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Introduction

Among the Virtual reality (VR) applications for elders, virtual biking has to 
potential to significantly contribute to healthy aging (Anderson-Hanley et al., 
2011; Pedroli et al., 2018; Arlati et al., 2019; Høeg et al., 2021; Rutkowski  
et al., 2021; Ortet et al., 2022). Virtual biking is an exertion game (exergame) that 
combines physical activity with digital multisensory experience, where users pedal 
on a cycle ergometer while wearing a Head-Mounted Display (HMD) showing a 
360-degree environment of a bike ride. 

Not being oriented to agonistic activity, elders may appreciate other aspects of 
virtual biking, such as for example the pleasure to look around for curiosity. 
However, many elders may not be able, or willing, to easily or frequently or 
widely turn their head around because of possible neck or torso motor difficulties 
(Ramiro et al., 2015), or simply because the normal habit during biking is to 
look straight ahead. Therefore, a system that enables users to immersively explore 
large portions of the visual field with small head turns (augmented gaze, i.e., 
amplified visual rotation contingent to head rotation) should facilitate active 
visual exploration (Ragan et al., 2017).

However, the potential benefit of an improved “visual usability” conferred by 
augmented gaze should be evaluated against possible negative side-effects, as the 
visuo-motor mismatch deriving from the amplification of the visual reafference 
of head rotation may not be well accepted (Fernandez-Ruiz et al., 2000; Seidler, 
2006; Seidler et al., 2010; Golding, 2016; Howard & Van Zandt, 2021). Thus, 
the purpose of this preliminary study is to investigate whether augmented gaze 
can be utilized to increase the visual field of regard of older adults without dis-
comfort (Jang et al., 2016).

Methods

Participants. Ten participants (3 males, mean age 88.2 ± 4.9 years) took part to 
the study. They were recruited through convenience sampling inside an assisted 
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living facility (“RSA San Giuseppe”, Milan, Italy), where the study was conduc-
ted. The study was approved by the Milan University ethical committee.

Procedure. Participants were seating on a chair or a (stabilized) wheel-chair and had to 
pedal on a cycle ergometer while wearing an HMD (HTC Vive) displaying a pre-recor-
ded biking clip under immersive conditions. The videoclip speed was not synchronized 
with the cycling cadence. Two biking video clips were used, both showing a bike ride 
through Copenhagen. Footage (3D, 4K@30fps) was taken with a 360-degree camera 
(Insta 360 Pro 2) mounted on the frontal seat of a trishaw bike. Participants were admi-
nistered three sessions of virtual biking on three consecutive days (max 9 minutes each). 
Each session had a different visuo-motor gain (henceforth gain): 1.0, 2.0 or 3.0. The 
former represents the natural gain (visual rotation mapped 1:1 to head rotation), whereas 
the other two gains implement augmented gaze, obtained by linearly amplifying head 
rotation to yield 2-fold and 3-fold visual rotation, respectively. In this study, only the 
horizontal rotational component was amplified with augmented gaze (yaw, world coor-
dinates). At the end of each session, participants rated overall satisfaction, motivation, 
sense of presence, and perceived safety. All responses were given on a 5-point numerical 
rating scale, and the questions were formulated as follows: 1) “How much did you like 
this experience?”; 2) “How much would you repeat this experience?”; 3) “How much 
did you feel like being really biking outdoors?”; 4) “How much did you feel safe during 
virtual biking?”, where 1 represented no sensation at all and 5 represented full sensati-
on, the other ratings indicating intermediate levels. For each participant and each gain 
condition, the four individual ratings were averaged into a global user experience index.

Data analysis. The user experience index was analysed through a mixed-models 
approach, with gain, age and gender as fixed factors, and participants as random 
factor (intercept and slope). The index distributions at each gain value did not 
depart significantly from normality, as assessed with the Shapiro-Wilk test.

Results

Participants appeared to be quite happy to perform the task, as inferred from 
informal conversations. This positive impression was confirmed by the satisfac-
tion, motivation, presence, and safety ratings, which were on average very high 
(3.87±1.008 SD, 3.87±1.252 SD, 3.87±1.479 SD and 4.03±1.217 SD, respec-
tively). Crucially, gain did not significantly affect the global user experience in-
dex, and neither did participants’ age and gender (Tables 1 and 2).

Table 1.  Global user experience index as a function of gain. Means and standard deviations 
across subjects are reported.

Gain = 1.0 Gain = 2.0 Gain = 3.0

M 3.767 3.833 4.000

S.D. 1.112 1.009 1.066
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Table 2.  Results of the mixed-models analysis on the global user experience index. Upper bound 
and Lower bound are the 95% confidence limits.

Slope Lower bound Upper bound T-stat Degrees of 
freedom

P-value

AGE 0.023 -0.097 0.144 0.400 26 0.693

GENDER -0.368 -1.624 0.889 -0.601 26 0.553

GAIN 0.117 -0.190 0.423 0.782 26 0.441

Discussion 

Despite the small sample size of this preliminary study, which obviously limits 
the strength of evidence, user experience ratings (satisfaction, motivation, sense 
of presence and perceived safety) were on average very high, thus pointing to high 
acceptance of this virtual biking experience by elders. The lack of effect of age and 
gender on the user experience index go in the same direction: they do not seem 
to weaken acceptance of virtual biking. Unfortunately, we could not find other 
result in literature on these effects (also pertaining to gain) with elderly subjects 
and future research will need to expand upon the matter. The lack of age effect is 
worth noting because, despite the increasing number of studies where VR is used 
with older adults, the age of the tested participants is not always very high, and 
only few studies tested VR applications inside assisted living facilities. Conside-
ring our participants’ sample, this study represents a high-end reference. 

Another consideration is that no clear signs of user experience worsening emer-
ged with augmented gaze (gain > 1). Even though a larger sample may ultimately 
turn out to detect a statistically significant effect, it appears that it would be 
a weak effect. This is important because it is not known how elders react to a 
strong visuo-motor mismatch such as augmented gain (Fernandez-Ruiz et al., 
2000; Seidler, 2006; Seidler et al., 2010; Golding, 2016; Howard & Van Zandt, 
2021). Our data argue for a lack of impact, or a minor impact, of augmented gaze 
on elders’ subjective acceptance. Whether this relatively good acceptance of aug-
mented gaze, as opposed to its potential rejection, depends on elders’ tendency to 
optic flow sensory seeking (de’Sperati et al., 2022), a decreased general sensitivity 
in the older population (Engel-Yeger & Rosenblum, 2021), or a genuine appre-
ciation of the advantages of augmented gaze in terms of increased “visual usability”, 
should be the focus of future studies.

Abstract
Research on elders’ acceptance of virtual technologies is much needed. Here we studied 
the user experience of elders (N = 10, mean age = 88.2 years) during virtual biking, an 
exergame where participants pedal on a cycle ergometer and wear a Head-Mounted Dis-
play that provides them an immersive experience of a bike ride. We tested the effects of 
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augmented gaze on user experience. Augmented gaze is a condition in which horizontal 
head turns yield amplified visual shifts, which is assumed to facilitate visual exploration. 
User experience was measured by asking participants to rate satisfaction, motivation, 
sense of presence and sense of safety. We found a very good acceptance of virtual biking 
and no signs of negative effects of augmented gaze. These preliminary observations sug-
gest that augmented gaze may be a viable optimization of elders’ experience with certain 
virtual reality applications.
Keywords: Healthy aging, Virtual biking, Augmented gaze, Technology acceptance.
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