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Abstract

Falls among older adults are a leading cause of the onset of long-term care needs and represent
a critical issue in medical and nursing fields. Because falls frequently lead to fractures,
hospitalization, and increased need for long-term care, fall prevention is essential for
maintaining the quality of life (QOL) of elderly individuals. A joint statement by ten Japanese
medical organizations has noted that fall risk cannot be eliminated through operational
processes alone, underscoring the need for a framework that identifies fall risk in advance and
connects that assessment to targeted preventive intervention. This paper presents a pilot study
that aims to develop such a framework by combining three components: (1) a survey of existing
fall risk assessment methods, (2) a tablet-based questionnaire application for efficient data
collection in clinical settings, and (3) a data analysis method based on logistic regression for
estimating fall probability from questionnaire responses. The application supports two
operational modes—self-assessment by patients and staff-assisted assessment—and is
deployed across multiple hospitals with per-institution data isolation. Pilot deployments at two
partner hospitals successfully collected questionnaire responses from several dozen patients
and confirmed the practical feasibility of the proposed system. The resulting framework is
designed to realize a closed loop of assessment, feedback, and prevention. Remaining
challenges include increasing the volume of collected data, improving the accuracy of the
analysis model, and investigating mechanisms to feed analytic results back to users in a manner
that promotes sustained fall-prevention behavior.
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Introduction

Population aging has made falls among older adults one of the most pressing concerns in
contemporary health care and long-term care. Globally, falls account for an estimated 684,000
deaths each year and more than 170 million disability-associated fall injuries, a burden that has
grown faster than that of most other injury categories (World Health Organization, 2021). Falls
frequently trigger a sequence of adverse outcomes including fractures, prolonged
hospitalization, loss of mobility, and a transition to a higher level of long-term care (Tinetti et
al., 1988). In Japan, falls are repeatedly cited among the leading proximate causes of the onset
of nursing-care certification, and the associated burden extends beyond the individual to
families, medical institutions, and the social insurance system. For this reason, preventing falls
is widely regarded as a key element in maintaining the quality of life of older adults.

Despite decades of research, however, fall prevention remains difficult in practice. A joint
statement issued by ten Japanese medical organizations observes that fall risk cannot be
eliminated by operational or procedural measures alone. This position reflects clinical reality:
falls arise from the interaction of intrinsic factors such as aging, medication, cognition, and gait
instability with extrinsic factors such as flooring, footwear, and the physical layout of the living
environment (Tinetti et al., 1988). Because it is unrealistic to remove all such factors, it is
important to identify those patients who are at elevated risk in advance and to provide them
with preventive interventions tailored to the specific factors that apply to them (Ganz et al.,
2007; Montero-Odasso et al., 2022).

This paper presents a pilot study that aims to develop a support system for fall prevention
training that is grounded in quantitative fall risk assessment. The overall goal is to build a
framework in which fall risk is first assessed, then fed back to the individual (and to caregivers),
and then connected to concrete preventive action. To make this realistic in clinical settings, the
study is organized around three interacting components: (1) a survey of existing methods for
fall risk data collection and analysis, (2) a tablet-based questionnaire application that can be
used by both patients and staff in real wards and outpatient clinics, and (3) a data analysis
method that estimates fall probability from the collected responses.

The remainder of this paper is structured as follows. The next section reviews existing methods
for fall risk assessment, including data collection modalities, time-series analysis techniques,
and commonly used risk indicators. We then describe the design and implementation of the
questionnaire application, followed by the logistic-regression-based analysis method. We
report on the pilot deployment at two partner hospitals, and conclude with a discussion of
limitations and future challenges.

Literature Review
Fall Risk Assessment Methods

A wide range of methods for fall risk assessment have been proposed and investigated, and
recent global guidelines have attempted to synthesize them for routine practice (Montero-
Odasso et al., 2022). At the data-collection layer, three broad modalities dominate the literature:
wearable sensors, gait measurement, and questionnaire-based interviews. On the analysis layer,
the collected data are mapped to risk indicators that may include gait parameters, biosignals,
and statistical or machine-learning models.
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Each modality has a characteristic balance of advantages and costs. Wearable sensors, such as
inertial measurement units attached to the trunk or lower limbs, can yield high-resolution,
objective measurements but require the subject to wear the device correctly and consistently,
which is a nontrivial requirement in clinical populations that include frail or cognitively
impaired individuals. Instrumented gait analysis produces objective parameters such as
cadence, stride length, and gait variability, but depends on dedicated equipment and a
controlled walking path, making routine deployment in busy wards difficult. Questionnaire-
based approaches, by contrast, are simple to deploy and scale, and they can capture contextual
information that is invisible to sensors, but their responses are inherently subjective.

Given these trade-offs, a practical fall risk assessment method for day-to-day clinical use
should minimize the operational burden on staff and patients while still producing data that can
support a quantitative risk model. Questionnaire-based methods are particularly attractive in
this respect, provided that the instrument is well designed and that the collection process can
be supported by appropriate digital tools.

Time-Series Data Analysis Methods

Falls are temporally distributed events rather than point-in-time outcomes, so time-series-
aware analysis is an important consideration when designing a fall risk model. Two families of
methods are particularly relevant.

Proportional hazards models, most notably the Cox model (Cox, 1972), explicitly represent the
time until fall occurrence and allow the influence of multiple covariates—such as aging,
medication, and exercise habits—to be estimated jointly. This makes them well suited to
longitudinal cohorts in which follow-up times differ across participants.

Bayesian networks offer a complementary perspective (Pearl, 1988). By probabilistically
representing the dependency structure between risk factors and fall events, they can express
how interventions on a given factor (for example, increasing daily step count or modifying
medication) propagate through to the probability of a fall. This makes them appealing for
clinical decision support, where the question is not only “what is the current risk™ but also
“what can we change to reduce it.”

Fall Risk Indicators

A number of indicators have been proposed as quantitative proxies for fall risk. Gait
parameters—cadence, stride length, and gait variability in particular—are widely used because
they can be extracted from either instrumented gait laboratories or wearable sensors and
because they correlate with the underlying motor control mechanisms implicated in falls. More
recently, the maximum Lyapunov exponent, a measure of local dynamic stability of the gait
cycle estimated via techniques such as that of Rosenstein et al. (1993), was proposed as an
indicator that captures gait instability in a way that simpler aggregate measures do not.

These indicators are powerful, but most of them presuppose sensor-based or laboratory-based
measurement. For questionnaire-driven pipelines, the equivalent role is played by composite
scores computed from self-reported items such as history of prior falls, fear of falling, use of
assistive devices, and activity level. In this study we focus on the latter class of indicators,
because they align with our broader goal of enabling deployment in ordinary clinical settings.
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Research Objectives

The overall objective of this research is to build a support system that assesses fall risk in older
adults and connects that assessment to concrete fall-prevention actions. To make this objective
tractable, it is decomposed into three sub-objectives.

First, we survey existing data collection and analysis methods for fall risk assessment, and
identify methods and indicators that are both effective and compatible with routine clinical
deployment. Second, we develop a fall risk analysis method that produces a quantitative
probability of a future fall from the collected data. Third, we develop a questionnaire
application that enables efficient data collection in clinical environments including wards and
outpatient clinics.

The novelty of this research lies in the combination of these three components. Rather than
relying solely on sensor-rich instrumentation, we place a questionnaire-centered risk
assessment at the core of the system. Data are collected via tablet-based devices that can be
operated by either patients or staff; items can be mapped or augmented using natural language
processing techniques; and the resulting model is designed to be feasible even with the
relatively small datasets that are realistically available from a single-hospital or small-
consortium deployment.

Methodology
Overall Research Structure

The research proceeds along three mutually reinforcing lines: the survey of data collection and
analysis methods, the development of the questionnaire application, and the design of the data
analysis method. Together these define the closed loop that the system is designed to implement:

risk assessment, feedback to the patient and caregiver, and preventive action informed by that
feedback.

Survey of Data Collection and Analysis Methods

The first methodological step was a targeted literature review organized around three
perspectives: time-series data analysis methods, data collection methods, and fall risk
indicators. For each perspective we catalogued representative methods, summarized their
operational requirements (for example, whether they require a wearable device, a dedicated
walking path, or a specialized clinician), and noted their typical output format.

This survey served two purposes. First, it provided a rationale for the design choices in the
questionnaire application: for instance, the decision to adopt a simple tablet-administered
questionnaire rather than a sensor-heavy pipeline was informed by the practical constraints of
ward deployment that the literature review surfaced. Second, the survey defined the space of
analytic techniques that could be applied downstream, including the logistic regression model
adopted here and the proportional-hazards and Bayesian-network approaches identified as
promising directions for future work.
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Questionnaire App Development

To reduce the manual effort associated with paper-based surveys and to enable consistent,
multi-site data collection, we developed a tablet-based questionnaire application. The
application was designed around the following requirements: it must run on commodity
Android tablets that can be procured and maintained by partner hospitals; it must be usable by
older adults, including those with limited prior experience of touch interfaces; it must protect
the independence of each hospital’s data; and it must produce structured data suitable for
subsequent statistical analysis.

The resulting application delivers the twenty-one-item fall risk index developed by Toba et
al. (2005) through large, touch-friendly controls. This index, also known as the FRI-21,
consists of self-reportable items covering physical function, cognition, sensory and locomotive
organs, medication, and environmental factors, and was validated as a predictor of future falls
in community-dwelling older adults. The present implementation adopts this item set as the
substantive basis of the instrument without modification; the contribution of the present work
lies in delivering the questionnaire through a tablet-based application suitable for multi-hospital
deployment rather than in redesigning the items themselves. Items are presented either as
yes/no questions (Figure 2, center) or as multiple-choice questions (Figure 2, right), and the
interface was tuned for elderly users, including generous touch targets and simple visual
affordances. The application is cross-platform, available as a Progressive Web App and as an
Android APK built via Capacitor, with iOS support under development. The user-facing text
is in Japanese, reflecting deployment at Japanese partner hospitals.

Data management is performed via Firebase Firestore, with an architecture that ensures per-
hospital data isolation: each hospital receives its own instance with its own branding, and
patient data are scoped to that instance (Figure 1). An administrative console allows researchers
to review deployments and to export survey results as CSV files for downstream analysis.
Because the underlying codebase is shared, new features and fixes can be rolled out across all
hospitals from a single source, while the deployed instances remain logically distinct.

Figure 1
System Architecture of the Questionnaire Application
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Two Survey Modes

A distinctive feature of the application is that it supports two complementary survey modes. In
Mode A (patient self-assessment), the patient answers directly on the tablet using their own
account; this mode is intended for outpatients with sufficient cognitive ability and is designed
around an intuitive touch-based UI. In Mode B (staff-assisted assessment), a staff member
conducts the survey on behalf of the patient, selecting a registered patient from a list and then
recording the patient’s responses (Figure 2, left); this mode supports inpatients and patients
with limited mobility or cognitive impairment, for whom direct tablet use would be impractical.

Importantly, both modes produce identical structured data. From the standpoint of downstream
analysis, a Mode A response and a Mode B response are interchangeable, which means that
the analytic model does not need to distinguish between populations purely on the basis of how
the data were captured. This unification is essential for making small-to-medium datasets
usable, because it increases the effective sample size that any given analysis can draw on.

Figure 2
Representative Screens of the Questionnaire Application
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=
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The collected questionnaire responses are used to construct a clinical prediction model that
estimates the probability that a given patient will experience a fall. In this pilot, we adopt
logistic regression (Hosmer et al., 2013) as the primary modeling technique. The inputs are the
patient’s responses to the questionnaire, encoded as binary variables (1 for yes, 0 for no) where
appropriate, and the output is the predicted probability of a future fall, bounded in the interval
[0, 1]. Higher output values correspond to higher estimated fall risk.

Logistic regression was chosen for three reasons. First, it produces a calibrated probability that
can be communicated to clinicians and patients more intuitively than an uncalibrated score.
Second, the model coefficients are directly interpretable, which is important in a clinical setting
where the reasons for a given risk estimate may need to be explained to the patient or to a
multidisciplinary team. Third, it performs reasonably even with the modest sample sizes that
are available in the pilot phase, whereas more expressive models would require substantially
more data to avoid overfitting.
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To analyze the relationship between fall occurrence and questionnaire items, we examine the
fitted coefficients and their associated confidence intervals. Items with large, statistically
credible positive coefficients contribute most to the estimated probability of falling and are
therefore candidates for targeted intervention. This interpretability is an explicit design
property of the analytic pipeline, not a byproduct.

Results and Validation

The developed questionnaire application was trialed at Kashiihara Hospital and Kanenokuma
Hospital. The design of the trial was informed by prior evidence that information-technology-
based fall prevention tools can reduce fall rates in acute care settings when embedded into
clinical workflow (Dykes et al., 2010). Each institution received its own isolated instance, with
its own branding, and administered the survey to a mixture of inpatients and outpatients over
the trial period. The administrative console was used in parallel to monitor deployments and to
verify that data were being recorded in the expected structure.

Across the two sites, the trial successfully collected questionnaire responses from several dozen
patients. The data-listing and export functionality were exercised, and it was confirmed that
structured data could be recovered as CSV for subsequent statistical analysis. These results
demonstrate that the questionnaire application is operationally feasible under real clinical
conditions, that both survey modes can be used in the same deployment, and that per-hospital
data isolation does not impede aggregated research analysis.

At the time of this report, the pilot dataset is intentionally small and is used primarily to confirm
feasibility rather than to report definitive risk estimates. Consequently, although the logistic
regression pipeline was constructed, the emphasis of the present pilot is on validating the end-
to-end data collection and analysis workflow rather than on the numerical performance of the
fitted model. Initial exploratory fits are consistent with expectations from the literature in the
sense that items related to prior fall history, mobility, and medication use contribute in the
expected direction.

Discussion

The pilot demonstrates that a questionnaire-centered, tablet-administered pipeline for fall risk
assessment can be deployed at multiple hospitals with acceptable operational overhead and that
the resulting data can feed a logistic-regression-based risk model. Three aspects of the result
merit discussion.

First, the two-mode design appears to be essential rather than incidental. A single-mode design
that relied on patient self-assessment would have systematically excluded inpatients and
cognitively impaired patients, who are arguably the most important population for a fall
prevention system to cover. A single-mode design that relied on staff-assisted assessment
would have imposed a burden on staff that scales with the number of outpatients, which is
operationally undesirable. Supporting both modes, with a shared data schema, is what makes
the pipeline viable across the full patient population.

Second, the decision to build the analysis around logistic regression is conservative by design.
More expressive models, including Bayesian networks and proportional hazards models with
time-varying covariates, are attractive long-term options, but they are also harder to fit reliably
on small datasets and harder to explain in a clinical setting. Starting with logistic regression
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establishes a baseline that later, more expressive models must meaningfully outperform to
justify their additional complexity.

Third, the architecture separates data collection from analysis, which means that improvements
to either side can be made independently. New items can be added to the questionnaire without
requiring changes to the analytic pipeline, and the analytic pipeline can evolve (for example,
to incorporate free-text responses or transcribed speech processed via natural language
techniques) without forcing a redesign of the user-facing application.

At the same time, several limitations must be acknowledged. The pilot dataset is small, and the
current fit of the prediction model should therefore be understood as a feasibility check rather
than as a validated clinical tool. The two participating hospitals share a regional profile, which
may limit the external validity of any coefficients fit from their combined data. And the
questionnaire, although tuned for elderly users, still relies on self-reported information, which
is subject to recall and social-desirability biases; triangulating questionnaire responses against
sensor data remains an important future direction.

Conclusion

This paper has described a pilot study of a fall-risk-assessment-based support system for fall
prevention training. The study combined a survey of existing fall risk assessment methods, the
development of a tablet-based questionnaire application that supports both patient self-
assessment and staff-assisted assessment, and the design of a logistic-regression-based analysis
method for estimating the probability of a future fall. The system was trialed at two partner
hospitals, where it successfully collected questionnaire data from several dozen patients and
confirmed the feasibility of practical deployment with per-hospital data isolation.

The principal future challenges identified by the pilot are threefold. First, the volume of
collected data must be increased, both by extending the duration of deployment at existing sites
and by adding new partner institutions, so that the prediction model can be fit and validated on
a dataset of clinically meaningful size. Second, the accuracy of the analysis model must be
improved, including through the evaluation of alternatives to logistic regression such as
proportional hazards models and Bayesian networks, and through the extraction of latent risk
factors from free-text responses and from everyday conversation using natural language
processing and speech recognition techniques. Third, mechanisms must be investigated for
feeding fall-risk analysis results back to users in a way that actively promotes fall-prevention
behavior, closing the assessment—feedback—prevention loop that motivates the entire research
program. Addressing these challenges is expected to move the system from the present pilot
stage toward a deployable tool that contributes to maintaining the quality of life of older adults.
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