect fourths, perfect fifths, and octaves, and tempo 

Figure 1. Trial presentation details.
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defined as seven notes per second (see Bravo et al. (2017) for detailed 
composition information). The other was a choral piece composed in 
a romantic period style using string sounds (e.g. violin, and viola), with 
consonant interval sets of thirds, fourths and fifths, and tempo defined as 
quarter note = 36 (see Bravo et al. (2020) for detailed composition informa-
tion). Consonant music correlates with positive emotions and is typically 
rated as pleasant (Blood et al., 1999).

Data analysis

Descriptive analysis was performed with the Statistical Package for the Social 
Sciences, version 25 (IBM Corp, 2017).

Symptom status
As a cut-off of ≥ 5 points on each scale represented the presence of depres-
sion (PHQ-9) and anxiety (GAD-7) (Kroenke & Spitzer, 2002; Löwe et al., 2008), 
participants who scored < 5 on both the PHQ-9 and the GAD-7 were classified 
as non-depressed/non-anxious, <5 on the PHQ-9 and ≥ 5 on the GAD-7 as 
anxious, and ≥ 5 on the PHQ-9 and < 5 on the GAD-7 as depressed. 
Participants who scored ≥ 5 on both the PHQ-9 and GAD-7 were classified 
as comorbid (anxious and depressed).

Feasibility
Feasibility was defined as the successful calibration and collection of eye- 
tracking data (Davis, 2021) from the participants under both conditions.

Results

Participant characteristics

On average, the participants with cognitive impairment were younger, more 
cognitively impaired, anxious, and depressed than the cognitively healthy 
participants (see Table 1 for descriptive data). They also used a ruminative 
response to depression to a greater extent than the cognitively healthy 
participants.

Eye tracking

None of the participants had previously taken part in an eye-tracking 
study. Four participants with cognitive impairment had assistance from 
their spouse/friend (full assistance = 2, partial = 2). Usable eye-tracking 
data from both conditions were obtained from 39% of participants. 
Partial eye-tracking data were obtained from 28% of participants 
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(participants with cognitive impairment = 2, cognitively healthy = 3). 
Reasons included internet connection instability/within block calibration 
failure (participants with cognitive impairment = 1, cognitively healthy =  
1), study time (i.e. study overran/conflict with other commitment) (parti-
cipants with cognitive impairment = 1, cognitively healthy = 1), and 
a sampling issue (i.e. a lag before the first eye-gaze prediction was 
generated across all slides within the music condition) (cognitively 
healthy = 1). Calibration was unsuccessful for 33% of participants (parti-
cipants with cognitive impairment = 5, cognitively healthy = 1) and attrib-
uted to face-meshing difficulties (participants with cognitive impairment  
= 3), head movement and/or blinking (participants with cognitive impair-
ment = 2), and internet connection (participants with cognitive impair-
ment = 2, cognitively healthy = 1). It should be noted that we successfully 
face-meshed a spouse/friend in the same spot as the participant experi-
encing face-meshing difficulties (n = 3) to rule out possible factors (e.g. 
internet connection).

Technical issues, solutions, and other observations

Initially, participants were emailed their link to the Gorilla platform at the 
point the hosted tasks needed to be completed. As one participant experi-
enced a 5-minute delay to receive the email, the links where subsequently 
sent at the start of the Microsoft Teams session. Two participants with Apple 
Mac devices dropped out of the share screen function in Microsoft Teams 
when the webcam-based eye tracking task initiated. An additional device 
(e.g. mobile phone) was needed to communicate with these participants. 
A Google search revealed that this is a common issue and the simplest 
solution was to use more than one device. Two participants had camera 
feed issues (i.e. camera feed box appeared but was blacked out, and no 
camera feed box appeared) which were unrelated to enabling camera use. 
A new Gorilla link was sent for the former issue, and the refresh button was 
pressed in the latter. Importantly, there were no issues with music play for the 
participants who attempted this condition (n = 9).

Participants were given the option to rest their chin on their hands (which 
requires leaning over). Having a make-shift chin rest could reduce head 
movement, a factor which reduces data quality (Semmelmann & Weigelt, 
2018). Three participants attempted to rest their chin on their hands. When 
the researcher checked these participants’ level of comfort, the participants 
opted to remove their chins from their hands.

The webcam-based eye-tracking program, at times, could try to face-mesh 
a background object (see Figure 2). Having participants think about their 
backgrounds in advance, e.g. having a plain wall behind them (if possible), 
could facilitate the face-meshing process.

10 A.-M. GREENAWAY ET AL.



The right light source direction also facilitated the face-meshing 
process. We observed that light sources behind, directly above, or to 
the side of participants could cause light or heavy shadowing on the 
face affecting face-meshing. Two spouses of participants with cognitive 
impairment who had face-meshing/internet difficulties/unsuccessful 
calibration enquired if a downloadable eye-tracking package was an 
option.

Preliminary data

The preliminary data used for developing hypotheses are presented in 
Table 2 and Figure 3 (see supplementary material for group and indi-
vidual data). Significant differences were found between silent and 
music conditions for those displaying silent-condition AB towards 
angry faces, t(4) = 3.850, p = .02, 95% CI [2.6, 16], and for the HC group’s 
dwell-time on the top-half, T = 111.00, z = −2.86, p = .004, 95% CI [−25, 
−6.5], and the bottom-half, t(31) = −2.054, p = .048, 95% CI [−23, −.08], 
of angry-faces. The relationship between sad-face AB and rumination 
scores approached significance, r(5) = −.73, p = .06, 95% CI [−.96, .05] for 
the music condition.

Figure 2. Webcam-based eye-tracking program attempting to face-mesh a background 
object.
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Discussion

The aim of the current study was to explore the feasibility of incorpor-
ating webcam-based eye tracking within remotely delivered music- 
based research. As little focus had been given to how older persons’ 
attentional biases may be modified by music and how rumination levels 
may be implicated, older persons’ rumination levels were assessed and 
their attentional biases to emotional facial images and the relative 
attention to the top-half and bottom-half of these images (i.e. discrimi-
nating feature regions containing the eyes and the mouth) when view-
ing in silence and with background music were measured using 
webcam-based eye tracking. The process was feasible (i.e. full datasets 
were collected for both conditions) for 39% of the participants which is 
in line with previous research (Yang & Krajbich, 2021). Although higher 
levels (up to 80%) have been reported (Bánki et al., 2022; Prystauka 
et al., 2023), participant age may have impacted data collection. Still, 
factors associated with aging (e.g. glasses wearing, irregular pupil/eye 
shape, and cataract) can result in a loss of participants within remote 
and traditional eye-trackers studies (Davis, 2021; Nyström et al., 2013). 
Additionally, face detection models have difficulty with some popula-
tions’ characteristics (e.g. older persons and black females) due to them 

Figure 3. Individual participants’ sad bias scores against ruminative response scale (RRS) 
scores for silence and music conditions. Bias score: proportion of the average dwell-time 
on the sad face relative to the average dwell‐time on both the sad face plus its 
corresponding neutral face. Bias scores of >50% indicate longer dwelling on sad 
faces, <50% less dwelling on sad faces, and the horizontal line at 50%, no bias. The 
dashed vertical line represents the cohort median RRS score. Scores of <40 or >40 
indicate low and high ruminators, respectively. Low ruminators displayed increased 
dwelling on sad faces in the music condition whereas high ruminators displayed 
reduced dwelling.
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being trained on a limited range of faces (Buolamwini & Gebru, 2018; 
Gentzel, 2021; Saxena et al., 2023; Stypinska, 2023). Consequently, in-lab 
eye-tracking studies involving older persons also encounter a high level 
of participant loss (e.g. 45% (Allard et al., 2010)).

In terms of participant observation, the Microsoft Teams meeting 
potentially contributed to participant/data loss by reducing the proces-
sing capacity of the participant's devices whilst the eye-tracking task 
was being conducted. Studies have set initial minimum requirements in 
terms of hardware and internet connection in an attempt to reduce 
dropout/data loss (Bertrand & Chapman, 2023; Yang & Krajbich, 2021). 
Unfortunately, we did not investigate the minimum requirements for 
running the eye-tracking and Microsoft Teams programs simultaneously. 
As observation was necessary (e.g. to assist with positioning/lighting), it 
is encouraging that participants in the current study were willing to use 
a second device to interact with/be monitored by the researcher. 
Future webcam-based eye tracking studies using observation should 
advise participants that this may be a potential problem solving option 
and to have a second device to hand.

Another encouraging finding here was that some older persons with 
internet connection issues were open to a downloadable eye-tracking option. 
How the eye-tracking data would be managed/transferred once generated 
would require a great deal of thought but a downloadable offline eye- 
tracking option is currently available (Kaduk et al., 2023).

Other considerations

The feasibility of using webcam-based eye tracking in (music-based) 
research also depends on the study’s experimental design and the phe-
nomenon being measured (Van der Cruyssen et al., 2023). Using up to six 
areas of interest should not result in a degradation of data quality and 
the lower sampling rate associated with webcam-based eye tracking 
should be sufficient for collecting data from large areas of interest as 
described in the current study (Prystauka et al., 2023; Yang & Krajbich, 
2021). Further, our music track was uninterrupted and began playing 
before the first facial stimuli was presented in the music condition. For 
other experimental aims (e.g. examining the effect of specific segments 
of the music on attention), the timing of the music(/audio) sample should 
be considered as there may be a lag between the audio and visual 
stimuli presentation (Prystauka et al., 2023).
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Limitations

While the current study is a first step towards exploring music, attentional 
biases, and rumination in combination for older persons with and without 
cognitive impairment, individuals without access to a device with webcam- 
based eye-tracking capability were unable to take part in our study. Time (i.e. 
long set-up times and calibration issues associated with webcam-based eye 
tracking) was a barrier for some care-givers in our study (i.e. as a participant 
and assistance provider). Encouragingly, researchers are developing techni-
ques intended to remove the need for a calibration process from webcam- 
based eye-tracking data collection (Hutt & D’Mello, 2022). As such, future 
webcam-based eye-tracking study times could potentially be reduced as the 
time taken for calibration would be removed.

Clinical and research implications, and recommendations

The attentional biases measured via webcam-based eye tracking in the 
current study related to (1) emotional facial expressions, and (2) the eye 
and mouth region areas of these images. These attentional biases are of 
theoretical and clinical relevance in anxiety and depression (De Raedt & 
Koster, 2010; Fiquer et al., 2013; MacLeod & Clarke, 2015; Matsumoto et al., 
2023; Schneier et al., 2011; Spence & Rapee, 2016), and there is evidence that 
they can be modified during music exposure (Arriaga et al., 2014; Clare et al., 
2020; Lazarov et al., 2017; Shamai-Leshem et al., 2021), with clinically-relevant 
reductions in mood symptoms being reported (Lazarov et al., 2017; Shamai- 
Leshem et al., 2021). However, older persons’ response to music may be 
different to younger adults (i.e. more positively focussed) (Isaacowitz et al., 
2006; Vieillard & Gilet, 2013). Our finding that webcam-based eye tracking can 
be used to collect data from persons with and without dementia exploring 
the effect of music on these biases may provide an opportunity to expand the 
limited literature to older and hard to reach populations in community-based 
settings. Moreover, our findings may prompt researchers to explore the 
process by which music is associated with older persons’ symptom reductions 
as the existing literature is insufficient (Jang & Kunde, 2021). Process explana-
tions should include (1), (2) and rumination given their roles in anxiety and 
depression. Our preliminary data (a) provide a starting point for individuals 
conducting music-based research such as this, (b) are a positive indicator that 
webcam-based eye tracking may be a potential tool to provide objective 
outcome measures for music-based studies, and (c) are supportive of the 
notion that rumination should be considered within older-person music 
intervention/studies.

Our practical recommendations are that (where possible) participants should 
have a second embedded-camera device to hand for observation to take place, 
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particularly Apple Mac users. As the webcam-based eye-tracking program could 
try to face-mesh a background object, having participants think about their 
backgrounds in advance (e.g. if possible, having a plain wall behind them) 
could facilitate the face-meshing process. Having good lighting is essential for 
webcam-based eye tracking and participants can be advised not to have too 
much or too little light, and a light source behind them (Bánki et al., 2022; Van der 
Cruyssen et al., 2023). From our observations, explicit information about the 
appearance of their face in their video stream may be warranted. For example, 
the light source should not be behind the participant if this causes face shadow-
ing (as when taking a photograph), at an intensity in front of the face which 
causes squinting, and not directly above or to the side if this causes shadowing 
around the eyes (by the eye-brows/forehead) or on one side of the face, respec-
tively. Additionally, to avoid eye tracking at times when large changes in light 
levels occur (e.g. around sunset) or have an additional light source to hand.

Although we kept to schedule in most instances, participants should be 
advised to leave a gap between the suggested study end and subsequent 
engagements in case of unexpected issues.

Forward thinking

The impact of the music on participant mood requires consideration in future 
music-based attentional bias webcam-based eye-tracking studies. For exam-
ple, an attentional bias away from threat (e.g. angry faces) and eye contact 
avoidance reduces immediate distress and regulates fear (Mogg & Bradley, 
2018; Schulze et al., 2013). It is possible that music may reduce the negative 
emotion (e.g. anxiety/stress (Thoma et al., 2013)) associated with looking 
towards threat stimuli and the eyes, modulating mood and dwell-time. 
Encouragingly, researchers are developing tools to assess musically-induced 
emotional responses (e.g. heart rate/variability and respiration rate) from 
facial video recordings, allowing for remote data collection without addi-
tional/specialised recording equipment (e.g. sensors) (Juslin & Laukka, 2004; 
Yue et al., 2023) and reduced participant burden (i.e. a momentary mood 
scale/measure of musically-induced emotions would be unnecessary). 
Developers/researchers should ensure that older-persons’ faces are included 
in training sets and that these tools are able to process the low-quality videos 
obtained from device-embedded webcams.

The impact of dual processing (i.e. the visual stimuli and the musical 
stimuli) should also be considered. Knight et al. (2007) found that older 
persons can display a reversal of emotional biases when their attention 
was divided (i.e. a dot-probe task with a tone sequence discrimination 
task). However, rumination was not assessed (and persons with [possi-
ble] cognitive impairment were excluded) so cannot be ruled out as 
a contributing factor. Including an eye-tracking metric (e.g. pupil size 
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[dilation]), which has been associated with the cognitive processing 
effort/load of older persons with and without cognitive impairment (El 
Haj et al., 2022; Ranchet et al., 2017; van der Wel & van Steenbergen, 
2018), is one method for remote assessment. Unfortunately, current 
webcam-based eye-tracking technology may not be able to accurately 
assess pupil dilation changes due to a reliance on visible light (Kaduk 
et al., 2023). However, this metric could be collected within a remote 
webcam-based eye-tracking versus mobile infrared-tracker comparison 
study.

Futures studies should examine the impact of music exposure/musi-
cally-induced viewing shifts on other factors as eye contact is important 
for non-verbal communication, may implicitly elicit positive affective 
reactions, can increase ratings of the likeability of static images, and 
can improve memory for concomitant information (i.e. written names 
presented with faces) for participants with Alzheimer’s disease 
(Hietanen, 2018; Kleinke, 1968; Lopis & Conty, 2019). Further, insuffi-
cient viewing of facial regions (e.g. the eyes) could contribute to the 
emotional recognition difficulties seen in older persons with and with-
out Alzheimer’s disease, and impact self-reported quality of life (Noiret 
et al., 2015; Phillips et al., 2010). Increased attending to the eyes (e.g. 
revealing the eye region first) can improve emotional recognition for 
participants with Alzheimer’s disease (Hot et al., 2013) but not cogni-
tively healthy participants (Low et al., 2022).

The preliminary eye-tracking data from the current study were used 
to create working hypotheses as a starting point for a future larger 
study.

H1: A relationship between dwell time and rumination scores will be seen 
when background music is played

H2: A difference between silent and background music dwell-times will be 
seen for participants displaying (silent-condition/baseline) negative atten-
tional biases

H3: A difference between silent and background music dwell-times on 
discriminating features will be seen

Caution should be applied as these hypotheses are based on small 
samples and data which approached significance (H1) or had wide 
confidence intervals (H2 and H3) (see supplementary material for further 
details).
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Conclusion

Remotely-delivered music-based research with webcam-based eye tracking 
involving older persons with and without cognitive impairment is feasible 
and provides access to eye-tracking studies for some individuals. Future 
studies should factor in the large level of participant loss.
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