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Abstract

Gait or walking is a fundamental activity that has an
influence over our health. Variations in gait or walking
patterns among female teaching professionals are
prevalent. This survey discusses the data-driven analysis
related to work habits, physical health, and lower limb
health. The main aim of this study is to see how these
factors affect the overall gait health of the individual. A
survey was conducted on 46 female teaching professionals
in higher education where they responded to the questions
on their ergonomic, health, and lower limb conditions. A
data-driven analysis was conducted on the data to answer
the research questions. The data-driven analysis reveals
that long hours of standing at work, type of shoes worn,
and the presence of symptoms in the lower limbs increase
the pain and discomfort felt by female teaching
professionals. Interventions in ergonomic conditions and
sensitisation through health education are needed to curb
the presence of such conditions, which lead to
musculoskeletal disorders. This study helps to understand
that small changes in lifestyle may improve gait and how
the regular physical activities can be corrected if required.

Keywords: Gait, Gait Analysis, Data-driven analysis, female teaching
professionals, educators, health, ergonomics
1. Introduction

Walking is a fundamental or basic human activity that influences over-all

" Department of Computer Science, CHRIST (Deemed to be
University), Bangalore, Karnataka, India; kavitha.r@christuniversity.in;
jethrojyrwaroy@gmail.com

143


mailto:kavitha.r@christuniversity.in
mailto:jethrojyrwaroy@gmail.com

Mapana - Journal of Sciences, Vol. 25, No. 2 ISSN 0975-3303

health. The term gait refers to an individual's walking pattern or style,
which can be influenced by factors like balance, posture, and coordination.
Walking patterns or gait is a health indicator as a person’s signature gait or
the unique sequential walking pattern in humans can reveal key
information about certain underlying health issues. In connection with this,
any changes in gait patterns may show complications in musculoskeletal,
neurological, or occupation-related health concerns [1]. These changes in
gait can lead to discomfort, reduced mobility with an increased risk of falls,
particularly among professionals who spend more hours standing or
putting stress on their feet. In Figure 1 we see the normal gait pattern
among humans as an illustration.

Teaching professionals in academic institutions experience long hours
of standing and walking as part of their daily routine. In this regard, many
teaching professionals experience musculoskeletal disorders due to such
ergonomic conditions. This study aims to analyze the changes in the
walking patterns among female teaching professionals and identify the
changes in gait through a structured questionnaire. By examining the
duration of standing and sitting, movement patterns, footwear choices,
overall general health, lower limb health, and exercise habits, this study
provides meaningful insights into the relationship between occupational
demands and gait changes. These insights can help to develop suggestions
for better workplace ergonomics, risk-reducing healthcare strategies, and
interventions to improve mobility among the teaching professionals.
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Figure 1: Gait Pattern among Humans
2. Literature Review

A review of the literature has been conducted to understand the cur-rent
state of knowledge with regards to musculoskeletal disorders and gait
patterns among female teaching professionals which has been divided into
two sections to understand the literature on Teaching Professionals,
Walking Behaviour, and Health, and the Data Driven Analysis and Clinical
Analysis.
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2.1 Teaching Professionals, Walking Behaviour, and Health

A review conducted by Ayuni Nabilah Alias et al. [2] establishes that
teaching professionals who stand for prolonged hours are often as-
sociated with musculoskeletal disorders. Prolonged standing among
teaching professionals may lead to body pain, discomfort, muscle fatigue,
and musculoskeletal disorders which is mainly caused by the
deterioration of posture. The development of these musculoskeletal
disorders among teaching professionals likely results in altered gait
patterns. A systematic review of literature regarding the musculoskeletal
disorders among teaching professionals conducted by Somayeh
Tahernejad et al. [3] establishes that teachers face numerous ergonomic
risk factors such as awkward postures and prolonged standing. The study
finds that overall prevalence of musculoskeletal disorders is substantially
high at 68%, with the most commonly affected areas being the neck and
lower back.

2.2 Data-Driven Analysis and Clinical Analysis

A data-driven analysis provides evidence-based findings that enable
analysis and the answering of research questions using survey data. This
analysis is precise, contextualised, and objective, such that data quality is
also improved to provide a sophisticated data-driven analysis [4]. Along
with data driven analysis, clinical analysis with respect to gait wherein
patients” data are taken into account to come to various conclusions for
underlying conditions that patients may have due to altered gait patterns
such as in the study conducted by Halimatul Abd Ghani et al. [5] where
they clinically analyse the lower limb muscles and how they affect gait
parameters. Another study conducted by Daniela Ciprandi et al. [6]
concluded that within a population of healthy elderly women, those who
were more physically active had less variability in their gait (i.e., their
walking was steadier and more consistent). Conversely, those who were
less active showed greater gait variability (i.e., their walking was more
uneven). This signifies that physical activity is associated with gait
analysis.

On reviewing the literature, our data-driven analysis aims to answer the
following research questions among female teaching professionals:

RQ1: How does prolonged standing during work hours impact a
person’s physical health over the years of employment?

RQ2: To what extent do the type and fit of shoes affect an individual’s
comfort and health when frequently moving between buildings or
working long hours?
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RQ3: How does general health and exercise influence an individual’s
well-being as they age and gain more years of work experience?

RQ4: How does lower limb health vary across different age and work-
experience groups among female teaching professionals?

RQ5: Does long-term work experience contribute to discomfort while
walking or changes in walking patterns of female teaching
professionals?

3. Methods and Materials

To conduct a data driven analysis to analyze the walking patterns and
potential gait abnormalities among female teaching professionals with the
objective of answering our research questions, a survey study was
conducted. data has been collected through a structured questionnaire.
The questionnaire consisted of two demographic questions i.e., age and
years of work experience, followed by 11 primary questions focusing on
Work Habits, Physical Health and Lower Limb Symptom:s.

The participants were provided with an introduction by the
investigator in the Google Form with respect to how the data would be
used for the purpose of fulfilling the objective of this study. Agreement to
take part in the survey served as ethical approval from the participants for
the usage of their data in this data driven analysis. As mentioned, the
population of this data- driven analysis are f-male teaching professionals
in higher education. The sample size taken as participants for this study
are 46 female teaching professionals who have participated in the survey.

The structure of the Google Form used to collect the data from the
participants had 4 sections namely: demography, work habits, physical
health, and lower limb symptoms, and participants had to mandatorily
answer all the questions. The questionnaire has been designed in such a
way that the participants can select options along with an “Other” option.
The survey also collects minimal demo-graphic data about the participants
in order to maintain the privacy of the participants. Four questions included
mutually exclusive dichotomous answers (“yes” or “no”) with two of them
having an additional option of “other” in case either of the two options is
not matching with the participant’s responses. Three questions overall have
an “Other” option allowing the participant to enter their own response
which is unstructured data in nature. Five questions are options-based on
certain ranges, and three questions are scaled-based. One question was a
multiple-choice type question.

The data contains two demographic variables, that is age (in years) and
number of years the female teaching professional has been working in
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academia. Along with this, we have 4 variables relating to their work habits,
3 variables relating to their physical health and 4 variables with respect to
their lower-limb symptoms which are shown in Table 1.

In order to prepare the data for the data- driven analysis, the data
required minimal preprocessing as all questions had predefined choices
which resulted in a well-structured dataset for analysis. The data from the
questions with multiple select options and which al-lowed participants to
enter their input required preprocessing in or-der to calculate the frequency
of each option accurately. The collected data was converted to a CSV file
for preprocessing in Python using pandas library and sent to Flourish
Studio [7] for visualization. In order to prepare the data for descriptive
analysis, frequency distributions tables of each attribute were created since
the data is primarily of categorical, so the frequency distribution table
allows for a proper description of the count of female teaching professionals
in each variable. In Table 1, we also describe the central tendency of each
attribute, the mode in this case is included as the data collected is primarily
categorical in nature. It must be noted that for the variable Shoes Worn
during Work, the percentage of each category is calculated out of 46 female
teaching professionals as this question isa multiple-select question.

Table 1: Frequency Distribution of Responses
Section Variable Option | Count (%) |Mode
25-34 | 16 (34.78)
35-44 | 20 (43.48) 35-44

Age (Years) 45-54 | 9 (19.57) Age group
55-64 | 1(2.17)
Demo- >60 | 0 (0)
graphic 0-5 years | 17 (36.96)
EOW many years 610 years | 8 (17.39)
ave you  been i TE o 6 (13.08) |00 years
working in
academia? 16-20 years | 6 (13.04)

>20 years | 9 (19.57)

How manyv hours |<2 hours | 3 (6.52)
Work per day do you 5 47 o urs | 15 (32.61) 2-4 hours &
Habit typicall d ' -

abits yPICaty  SPeNC e hours | 15 (32.61) |40 hours

standing or
walking at work? |>6 hours | 13 (28.26)
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Table 2: Frequency distribution of Responses (Cont.)

ISSN 0975-3303

Section

Variable

Options | Count (%)

Mode

Work
Habits

How many hours per
day do you spend
sitting during work?

<2 hours | 6 (13.04)

2-4 hours | 17 (36.96)

4-6 hours | 12 (26.09)

>6 hours | 11 (23.91)

2-4 hours

What kind of shoes
do you wear during
work?

Flat shoes | 41 (89.13)

Heels | 4 (8.70)

Orthotic inserts [1 (2.17)

Athleticshoes |5 (10.87)

Other | 3 (6.52)

Flat shoes

How often do you
usually walk or
move between
different  buildings
on campus during
your workday?

Rarely | 2 (4.35)

Occasionally |10 (21.74)

Sometimes |11 (23.91)

Frequently | 20 (43.48)

Always | 3 (6.52)

Frequently

Table 3: Frequency distribution of Responses (Cont.)

Section

Variable

Options | Count (%)

Mode

Physical
Health

How would you rate
your general physical

health?

Poor | 4 (8.70)

Fair | 12 (26.09)

Good | 27 (58.70)

Good

Very good | 3 (6.52)

Excellent | 0 (0)

How many days per
week do you engage in

exercise

physical

activities (e.g., walking,

gym, yoga)?

0 days | 10 (21.74)

op|1-2 days | 18 (39.13)

3-4 days | 13 (28.26)

1-2 days

5 days | 2 (4.35)

Daily | 3 (6.52)

148




Rajamohan and Jyrwa Exploratory Data-Driven Insights

Table 4: Frequency distribution of Responses (Cont.)
Section Variable Options | Count (%) | Mode

Physical |Do you have any known |Yes | 12 (26.09)
Health conditions ‘ affecting No | 33 (71.74) No

your lower limbs (e.g.,
arthritis, varicose veins, |Not sure | 1 (2.17)
plantar fasciitis)?

Have you experienced |Yes | 25 (54.35) Yes
any pain or discomfort
in your lower limbs
(feet, ankles, knees,
legs) in the past month?

No | 21 (45.65)

0 (No discomfort) | 11

How would you rate the (23.91)

severity of your lower|1 | 13 (28.26)

2
limb discomfort?
imb discomfor 2 [ 14 (3043)
Lower
Limb 3 | 8(17.39)
Symptoms 4 (Severe discomfort) |
0 (0)
Have you noticed any|Yes | 8 (17.39)
changes in your walking No
pattern  (e.g., limping, = | 35 (76.09)
uneven stride) over the
recent days?
Other | 3 (6.52)
Do you believe your|Yes | 18 (39.13)
work environment or No | 17 (36.96) Yes

habits contribute to any
lower limb discomfort? |Not sure | 11 (23.91)

3.1 Descriptive Analysis

Figures 2 and 3 illustrate the distributive information of all the attributes.
The figures include a bar chart of each variable describing the distribution
of the data.
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4. Results and Discussion

After preprocessing and basic description of the data, the data was
analyzed from the perspective of the five research questions which provide
a data-driven analysis on the lower-limb health and gait patterns among
female teaching professionals.

'5-34 JE 54 55-64 .II:WE 60
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Figure 2: Frequency distribution of (a) Age Group, (b) No. of Years Working in Academia, (c) No. of
Hours Spent Standing or Walking during Work, (d) No. of Hours Spent Sitting during Work (e) Type
of Shoes Worn, (f) Movement Frequency
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Figure 3: Frequency distribution of (g) Rating of General Physical Health, (h) Days Spent in
Physical Exercise/Activity, (i) Having a Known Condition in Lower Limbs, (j) Having Pain or
Discomfort in Past Month, (k) Severity Rating of Pain in Lower Limb, (I) Notice of Change in
Walking Pattern, (m) Work Environment Contributing to Lower Limb Discomfort
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RQ1: How does prolonged standing during work hours impact a person’s
physical health over the years of employment?

An analysis of the data of the female teaching professionals grouped
according to their years of experience in academia and analyzing the
responses on how many hours they spend standing during work hours in
a day and their response to whether or not they have been experiencing
lower limb discomfort.

B Less than 2 hours B2-4 hours B4-6 hours ¥ More than 6 hours

Years of Working

0-5 years 35.29% 47.06%
6-10 years 50% 25% 25%
litol5years | 1667% | 1667% 66.66%
16 to 20 years 6.67¢ 50% 16.67%
More than 20 years ‘ 11.11% 55.56%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 4: Distribution of Hours Female Teaching Professionals spent Standing grouped by
Years of Working in Academia

BYes BNo

Years of Working

0%

10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

Figure 5. Percentage of Female Teaching Professionals Experiencing Pain or Discom-fort in Lower
Limbs

On analysing Figure 4 and Figure 5, female teaching professionals
with over 11 years of experience tend to stand for 4-6+ hours daily (Figure
4), with 66.67% reporting lower-limb pain (Figure 5). Among those
working for more than 20 years, 55.56% stand over 6 hours, and 66.7%
experience pain. This suggests that prolonged standing over the years
contributes to discomfort and potential musculoskeletal disorders.
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RQ2: To what extent do the type and fit of shoes affect an individual’s
comfort and health when frequently moving between buildings or
working long hours?

An analysis on the type of shoes worn by the female teaching
professionals along with analyzing the discomfort levels in the lower limbs
of those female teaching professionals who frequently move be-tween
buildings and working long hours is required.

BFlat shoes @ Heels B Orthotic inserts @ Athletic shoes B Other

Years of Working

o5 vewrs | S 0 [

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 6: Percentage of Types of Shoes worn by Female Teaching Professionals grouped
according to Years of Working

@Rarely @ Occasionally @ Sometimes B Frequently B Always

Years of Working

0%

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 7: Percentage of Female Teaching Professionals Movement Frequency between Buildings
grouped according to Years of Working

Referring to Figure 2 (e), flat shoes are the most commonly worn, but
from Figure 6,23.08% of the participants in the 6-10 years group wear heels,
which correlates with 75% of female teaching professionals in the same age
group experiencing pain from Figure 2. From Figure 7, a huge percentage
of the female teaching professionals always and frequently move between
buildings. Among participants in the 11-15 years of experience group and
above, from Figure 5, we observe that 66.67% report higher discomfort,
indicating that footwear choice and movement intensity significantly
impact lower limb health.
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RQ3: How does general health and exercise influence an individual’s
well-being as they age and gain more years of work experience?

An analysis on the health ratings and exercise levels given by the
female teaching professionals grouped according to their years of work
experience is required.

BPoor B Fair B Good I Very Good B Excellent

Years of Working

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 8: Percentage of Female Teaching Professionals’ Health Rating grouped by Years of
Work Experience

Bodays B1-2 days §3-4 days (/5 days BAll days

Age Group

. T
- =
- e T

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 9: Percentage of Number of Days Female Teaching Professionals Exercise Grouped
According to Age Group

From Figure 8, health ratings from the poor and fair categories are seen
more among those teaching professionals with higher work experience, as
88.89% of female teaching professionals with 20+ years rate their health as
fair or good, whereas in contrast 70.59% (64.71% + 5.88%) of female
teaching professionals with 0-5 years of work experience report good or
very good health. From Figure 9, exercise habits also differ, with the female
teaching professionals in the age group of 55-64 report no exercise, while
31.25% of 25-34-year-olds exercise 1-2 times weekly. This suggests that
maintaining an active lifestyle may help sustain better health with age.
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In order to strengthen the analysis for RQ3, we evaluated the
relationship proposed from the results of the aforementioned descriptive
analysis. A Spearman correlation analysis was performed between the
variables Exercise Frequency and rating of Overall Physical Health. The use
of Spearman’s correlation as compared to Pearson’s was justified because
both measures of interest were measured using an ordinal scale, requiring
the use of a non-parametric test. It was found that there exists a statistically
significant moderate positive correlation be-tween the two variables (rs =
0337, p = 0.022, n = 46), where rs denotes the Spearman correlation
coefficient reflecting the strength and direction of the relationship, p
represents the probability value indicating statistical significance at the
conventional threshold of p < 0.05, and n refers to the total number of
participants in the study. The conclusion that can be made is that the female
teachers who exercised more often during the week have generally better
physical health. Based on Cohen’s [8] guidelines, the obtained correlation
coefficient of rs = 0.337 indicates a moderate effect size.

RQ4: How does lower-limb health vary across different age and work-
experience groups among female teaching professionals?

BYes B No [ Other (Pain)

Years of Working

0-5 years 94.12%
6-10 years 62.5%
11 to 15 years 50%
16 to 20 years 50%
More than 20 years 66.67% 11.11%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 10: Percentage of Female Teaching Professionals with known conditions like arthritis,
varicose veins, plantar fasciitis grouped according to Years of Working

Observing Figure 10 we see that the lower-limb conditions slightly
increase with work experience, affecting only 5.9% of employees with 0-5
years of experience but rising to 37.5% in the 6-10 group and steadily rising
to 50% in the 11-15 and 16-20 years of experience. In groups with 20+ years
of experience only 22% reported known lower limb conditions with 11%
reporting lower-limb pain only. Referring to Figure 5, pain prevalence
follows a similar trend, affecting only 29.4% in the 0-5 years group but 75%
in the 6-10 years group and 66.67% in the subsequent work-experience
group. This suggests that many years of work experience significantly is
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associated with lower-limb issues over time and this could be due to long
hours of standing, walking, and frequent movement in the workplace.

RQ5: Does long-term work experience contribute to discomfort while
walking or changes in walking patterns of female teaching professionals?

BYes BNo B Other

Years of Working

Q'

% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 11: Percentage of Female Teaching Professionals Experiencing Changes in Walking
Patterns grouped by Years of Work Experience

Bo(Ni) B1 B2 73 B4 (Severe)

Years of Working

osyers IS s
0%

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 12: Percentage of Female Teaching Professionals’ Rating of Severity of Pain in Lower Limb
Discomfort Grouped by Years of Working

From Figure 11, we observe that changes in walking patterns are
majorly reported by 44.4% of employees with over 20 years of experience.
In the same pattern, from Figure 12 we observe that pain severity also
increases among the female teaching professionals as their years of
experience in academia increase, with 22.2% of employees in the 20+ years
group reporting level 3 of pain level in lower limbs. It must be noted
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that each category of female teaching professionals have experienced pain
of level 3 with the group 11 -15 years of experience reporting the highest
with 33.33%. Additionally, in Figure 13, we observe that 66.67% of long-
term participants believe their work environment is associated with
discomfort in lower limbs probably due to health issues they have
experienced during their many years of service, indicating that greater
work experience and age also plays a key role in walking difficulties and
pain.

BYes BNo U Notsure

Years of Working

0-5 years 41.18% 41.18% 17.65%
6-10 years “ 37.5% 37.5%
11 to 15 years m 33.33% 33.33%
16 to 20 years 66.66% 16.67%
More than 20 years 11.11% 22.22%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 13: Percentages of Female Teaching Professionals who believe that work con-tributes to
Lower Limb Issues grouped by Years of Working

The key findings of the study highlight between prolonged standing,
walking, and footwear on the lower-limb health of female teaching
professionals. Interpreting the results of the data-driven analysis of the
survey data collected from 46 female teaching professionals, it is evident
that prolonged hours of standing and walking with the advancement of
both the age and years of experience of the female teaching professionals
lead to discomfort in the lower-limbs over the years, with the physical
activity and the type of shoes worn by the Female Teaching Professionals
also affecting symptoms of pain or discomfort in the lower limbs. Also
taking into account the presence of known conditions in the lower limbs,
the work environment and work habits of the female teaching professionals
highly impacts their gait and increase the pain and discomfort in the lower
limbs.

This leads us to interpret, that certain interventions need to be made to
improve the ergonomic conditions of the female teaching professionals.
Especially considering, as established in the literature re-view, that
variations in the gait may be a symptom of other health-related issues
which could cause more problems for the female teaching professionals. A
study conducted by Warmerdam et al. [9] found that continuous
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monitoring and assessment of gait among patients with lower leg fractures
during rehabilitation in their daily life provided data with higher accuracy,
facilitating earlier detection of changes in performance and potential
healing problems. This can be extended to patients with lower-limb
symptoms such as the female teaching professionals of our study to
monitor how the changes in their gait pattern affect their overall health.

A study on clinical gait analysis conducted by Armand et al. [10]
through a review of current clinical gait analysis methods proposed a
foundation for developing standardized guidelines for clinical gait analysis
in Europe, addressing the current lack of international standards. In future
research, this could serve as a cornerstone for developing tools to assess
gait among female teaching professionals and potentially address any
underlying health issues as well. Although pointed by Hummel et al. [11]
in their study that the existing gait analysis technologies often face
challenges such as high costs and impracticality in clinical settings, which
limits their utility, however further research into the domain must be made
to extend the analysis of gait among professionals to limit the prevalence of
health issues related to lower limbs and other issues as well.

However, limitation from the study is the limited sample size. Future
work should expand the sample size to include more female teaching
professionals.

5. Conclusion

This study provides valuable insights into the relationship between
workplace conditions, physical activity, and overall health, particularly
concerning lower-limb discomfort. The data indicate that pro-longed
standing and walking, often required in many professions, can lead
increased discomfort and changes in walking patterns over time. The type
of footwear also plays a crucial role, as inappropriate shoes can contribute
to pain, affecting mobility and comfort. Additionally, female teaching
professionals who engage in regular physical activity tend to report better
overall health, reinforcing the importance of exercise in mitigating
workplace-related strain. Concluding from this we find that this study can
also be applied to individuals in other professions who stand for long hours
so that ergonomic interventions can also be made to improve working
conditions and avoid musculoskeletal disorders among employees.

These findings underscore the necessity of workplace interventions
regarding ergonomics, health education, and advice on proper footwear.
Proactive intervention in these issues could lead to im-proved employee
well-being by minimizing workplace fatigue and increasing productivity.
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In light of the key findings, self-regulatory practices among female teaching
professionals should be undertaken by them to avoid musculoskeletal
disorders. This includes but should not be limited to taking regular rest
breaks, walking on cushioned flooring, and wearing proper footwear
during work hours will greatly reduce discomfort and enhance long-term
occupational health.

Further research can be conducted to expand the sample size of
participants among female teaching professionals and also extend the study
to other professions as well in similar working environments such as
security guards, nurses, waiters/waitresses and restaurant staff and police
constables.
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