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A B S T R A C T

Introduction: Falls during walking contribute significantly to injuries in older adults, with gait instability being a 
key risk factor. While visual search behaviors are essential for safe navigation, their relationship to instability 
remains unclear. This study compared visual search behaviors during walking between community-dwelling 
older adults with and without a fall history and examined their association with gait instability. Methods: 
Seventy-four older adults (mean age: 70.7 ± 3.9 years; 37 fallers, 37 non-fallers) walked at a self-selected pace 
along an 8-m level-ground walkway for five trials. Gait stability was assessed by variability of spatial and 
temporal gait parameters, where greater variability reflects reduced stability. Visual search behaviors were 
assessed by the percentage of total fixations and the percentage of total fixation duration directed towards the 
ground (floor area of the walkway), the destination (end-point of the walkway), and random areas (non-task- 
relevant areas). Results: No significant differences in visual search behaviors were observed between groups. In 
fallers, greater variability of stride time was associated with greater percentages of the number of fixations on the 
ground (ρ = 0.348, p = 0.043), while greater variability of step width was associated with fewer percentages of 
the number of fixations (ρ = -0.464, p = 0.006) and fixation duration on the destination (ρ = -0.452, p = 0.007). 
These associations were not apparent in non-fallers. Conclusions: Despite similar visual search behaviors between 
older fallers and non-fallers, fallers exhibited unique associations between reduced visual scanning towards the 
destination and lateral instability (i.e., increased variability of step width) during walking—an effective predictor 
of falls. This suggests maladaptive visuomotor behaviors and compromised gait stability may be interrelated, 
collectively increasing fall injury risk in older fallers. Practical Applications: The observed associations suggest 
that visuomotor training could be explored in fall prevention programs to improve gait safety in older fallers. 
Future studies should investigate causality and evaluate efficacy in hazard-rich environments.

1. Introduction

Falls are most prevalent among older adults while walking, typically 
resulting from tripping, slipping, or missteps (Robinovitch et al., 2013). 
Maintaining a safe and steady gait is essential for older adults to remain 
independent and reduce fall-related injuries in the community 
(Hamacher et al., 2011). Vision plays a central role in supporting and 
coordinating effective locomotion (Patla, 1998). In particular, Patla 
(1997) proposed that visual input is crucial for proactive gait adjust
ments to maintain stability in dynamic environments, implement 
avoidance strategies, and plan routes to destinations that may not be 

immediately visible. As a result, visual-spatial information enables the 
anticipatory adjustment of gait patterns, ensuring safe navigation 
through both natural and hazardous environments (Matthis et al., 2018; 
Matthis & Fajen, 2014).

Previous research has discussed various visual strategies employed 
by older walkers navigating complex walking environments. For 
instance, older adults at low risk of falling tend to use exploratory and 
proactive visual strategies. They frequently fixate on, and shift their gaze 
between, upcoming environmental challenges (Young et al., 2012). In 
contrast, older adults at high risk of falling tend to consciously monitor 
their movements and focus their gaze on the immediate walking 
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path—possibly attempting to minimize the immediate risk of trip
ping—while displaying limited visual planning/previewing of upcoming 
hazards or stepping targets (Young et al., 2012). Critically, this limited 
visual search strategy has been associated with compromised stepping 
accuracy, which could escalate injury risk in unpredictable settings 
(Ellmers, Cocks, & Young, 2020). These results indicate that restricted 
visual planning/previewing among older adults at high risk of falling 
may hinder their ability to anticipate and respond to potential envi
ronmental hazards while navigating complex walking environments.

A common factor that might result in excessive attention towards the 
ground or a heightened tendency of conscious movement control in 
older adults is a history of falls (Masters & Maxwell, 2008). Previous 
research has shown that older individuals with a history of falls are more 
likely to consciously monitor and control their body movements than 
those without any fall history (Wong et al., 2008). From a psychomotor 
perspective, this group may exhibit greater internal awareness around 
their feet or lower limb movements due to anxiety from previous falls, 
which encourages them to over-reflect on the mechanics of their 
movements instead of detecting potential environmental hazards 
(Masters & Maxwell, 2008). Although previous work has shown that 
older fallers prioritize planning future stepping actions over executing 
ongoing steps when negotiating multiple obstacles (Chapman & 
Hollands, 2007), it remains unclear whether their heightened tendency 
for conscious movement control potentially manifests as increased vi
sual attention towards the ground areas during simple walking when 
compared to those with a history of falls (non-fallers). While one might 
argue that the association may resemble the comparison between those 
at high and low risk of falling, the mechanisms underpinning such as
sociations may be different due to previous experiences of falls. There
fore, this study first aims to examine these differences and enhance our 
understanding of how visuomotor control, as reflected in visual search 
behaviors during simple walking, may be associated with fall history 
among older adults. Understanding the association between visual 
search behaviors and fall history can help inform the development of 
more tailored gait rehabilitation strategies for fall prevention in older 
adults, such as incorporating visuomotor training to address suboptimal 
visual search behaviors identified in those with a history of falls.

Prioritizing visual information associated with conscious movement 
control over environmental awareness may also reduce safety by dis
rupting automated motor processes responsible for regulating highly 
coordinated actions, such as walking (Masters & Maxwell, 2008; Wulf, 
2013). Earlier work has provided evidence of gait instability when older 
adults were instructed to consciously monitor and control their body 
movements while walking (Mak et al., 2020). Yet, there is limited 
research on how these constrained visuomotor behaviors correlate with 
gait instability in older adults, particularly within a cohort at high risk of 
falling (Deandrea et al., 2013). Such information could enhance our 
understanding of the extent to which specific visual search behaviors are 
linked to better (or poorer) gait stability. By addressing this significant 
research gap, researchers could develop more effective fall injury pre
vention strategies in geriatric rehabilitation to improve gait stability and 
reduce fall incidence, ultimately strengthening community safety for the 
older population.

Before investigating complex adaptations, it is essential to first un
derstand how older individuals utilize vision for fundamental stability 
control and path anticipation in a low-demand context. Current research 
indicates that visual information acquired even under normal conditions 
(i.e., before any perturbation or obstacle negotiation) is essential for 
assessing an individual’s capacity to react to unexpected environmental 
changes, thereby preventing injuries from falls (Zettel et al., 2007). 
Thus, this study’s first objective was to examine the differences in visual 
search behaviors between older fallers and non-fallers in normal 
walking conditions. We hypothesized that older fallers would focus 
more on the ground area compared to older non-fallers. The second 
objective was to examine the association between visual search behav
iors and gait stability in both groups. We hypothesized that a more 

constrained pattern of visual search—characterized by increased focus 
on the ground area and/or reduced focus on the destination—would be 
associated with reduced gait stability.

2. Materials and methods

2.1. Participants

Seventy-four community-dwelling older adults (mean age = 70.7 ±
3.9) were recruited through convenience sampling from local commu
nity centers. Based on an effect size of 0.86 from a previous study (Young 
et al., 2012), a sample size of 60 participants was deemed sufficient to 
achieve 90% power. The sample size was conservatively increased by 
approximately 20%, resulting in a total of 74 participants. All partici
pants were aged 65 years or older and were able to walk indoors inde
pendently (without the use of walking aids). Those with untreated major 
neurological, vestibular or musculoskeletal disorders (e.g., Parkinson’s 
disease or stroke), significant visual impairment (i.e., static visual acuity 
worse than 20/40 vision) or who scored 23/30 or less on the Chinese 
version of the Mini-Mental State Examination (MMSE-C) (Chiu et al., 
1994) were excluded. Participants who had experienced a fall resulting 
in unintentional landing on the ground within the past three years were 
categorized as fallers (n = 37), while those without any previous fall 
incidents were categorized as non-fallers (n = 37). The study was 
approved by the host university’s institutional review board. Written 
informed consent was obtained before any experimental procedures.

2.2. Procedures

The participants’ demographic information was first collected, and 
their clinical baseline characteristics of functional mobility and falls 
efficacy were evaluated using established and reliable assessment tools. 
Functional mobility was assessed using the Timed Up & Go (TUG) test 
(Shumway-Cook et al., 2000). Participants were instructed to stand up 
from a chair and walk three meters before turning around and walking 
back to the chair to sit down. Falls efficacy was evaluated using the 
Chinese version of the Falls-Efficacy Scale International (FES-I (Ch)) 
(Kwan et al., 2013)—a 16-item scale that assesses participants’ level of 
concern about falling while performing various daily tasks. Following 
the clinical assessments (i.e., TUG and FES-I(Ch)), participants first 
completed one practice walking trial on an 8-metre straight, level- 
ground walkway. Subsequently, all participants were invited to partic
ipate in five consecutive experimental walking trials. They were 
required to walk at their comfortable, natural pace to the end of the 
walkway.

2.3. Outcome measures

2.3.1. Gait stability
The current study utilized a three-dimensional motion capture sys

tem (Vicon; Oxford Metrics Ltd., Oxford, UK) to measure gait kine
matics. Sixteen ball-shaped reflective markers were placed at specific 
bony landmarks of the participants according to the Plug-in Gait lower 
body model used in the Vicon system and tracked by multiple infrared 
cameras at a sampling rate of 100 Hz (Mak et al., 2020). The marker 
position data were filtered using a low-pass, third-order Butterworth 
filter operating at 20 Hz. Heel contact and toe-off were identified based 
on the local vertical minimum of the heel and toe markers, respectively. 
A stride was defined as heel-to-heel contact between the same feet. 
Spatial and temporal gait parameters (i.e., stride length, step width, and 
stride time) were computed using MATLAB (R2015b; MathWorks Inc., 
USA). The mean and standard deviation (SD) of the parameters were 
averaged across the five trials. The SD of the related gait parameters 
were used to represent variability measures reflecting gait stability 
(Hamacher et al., 2011; Lövdén et al., 2008).
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2.3.2. Visual search behaviors
All participants were equipped with a wireless eye tracker (Dikablis 

Eye Tracking Glasses; Ergoneers GmbH, Egling, Germany) with a 
tracking frequency of 60 Hz to record visual search behaviors. Visual 
fixation was defined as a gaze focused on a single location for at least 
100 ms (Patla & Vickers, 1997). These fixations were then categorized 
into three areas of interest (AOIs): “ground area” (the floor of the 
walking area), “destination” (any area on the wall at the end of the 
walkway) and “random” (areas not included in the previous AOIs, such 
as equipment and cameras). Subsequently, these AOIs were used to 
determine the number of fixations and the duration of each fixation. The 
number of fixations and fixation duration for each AOI were averaged 
across the five trials. The number of fixations for each AOI was expressed 
as a percentage of the total number of fixations in a single trial, while 
fixation duration for each AOI was expressed as a percentage of the total 
duration of that trial.

2.4. Statistical analysis

The statistical analysis was performed using SPSS Statistics version 
28.0 (IBM Corp, Armonk, NY, USA). The significance level was set at p <
0.05. Prior to primary analyses, we assessed the reliability of visual 
search parameters across trials using intraclass correlation coefficients 
(ICC). All measures demonstrated good to excellent reliability (ICC =
0.86) (Cicchetti, 1994; Koo & Li, 2016), supporting the use of trial- 
averaged values for subsequent analyses. For our first objective, the 
baseline characteristics (e.g., age, gender, cognitive functioning, func
tional mobility, and falls efficacy) and visual search behaviors were 
compared between fallers and non-fallers using separate independent t- 
tests (for continuous variables) and chi-square tests (for categorical 
variables). Analyses of Covariance (ANCOVAs) were also performed to 
compare visual search behaviors between groups while controlling for 
age, functional mobility, and falls efficacy. Mann–Whitney U-tests were 
used when data were non-normally distributed. Subsequently, for our 
second objective, the association between visual search behaviors and 
gait stability was examined in both fallers and non-fallers separately 
using partial correlation analysis, controlling for age, functional 
mobility and falls efficacy. Spearman’s correlations were conducted 
when data were non-normally distributed. To examine whether the 
strength of these associations differed between groups, Fisher’s r-to-z 
transformation was applied to the partial correlation coefficients, fol
lowed by a Z-test for independent correlations.

3. Results

3.1. Between-group comparisons

The individual baseline characteristics of fallers and non-fallers are 
presented in Table 1. The mean age was 70.7 ± 3.9 years. There were 
significant differences in gender and functional mobility between fallers 

and non-fallers (p = 0.01 and 0.02, respectively). There were no sig
nificant differences in age, cognitive functioning, and falls efficacy be
tween fallers and non-fallers (all p > 0.05).

The comparisons of visual search behaviors between fallers and non- 
fallers are presented in Table 2. There were no significant differences in 
all visual search variables between fallers and non-fallers, both before 
and after controlling for age, functional mobility, and falls efficacy (all p 
> 0.05).

3.2. Correlation analyses

This section only includes the significant correlations. A list of r- 
values for all analyzed correlations were presented in Supplementary 
Tables 1 and 2. All correlations have been adjusted for age, functional 
mobility, and falls efficacy.

Regarding fallers, greater variability of stride time was associated 
with greater percentages of the number of fixations on the ground area 
(ρ = 0.348, p = 0.043). Greater variability of step width was associated 
with fewer percentage of the number of fixations on the destination (ρ =
-0.464, p = 0.006) and fewer percentage of fixation duration on the 
destination (ρ = -0.452, p = 0.007).

Regarding non-fallers, no significant associations were observed 
between any variability of gait parameters and visual search behaviors 
(all p > 0.05).

To assess whether these associations differed significantly between 
fallers and non-fallers, Fisher’s r-to-z transformation was applied. For 
the association between variability of stride time and percentages of the 
number of fixations on the ground area, the correlation strength in 
fallers was significantly greater than in non-fallers (ρ = -0.121; Z = 2.00, 
p = 0.046). The associations between variability of step width and 
percentage of the number of fixations on the destination and percentage 
of fixation duration on the destination were marginally and significantly 
stronger in fallers compared to non-fallers, respectively (ρ = -0.033; Z =
− 1.94, p = 0.052; ρ = 0.072; Z = − 2.31, p = 0.021) (Fig. 1).

4. Discussion

This study first examined whether differences existed in visual search 
behaviors of older fallers and non-fallers during natural level-ground 
walking. Our findings revealed no significant differences in visual 
search behaviors between the two groups. While this observation does 
not align with our initial hypothesis, it is not entirely unexpected, as 
previous research has suggested that preferential visual attention to 
nearby walking areas (at the expense of previewing environmental 
constraints) is more commonly exhibited in older adults who are anx
ious—potentially induced by fear of falling or environmental challenges 
(Ellmers, Cocks, Kal, et al., 2020). These behaviors likely serve as a 
compensatory mechanism to minimize the immediate injury risk of 
missteps by prioritizing a visual strategy that allows conscious 

Table 1 
Descriptive statistics of participants.

Fallers (N = 37) Non-fallers (N = 37) p-value

Mean (SD) Mean (SD)

Age 70.32 (3.66) 71.03 (4.11) 0.52
Gender, female, n (%) 30 (81.08) 19 (51.35%) 0.01*
Fall within 1 year, n (%) 19 (51.35%) − −

Injurious falls, n (%) 23 (62.16%) − −

MMSE-C 29.32 (0.82) 29.16 (0.83) 0.36
Timed up and go test 10.67 (2.29) 11.95 (2.39) 0.02*
FES-I(Ch) 37.62 (12.58) 42.41 (12.03) 0.07

Note. Abbreviations: SD, standard deviation; MMSE-C, Cantonese version of the 
Mini-Mental State Examination (maximum total score 30); FES-I(Ch), Chinese 
version Fall Efficacy Scale International (maximum total score 64). * denotes 
significant difference.

Table 2 
Comparisons of visual search behaviors between older fallers and non-fallers.

Non-fallers (N = 37) Fallers (N 
= 37)

P 
value

Mean SD Mean SD

Number of fixation − Ground area 
(%)

18.82 17.80 20.46 20.95 0.92

Number of fixation − Destination 
(%)

68.75 18.87 64.57 20.54 0.44

Number of fixation − Random (%) 12.43 12.67 14.43 14.72 0.83
Fixation duration − Ground area 

(%)
12.22 14.60 14.43 21.25 0.94

Fixation duration − Destination 
(%)

80.55 16.62 77.10 22.09 0.75

Fixation duration − Random (%) 6.63 10.11 7.80 10.49 0.93

Note. Abbreviations: SD, standard deviation.
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monitoring and control of every individual step (Ellmers & Young, 
2019). Given that both groups of older individuals in our cohort have 
similar level of falls efficacy (but different functional mobility), our 
observation suggests that shared psychological factors—such as anxiety 
linked to fear of falling—may drive similar visual search behaviors in 
older adults, overriding differences in physical functioning or fall 
experience.

Our second objective was to examine the extent to which visual 
search behaviors correlated with gait stability in both groups of older 
adults. Our findings revealed significant associations between altered 
visual search behaviors and gait instability in older fallers but not in 
non-fallers. Specifically, in fallers, more fixations on the ground area has 
been associated with greater variability of stride time. Conversely, fewer 
fixations and less time spent previewing the destination or future 
pathway has been associated with an increase in variability of step width 
– both indicative of worsened gait stability. Existing evidence has 
identified a link between higher step width variability and the risk of 
falls in older adults; studies have collectively shown that step width 
variability can predict falls (Brach et al., 2005, 2007; Hausdorff et al., 
2001; Maki, 1997) and distinguish between older adults who fell and 
those who did not after slipping (Yang & Pai, 2014). Higher step width 
variability is likely contributed by imprecise active adjustments of 
lateral foot placement in older adults (Dean et al., 2007), which could, in 
turn, increase fall-related injury risk by compromising lateral stability 
during walking (Roos & Dingwell, 2010).

The current finding demonstrates evidence of how suboptimal visual 
search strategies are linked with gait instability, which could implicate 
elevated injury risk in older fallers, in addition to the known risk factor 
of fall history. While this observation was uniquely found in older 
fallers, the association appeared to be unrelated to their overall func
tional mobility and psychological state. We postulate that there may be 
additional underlying mechanisms that, whether in conjunction with or 
separate from visual attention, determine how older fallers control their 
gait stability. For example, previous research qualitatively studied the 
impact of falls in older adults and found that older fallers were more 
likely to reflect on the causes of their falls, often attributing them to their 
advanced age and inherent factors like physical conditions (Faes et al., 
2010). This ruminations—exclusive to older fallers—could heighten 
their awareness of their own limitations, irrespective of their actual 
physical ability or any fear factor related to falling. We propose that 
reflecting on previous falls could result in the formation of new 

movement cues (e.g., ‘raise my feet higher, take smaller steps’) intended 
to prevent the perceived physical causes of earlier falls. However, fallers 
with a higher propensity to adopt these new movement-relevant cues 
were more likely to induce conscious awareness of their movement 
mechanics (Masters & Maxwell, 2008) in conjunction with a more 
constrained visual search behavior of gazing towards areas closer to 
their feet. This hypervigilance, characterized by over-reliance on 
conscious movement processing, could disrupt automatic processes of 
rhythmic gait control (Masters & Maxwell, 2008), thus contributing to 
the inconsistency of walking patterns and compromising gait safety 
(Barak et al., 2006; Dubost et al., 2006) – even in a normal walking 
environment.

Gait stability appears to be independent of visual search behaviors in 
older adults without a history of falls during natural walking. Previous 
research has reported that visual search behaviors linked with greater 
attention towards internal movements did not directly compromise gait 
safety in highly functional older adults (Ellmers, Cocks, Kal, et al., 
2020). The lack of association between altered visual search behaviors 
and gait stability in our cohort of non-fallers—who exhibited relatively 
high functional capacity—may reflect compensatory behavioral adap
tations (e.g., cautious gait strategies) or a reliance on non-visual cues. 
These adaptations may enable them to maintain their walking perfor
mance in terms of gait variability, regardless of their visual search be
haviors. This interpretation is consistent with work by Pothier et al. 
(2015), who demonstrated that healthy older adults with high func
tional ability preserved walking performance comparable to young 
adults under dual-task conditions involving simple walking and a low- 
demand visual tracking task. These findings suggest that walking per
formance might not necessarily decline when highly functional older 
adults engage in visual activities (regardless of task relevance) with 
relatively low cognitive demands. However, one might expect walking 
performance of the primary task to deteriorate when the primary task (i. 
e., walking) becomes more challenging or when cognitive load increases 
(Pothier et al., 2015).

Although the current findings describe the association between vi
sual search behaviors and gait stability, such analyses cannot provide 
evidence of a causal relationship. Future research should, therefore, look 
to experimentally manipulate visual patterns in older adults with and 
without a history of falls. Another limitation is that we did not investi
gate how older adults adapt in more complex walking conditions (e.g., 
navigating through obstacles). However, we do not consider this to be a 

Fig. 1. Scatter plot showing the percentage of fixation duration on destination against the variability of step width in fallers (dark color) and non-fallers (light color).
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major weakness as we provide evidence of a significant association even 
under a simple, natural walking task; one would logically expect the 
effect to be more substantial under more challenging conditions. 
Moreover, our use of a 3-year fall history window is consistent with 
previous studies employing extended recall periods (Choi et al., 2023), 
but it may capture different risk profiles than standard 12-month 
frameworks. Further research could evaluate how varying recall pe
riods affect visuomotor risk profiles in older adults. Additionally, our 
broad AOI classification of “ground area” did not distinguish between 
fixations directed to near versus far areas on the floor, nor did it include 
head movement data, which may have limited our ability to detect 
specific patterns of visual search; future studies should employ more 
detailed spatial gaze analysis and/or incorporate head movement 
measures.

5. Practical applications

While our cross-sectional design precludes causal inferences, the 
observed fall-specific association between altered visual search behav
iors and lateral stability suggests exploratory value in targeting visuo
motor strategies to enhance safety in older fallers. A recent systematic 
review has suggested that rehabilitative training aimed at reducing the 
variability of step width while walking could effectively lower the risk of 
falling in older adults (Skiadopoulos et al., 2020). In line with this, our 
findings show that in fallers, increased fixation and time spent pre
viewing the future pathway are associated with reduced variability of 
step width—a known predictor of fall risk (Brach et al., 2005, 2007; 
Hausdorff et al., 2001; Maki, 1997). These results justify exploring 
whether rehabilitative strategies targeting visual exploration (e.g., 
guided hazard scanning, pathway previewing) could enhance gait 
safety. Proactive visual exploration (e.g., scanning for tripping hazards, 
uneven surfaces) may theoretically enhance gait adaptability during 
complex locomotor tasks requiring quick, precise, and reactive stepping 
actions (Ellmers, Cocks, & Young, 2020), while neglect of such strategies 
could heighten injury risk in dynamic environments (e.g., crowded 
spaces or sudden obstacles in the community). Recent evidence has 
shown that training older individuals to direct their gaze more towards 
their destination, rather than the ground, can improve gait stability 
during adaptive walking (Mak et al., 2025). Given that current fall 
prevention guidelines advocate gait training for injury reduction 
(Moncada, 2011), our results identify a mechanistically plausible target 
for enhancing these protocols. Thus, future intervention studies should 
test whether integrating visuomotor components (e.g., obstacle negoti
ation drills) into fall prevention programs could improve the ability to 
anticipate environmental hazards and improve practical safety 
outcomes.

6. Conclusions

Our findings reveal that lateral instability during walking in older 
adults with a history of falls is associated with visual strategies of limited 
destination previewing. Critically, this relationship was not found in 
those without a history of falls, and it was independent of typical factors 
commonly associated with gait performance. Specifically, fewer fixa
tions and time spent previewing the destination correlated with 
increased variability of step width –an effective predictor of falls. While 
causality remains unestablished, these results highlight visuomotor 
components as a potential intervention target for enhancing safety in 
high-risk populations. Future studies should investigate whether inte
grating visuomotor training (e.g., guided hazard scanning, pathway 
previewing) into fall injury prevention programs improves practical 
safety outcomes in older adults.
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Hamacher, D., Singh, N. B., Van Dieën, J. H., Heller, M. O., & Taylor, W. R. (2011). 
Kinematic measures for assessing gait stability in elderly individuals: A systematic 
review. Journal of the Royal Society, Interface, 8(65), 1682–1698. https://doi.org/ 
10.1098/rsif.2011.0416

Hausdorff, J. M., Rios, D. A., & Edelberg, H. K. (2001). Gait variability and fall risk in 
community-living older adults: A 1-year prospective study. Archives of Physical 
Medicine and Rehabilitation, 82(8), 1050–1056. https://doi.org/10.1053/ 
apmr.2001.24893

Koo, T. K., & Li, M. Y. (2016). A Guideline of selecting and reporting intraclass 
correlation coefficients for reliability research. Journal of Chiropractic Medicine, 15 
(2), 155–163. https://doi.org/10.1016/j.jcm.2016.02.012

Kwan, M. M. S., Tsang, W. W. N., Close, J. C. T., & Lord, S. R. (2013). Development and 
validation of a Chinese version of the Falls Efficacy Scale International. Archives of 
Gerontology and Geriatrics, 56(1), 169–174. https://doi.org/10.1016/j. 
archger.2012.10.007
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