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Abstract— Smart watch, a new trend to many young as well 

as aged persons now a days, can serve as a fitness tracker and 

be far more accurate than a phone. Besides many technological 

advantages, a smartwatch can easily collect the data related to 

fitness and other movements also. Smart watch provides such an 

organized human health and activities dataset so that by this 

dataset a human activities analysis can be performed and by this 

analysis a conclusion can be drawn about their health. 

Accordingly, our Project aim is to analyze the data and examine 

whether the data collected through smart watches can describe 

the physical fitness of individuals on the basis of some of the 

factors related to daily activities. 
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I. INTRODUCTION 

Nowadays, the rise of smart watches is revolutionizing 
healthcare in an entirely new way by allowing us to take 
charge of our physical and mental well-being right from our 
wrists. Smart watches have the potential to support health in 
everyday living by enabling self-monitoring of personal 
activity, obtaining feedback based on activity measures and 
supporting bi-directional communication with health care 
providers and family members. However, the smart watches, 
an emerging technology and research, are at a nascent stage. 
These wearable devices are quickly becoming indispensable 
technologies in the healthcare industry. Smart watches can 
monitor sleep habits and physical activities in our context. 
These also encourage active and healthy lifestyle of every 
person. In this discussion, our intension is to verify how well 
the health related data of smart watches can explain fitness of 
a person in some extent. 

II. DATA DESCRIPTION 

The information of our interest has been extracted from 

the csv file named “pmdata_daily_activity_merged.csv”. 

The above file contains all of the participants’ 

cleaned and properly formatted daily data from November 1, 

2019 to March 31, 2020. This file includes daily activities, 

sleep data as well as personal information about each of the 

16 participants, including age, gender and height. 

Furthermore, another csv file has been taken under 

consideration named “pmdata_sleep_unedited.csv” which 

contains the data related to sleep because the raw sleep data 

contains a wealth of information that may be useful to anyone 

interested in studying sleep in greater depth, so unedited sleep 

data is included for all the participants. 

The underlined dataset in this consideration consists of the 

following information: 

For each of the 16 participants, participant id wise their daily 

data are given as; 

• Age: Age of each participant is given to analyse the 

data age-group wise. 

• Steps: Total steps, each participant can walk per 

day, is taken into consideration. 

• Distance (in km): Total distance (in km), each 

participant can cover per day, is also included. 

• Calories Burn:  Measurement of Calories burnt by 

each participant on daily basis should be considered. 

• Very Active Minutes: This indicates the time (in 

minutes) per day a participant is highly active. 

• Moderately Active Minutes: This indicates the 

time (in minutes) per day a participant is moderately 

active. 

• Lightly Active Minutes: This indicates the time (in 

minutes) per day a participant is lightly active. 

• Sedentary Minutes: This specifies the time (in 

minutes) per day a participant is sitting, reclining or 

lying down. 

• Minutes Asleep: This suggests the time (in 

minutes) per day a participant is asleep. 

• Time in Bed (in Minutes): This specifies the time 

(in minutes) spent in bed by each of the participants 

per day. 

• Main Sleep: This is a categorical variable which 
depicts a participant is having main sleep or not. 

III. METHODOLOGY 

Age is enormously associated with physical fitness. 

With the increase in the age, muscle strength, bone density 

starts to decrease continuously, besides that the body 

composition shifts from muscle to fat and these severely 

affect the overall health. Research has repeatedly shown that 

necessary precautions in older adults is linked with lower 

disease risk, reduced risk of falls and improved overall health. 

Therefore, it becomes essential to split the data with respect 

to different age groups namely ‘21-30’, ‘31-40’, ‘41-50’ and 

‘51-60’. 

Graphic visual representation of information is a 

crucial component in understanding and identifying patterns 

and trends in data. It encompasses a wide range of techniques 

to clarify, interpret and analyze the data by drawing line 

segments or plotting several points on the graph. 

Accordingly, in this discussion several graphs are plotted viz. 

bar diagrams, line diagrams and scatter plots. 

In addition to the above, several correlation plots 

have also been drawn to graphically display the correlation 
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matrices which also provide p-values and confidence 

intervals to help in determining the statistical significance of 

the correlations. Primarily, a correlation plot has been drawn 

among the variables viz. Height, Steps, Distance (in km), 

Calories Burn, Sedentary minutes, Minutes Asleep and 

Active minutes to identify which pair of variables are highly 

correlated with each other. Furthermore, several correlation 

plots among some specified variables viz. Steps, Distance (in 

km), Calories Burn, Very Active minutes, Moderately Active 

minutes, Lightly Active minutes, Sedentary minutes and 

Minutes Asleep for each of the four age-groups (21-30, 31- 

40, 41-50, 51-60) have been used to recognize the highly 

correlated variables for different age groups. 

Sleep has a crucial role in physical fitness. Sleep 

gives our body enough time to recover, conserve energy, 

repair and build up the muscles worked during exercise. For 

that reason, it’s become vital to analyze the sleep related data. 

In the first place, each participant has been taken 

into consideration to check whether (s)he has Insomnia or 

not. According to some Articles, if a person has sleep 

efficiency less than or equals to 85, then (s)he is diagnosed 

with Insomnia. However, if the sleep efficiency is more than 

85, (s)he will not be an insomnia patient. Comparing with this 

standard range, the occurrence of insomnia has been checked 

for each patient. 

Moreover, Fisher’s Exact test has been used to 

determine if there is any non-random association between the 

two categorical variables namely Insomnia (which depicts a 

participant has insomnia or not) and Main sleep. 

Last but not the least Multivariate Analysis of 

Variance (MANOVA) has been performed to determine 

multiple levels of independent variables on their own or in 

combination with another have an effect on the dependent 

variables. In this discussion, our interest is to identify the 

effect of different age-groups on several dependent variables 

such as, Steps, Distance, Calories Burn, Active Minutes, 

Sedentary Minutes and Minutes Asleep. Furthermore, it is 

necessary to recognize how insomnia affects the same 

dependent variables viz. Steps, Distance, Calories Burn, 

Active Minutes, Sedentary Minutes and Minutes Asleep. 

IV. RESULT 

After implementing all the procedures mentioned in 

Methodology, the following consequences had arisen: 

Before anything else several graphs, which were 

appropriate for the analysis, were drawn to identify the 

patterns of the data. The graphical representation began with 

a Line Diagram (Fig 1) which exhibited a nonlinear 

decreasing relationship between Age-group and Active 

Minutes. 

 
Figure 1: Line Diagram of age group with active minutes 

Followed by this, a Scatter Plot (Fig 2) had also been 

drawn which depicted a linear increasing relation between 

Steps and Calories Burn. 

 
Figure 2: Scatter Plot of Steps vs Calories Burn 

 

After that the tendency of Insomnia was displayed by 

different age-groups through a Bar Diagram (Fig 3). 
 

 

Figure 3: Bar diagram of Age Group vs Insomnia 

 

To identify the relationships between Steps with Very 

Active minutes, Steps with Moderately Active minutes and 

Steps with Lightly Active minutes, three Scatter plots had 

been drawn. 

Scatter plot (Figure 4) of Steps vs Very Active minutes 

depicted an increasing relationship between them. 

 
 

Figure 4: Scatter Plot of steps vs very active minutes 

 

Scatter plot (Fig 5) of Steps with Moderately Active 

minutes depicted a sort of increasing relationship between 

them but not exactly. 

 
Figure 5: Scatter Plot of steps vs active minutes 
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Scatter plot (Fig 6) of Steps with Lightly Active 

minutes depicted an increasing relationship between them. 

 

Figure 6: Scatter plot of Steps vs Lightly Minutes 

Additionally, several correlation plots resulted in 

various interrelationships among the variables. Primarily, a 

correlation plot among Heights, Steps, Distance (in km), 

Calories Burn, Sedentary Minutes, Minutes Asleep, and 

Active Minutes was drawn to graphically interpret the 

correlations among the variables. The observations collected 

from the correlation plot (Fig 7) are as follows: 

• The variable ‘Steps’ is highly positively correlated 

with ‘Distance (in km)’ as well as ‘Calories Burn’ 

and ‘Active Minutes’. 

• The variable ‘Distance (in km)’ is highly positively 

correlated with ‘Calories Burn’ as well as ‘Active 

Minutes’. 

• The variable ‘Calories Burn’ is highly positively 

correlated with ‘Active Minutes’. 

• On contrary, the variables ‘Steps’, ‘Distance (in 

km)’, ‘Minutes Asleep’ and ‘Active Minutes’ are 

highly negatively correlated with ‘Sedentary 

Minutes’. 

 

Figure 7: Correlation plot before classification of age 

Besides that, 4 other correlation plots had been 

accounted for comparing the variables namely Steps, 

Distance (in km), Calories Burn, Very Active Minutes, 

Moderately Active Minutes, Lightly Active Minutes, 

Sedentary Minutes and Minutes Asleep for each of the 4 

age-groups viz. ‘21-30’, ‘31-40’, ‘41-50’, ‘51-60’ which 

are as follows: 

• For ‘21-30’ age group (Fig 8), ‘Steps’ and 

‘Distance’ are highly positively correlated, in the 

similar way, ‘Very Active Minutes’ is positively 

correlated with ‘Steps’, ‘Distance (in km)’ and 

‘Calories Burn’. On the other hand, ‘Sedentary 

Minutes’ and ‘Minutes Asleep’ are highly 

negatively correlated. 

 

 

Figure 8: Correlation plot for 21-30 age group 

 

• For ‘31-40’ age group (Fig 9), ‘Steps’ is highly 

positively correlated with ‘Distance (in km)’ and 

‘Lightly Active Minutes’. Similarly, ‘Distance (in 

km)’ is highly positively correlated with ‘Lightly 

Active Minutes’. In contrast, ‘Sedentary Minutes’ is 

highly negatively correlated with ‘Lightly Active 

Minutes’ and ‘Minutes Asleep’. 

 

Figure 9: Correlation plot for 31-40 age group 

 

• For ‘41-50’ age group (Fig 10), ‘Steps’ and 

‘Distance (in km)’ are highly positively correlated 

with each other. However, ‘Sedentary Minutes’ and 

‘Minutes Asleep’ are negatively correlated with 

each other. 

 

Figure 10: Correlation plot for 41-50 age group 

 

• For ‘51-60’ age group (Fig 11), ‘Steps’ and 

‘Distance (in km)’ are highly positively correlated 

with ‘Calories Burn’, yet ‘Sedentary Minutes’ is 

highly negatively correlated with ‘Minutes Asleep’. 
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Figure 11: Correlation plot for 51-60 age group 

Furthermore, the observation was that the age - 

group ‘21-30’ had the highest insomnia level, the age-group 

of ‘41-50’ had the second highest insomnia level and the next 

level was captured by both the age-groups ‘31-40’ and ‘51- 

60’. 

One more observation was that for ’21-30’ age 

group, with respect to Steps, initially Very Active Minutes 

increased and after reaching at a certain point it stopped to 

increase. 

To examine whether there is any non-random 

relationship between Insomnia and Main Sleep, Fisher’s 

Exact Test was performed which produced the p-value as 

1.305e-6 (i.e., <0.05). This implies the null hypothesis is 

rejected at 95% level of significance i.e., the classifications 

are different which means someone doesn’t have main sleep 

may not imply that (s)he has insomnia. 

Additionally, to determine the effect of multiple 

levels of independent variables on the dependent variables, 

Multivariate Analysis of Variance (MANOVA) was 

performed by considering Steps, Distance (in km), Calories 

Burn, Active Minutes, Sedentary Minutes and Minutes 

Asleep as dependent variables, further Age-group as 

independent variable. This resulted in the p-value 2.2e-16 

(i.e., <0.05) which implies that the null hypothesis is rejected 

i.e., age-group wise the difference among the dependent 

variables is significant at 95% level of significance. 

Similarly, the MANOVA considering Steps, Distance (in 

km), Calories Burn, Active Minutes, Sedentary Minutes and 

Minutes Asleep as dependent variables and insomnia as 

independent variable produced the p-value 2.6e-15 (i.e., 

<0.05) which indicates that the null hypothesis is rejected at 

95% level of significance i.e., insomnia affects the dependent 

variables. 

 

V. CONCLUSION 

The motivation of this analysis is how the information related 

to daily activities of various individuals collected by smart 

watches can explain the physical fitness of those individuals 

with respect to some of the fitness indicators. According to 

the objective of the study, appropriate methods had been 

followed to reach at a conclusion. From several graphical 

figures it can be inferred that with the increase in age, the time 

when the participants are active has a decreasing tendency. In 

the similar manner, as steps of the participants increases the 

calories burn as well as the very active minutes both start to 

increase. In addition, irrespective of any age-group the 

physical fitness indicators viz. steps, calories burn, distance, 

active minutes, very active minutes, moderately active 

minutes and lightly active minutes have close positive 

interrelationship within themselves. In contrast, the 

relationship between sedentary minutes and the time of 

sleeping is negative. Afterwards focusing on insomnia, it is 

prominent that insomnia mostly affects the 21-30 and 41-50 

age groups; therefore, it can be interpreted as age-group has 

an effect on insomnia, on contrary main sleep has no relation 

with insomnia. Besides that, age group has effect on the 

physical fitness related variables viz. steps, distance, calories 

burn, active (very, moderately, lightly) minutes. As a result, 

it is obvious that age group wise insomnia affects physical 

fitness. Summarizing all the interpretations, it can be 

concluded that according to age groups, the data collected by 

smart watches can explain the physical fitness of individuals 

in the perspective of some of the daily physical activities. 
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