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Abstract: For a hand tool, varying the dimensional value of the selection parameters leads to different model 

variants. All the variants are not able to provide postural comfort and safety during work. This study suggests a 

method to identify ergonomically suitable hand tool variants that provide postural safety and comfort. Ten hand 

hoe variants used in the study are determined by varying the dimensional values of handle length, handle 

diameter and blade weight. The dynamically varying postures during soil loosening activity using each variant 

are identified from the video of hand hoe use. A sequence of image processing operations is used to extract, 

identify and classify postures from the video. The video-based data of ten women agricultural workers with ten 

hand hoe variants are classified and analysed for posture risk based on OWAS. The hand hoe variants are ranked 

based on postural safety and comfort. Thus, this paper presents an approach for the selection of hand tool 

variants considering posture risk. 

Keywords: Hand tool variants selection; Posture analysis; OWAS; Image processing 

1.  INTRODUCTION 

Ergonomics has gained significant attention among designers, engineers, and architects due to 

its ability to enhance the user's comfort, productivity, and safety while using its product. For gauging 

the potentiality of user-friendliness, various dimensions of the ergonomic aspects such as 

physiological, postural (physical), and psychological evaluation are helpful [1]. Posture is a medium of 

defining a body position based on the position of the body parts [2], and harmful working postures 

have been widely recognised as the primary contributor of discomfort, fatigue and work-related 

disorders [3]. Ergonomics is enriched with various posture evaluation methods like Rapid Upper 

Limb Assessment (RULA) [4], Rapid Entire Body Assessment (REBA) [5], Ovako Working Posture 

Assessment System (OWAS) [6] and so on. These methods assign a score to postures by considering 

the positions of the body parts [7]. Based on the score, postures are classified into different categories 
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varying from suitable, neutral, unsuitable to extremely inappropriate postures [8]. Based on the score 

and the level of action category, the risk level associated with the posture is assessed.  

The nature of the working postures formed as a result of the tool usage/activity conveys the 

information regarding the postural comfort of the worker for the tool/activity. Identification of 

relevant movements/postures and frequency of occurrence of postures have a strong influence on the 

comfort (discomfort) and work related disorder [9]. The design, dimensions, and selection parameters 

of the hand tool influence the postures adopted by the user during usage. Selection of suitable hand 

tool variants from a pool of hand tool variants based on the postural comfort criteria requires the 

evaluation of dynamically varying postures adopted during the use of each variant. Regular use of 

unsuitable hand tools (which create bad postures) imparts ergonomic risk to the worker. Evaluation 

based on postural comfort is very often productive [10], [11]. Therefore, it becomes essential to 

evaluate the postures being adopted during the hand tool usage to decide the suitability of the hand 

tool for the user [12].  

In India's agricultural and construction sectors, the most commonly used hand tool is the 

hand hoe. Agriculture activities have been considered as highly demanding of efforts, and working 

with a hand hoe is physically strenuous [13]. The hand hoes used for farming have primarily been 

designed for men with stronger muscles and are to be redesigned for women workers. In a given 

socio-cultural environment, a kind model of a hand tool might be accepted. Under that situation, 

selecting an ergonomically suitable variant of the tool is the appropriate solution for women workers 

than going for a new design of the tool. Variants of a hand tool are possible when the parameters 

value of the tool are varied. The dimensional value of the selection parameters depends on the 

anthropometry of the population. It is not necessary that all variants need to provide the same level of 

comfort (discomfort) and work-related disorders. Hence the selection of variants of a hand tool is a 

relevant problem and is addressed in this paper. The major criterion considered for the evaluation of 

variants of a hand tool is postural risk generated while using it. The postural risk can be assessed 

using traditional observational methods. This paper proposes the variant selection of a hand hoe 

model considering a traditional observational method and anthropometry of workers. But the use of 
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the hand hoe creates postures that change continuously. Hence a computerised approach for 

identification of postures generated is adopted.   

A hand hoe consists of two components: a handle and a blade. Variants of the hand hoe are 

possible by varying the dimensional values of the hand hoe's selection parameters, such as handle 

diameter, handle length, and blade weight.  The selection is specific for females in a working 

environment primarily designed for men with more significant body dimensions and stronger 

muscles. During a hand hoe use, a worker generates postures dynamically. The postures adopted by a 

worker depends on the hand hoe variants. All the variants do not provide the same postural comfort 

during work. Since a worker changes the posture continuously during the activity, analysis of all the 

postures generated during the entire hand hoe usage is necessary. Therefore, analysing a video of the 

activity helps to identify the dynamic postures generated during the activity. The captured video 

contains the continuously varying postures of the worker in the form of a collection of images called 

frames. The number of frames in a video depends on the frame rate (depends on the frame rate 

capacity of the capturing device) and duration. Frames containing the posture are extracted from the 

video, and the frames obtained are grouped based on the similarity in the postures made by the 

worker. Similar postures have similar postural risks. Multiple classes of such groups of postures are 

generated during a dynamic activity. A posture class indicates a group of postures having a similar or 

the same postural risk. The number of classes depends on the activity, but these postures can be 

classified into finite distinct posture types/classes. A seed posture from each posture class can be 

identified as a representative posture for the posture class. The postures in activity are either the seed 

posture of the posture classes or similar to a seed posture that does not have high deviations in the 

posture risk level. Since a worker during a dynamic activity produces multiple posture classes, a seed 

posture for each posture class must be identified carefully by visual observation of the video and the 

extracted images.  

The posture risk level of a seed posture is identified based on the suitable traditional 

observational method such as REBA, RULA or OWAS. The suitability of a posture evaluation method 

is based on the nature of the task, body actions and movement of body parts during the task 

performance. A seed posture for the class has to be defined by the user (analyser). The associated level 



Human Factors and Ergonomics Journal (HFEJ) 2021, Vol. 6 (2): 13 – 33 

4 

of risk is assessed by a suitable observational method such as RULA, REBA or OWAS. The posture 

risk level for all the postures in a posture class is the same as the posture risk level of its seed posture. 

On completion of the posture classification, the number of postures in each posture class with 

associated risk level will be available. These pieces of information can be used for the ergonomic 

evaluations of the activity. Ergonomically suitable hand hoe variant generates 'Good' postures during 

its usage compared to other variants. Postures developed during agricultural, material handling [14], 

masonry, etc. involve whole-body movement and are influenced by the weight handled by the 

workers. Postures related to such activities can be evaluated with OWAS proposed by Karhu et al. [6]. 

Mohan et al. [15] manually evaluated the postures (18655 number of postures) generated during a 

hand hoe activity using the Ovako Working-posture Assessment System (OWAS). They identified the 

suitable handle length for a hand hoe model, which provides postural comfort to a group of women 

agricultural workers. In this study, the working postures of agricultural workers with a set of variants 

of a hand tool are assessed for identifying suitable hand tool variants. The suitable hand hoe variants 

for the user group are identified from a pool of variants of a hand hoe model considering the postural 

comfort.  

The following section contains the materials and methods used in the study. The details of 

different variants of hand hoe used, characteristics of workers who participated and field data 

collection used in the study are provided in this section. In addition, posture identification, posture 

extraction, posture classification and posture risk identification methods, and hand tool selection 

procedure are also detailed in this section. The third section provides the results of posture 

classification and risk assessment, ranking of hand hoe variants based on posture risk and validation 

of the classification algorithm. Also, this section identifies ergonomically suitable hand hoe variants 

(considering postural comfort) for a group of women agricultural workers. 

2. MATERIALS AND METHODS 

2.1. CHARACTERISTICS OF HAND HOE USED IN THE STUDY 

Hand hoe is made up of two components, a wooden handle and a metal blade. Workers usually 

buy a handle and a blade of suitable weight separately. The handle is shaped to a proper length and 
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diameter, and the blade is fixed to the bottom of the handle. Discussion with several workers from 

different agricultural worksites of Mahatma Gandhi National Rural Employment Guarantee Scheme 

(MGNREGS) and vendors of multiple retail shops helped to study the presently used and available 

hand hoe variants and figure out the thumb rules of hand hoe selection. In this hand hoe variant 

selection, the parameters considered are Handle Diameter (HD), Handle Length (HL) and Blade 

Weight (BW). In the context of the study, variants of the hand hoe are obtained only by varying the 

dimensions of the hand hoe's selection parameters (HD, HL and BW). The values for the selected 

parameters were identified from the market survey, discussion with agricultural workers, visiting 

several industries and considerations based on the literature survey, and the anthropometric data 

collected on women agricultural workers of Kerala. From the agricultural worksite and market visit, 

the presently available dimensional range for the handle length was 1000 – 1400 mm. Handles with 

more height than women workers did not prefer 1400 mm, but male workers have more affinity 

towards long handles (for agriculture purposes). Workers identify the length of the handle for their 

acromial height (shoulder height). Handle length usually preferred by the worker is 0 – 100 mm lesser 

than the user acromial height. The statistics on anthropometric dimensions [16] related to the selection 

of hand hoe of the South Indian population and obtained through data collection among the women 

agricultural workers of Kerala are provided in Table 1. Based on these analyses, the levels of handle 

length identified for the hand hoe used for field study are 1100, 1250 and 1400 mm. Data collected on 

handle diameter through field and market visits show the range as 37 – 41 mm. Hence, the levels 

identified for the handle diameter are 37, 39 and 41 mm. 

Table 1 Standard anthropometric values of south Indian women population 

Anthropometric 
variables 

Percentiles values of south Indian 
women [16] 

Statistics based on the data collected 
from Kerala women population 

5th 50th/mean 95th SD 5th 50th/mean 75th 95th SD 

Weight(kg) 35 48/49.5 66 9.9 35 44/46 50 62 9 

Stature (mm) 1429 1517/1523 1632 66 1402 1485/1497 1530 1578 59 

Acromial height (mm) 1147 1243/1244 1343 62 1166 1240/1243 1276 1328 54 

Hand length (mm) 154 166/167 181 8 153 164/165 171 177 8 

Hand hoe with an overall weight (weight of the assembly) less than 2 kg is considered light, 

and with more than 3 kg is deemed to be heavy. While working with a hand hoe, lightweight hand 

hoe cannot properly pierce into soil; hence, the soil loosening will be problematic. On the other hand, 

the heavyweight hand hoe is tough to lift, which increases the physical effort of work. Workers 
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pointed out that maintaining an overall weight of tool between 2 – 3 kg is better for comfortable use 

and better productivity. The range of blade weight available in the market was 1.4 – 2.4 kg. During the 

data collection with women agricultural workers and retail vendors, it was found that women 

workers generally prefer lesser blade weight in the range of 1.4 – 1.8 kg. Hence, the levels of blade 

weight considered were 1.4, 1.6 and 1.8 kg. The range of parameters considered for the field study is 

consolidated and provided in Table 2. The other parameters such as the material of handle and blade, 

connection between blade and handle, shape of handle and blade were kept constant for all the 

variants.  

Table 2 Different levels of parameters of hand hoe 

 Handle Diameter (mm) Handle Length (mm) Blade Weight (kg) 

Small (B) 37 1100 1.4 

Medium (Y) 39 1250 1.6 

Large (R) 41 1400 1.8 

2.1.1. Hand hoe variants considered for the study 

The variants of hand hoe are obtained by varying the dimensions of selection parameters. The 

details given in Table 2 show that 27 variants of hand hoe are possible. Out of 27 variants, user 

accepted variants were identified by rating all of them based on an overall comfort rating method. A 

data collection was carried out in this regard with the help of 50 women workers. The workers rated 

each hand hoe variant on a 10-point scale after using the variants for the soil loosening task (30 – 100 

strokes). Likewise, comfort rating data from the workers on all variants were collected. After 

analysing the data, ten variants with an average comfort rating greater than seven and the coefficient 

of variance (CV) ≤ 0.3 were identified and considered for further study. Table 3 shows the ten variants 

(with code name) accepted for the field test based on the comfort rating method. 

Table 3 List of variants suggested by comfort rating method 

Hand Hoe Variants (code name) RYB BYY RYY YBB YYB YBY RBY BBY BBB BBR 

Hand Hoe 
Selection 

Parameters 

Handle Diameter (mm) 41 37 41 39 39 39 41 37 37 37 

Handle Length (mm) 1250 1250 1250 1100 1250 1100 1100 1100 1100 1100 

Blade Weight (kg) 1.4 1.6 1.6 1.4 1.4 1.6 1.6 1.6 1.4 1.8 

Overall Weight of Hand Hoe (kg) 2.55 2.54 2.7 2.32 2.55 2.56 2.65 2.41 2.23 2.58 

Table 3 provides the name of variants in the coded form with the value of parameters of the 

hand hoe. A nomenclature adopted for the quick identification of variants of the hand hoe consists of 

the following details. The first, second and third positions in the code indicate the handle diameter, 
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handle length and weight of the blade, respectively. A character in a code position represents a hand 

hoe parameter (such as B - Small, Y - Medium, and R - Large). The characters B, Y and R, represents 

colours such as Black, Yellow and Red, and the components are marked with these colours based on 

the parameter value of the parts. This way of marking helps identify the variants in the field study 

and video analysis. Each position holds these characters according to the level of the relevant feature. 

For example, if a variant has a large (R) handle diameter, medium (Y) handle length and small (B) 

blade weight, the code name of such a variant is RYB. The range of overall weight of the hand hoe 

variants (arrived after the general comfort rating method) selected for evaluation was 2.23 – 2.7 kg 

(See Table 3). A sample of hand hoe variants (only two) used for the study is shown in Fig. 1. The 

hand hoe shown on the top part of Fig. 1 is BBB, and the bottom part of the figure is RBY. The 

parameter measures for BBB are small handle diameter, small handle length and small blade weight. 

The standards for RBY are large handle diameter, small handle length and medium blade weight. 

 
Fig. 1 Sample of hand hoes (two of the variants) used in the study 

2.2. PARTICIPANTS CHARACTERISTICS  

Ten workers were chosen randomly from the National Institute of Technology Calicut (NITC), 

India. The average age of workers was 46 years with a mean experience of 12 years. Their average 

weight and height were 47 kg and 151 cm, respectively. Only physically able and fit women workers 

who were able to perform such tasks participated in data collection. 

2.3. ACTIVITY CONSIDERED FOR FIELD STUDY AND DATA COLLECTION 

Soil loosening activity was considered for the study. Unit work considered for the study is 

defined as the loosening of soil over an area of two (1 × 2) square metres. Each worker had to perform 

soil loosening activity over a two square metres area using each hand hoe variant. Worker's hand hoe 

usage activities were recorded in 'mp4' video format by Sony (HX200V) digital video recorder with a 



Human Factors and Ergonomics Journal (HFEJ) 2021, Vol. 6 (2): 13 – 33 

8 

frame rate capacity of 25 frames per second (fps). Also, the distance between camera and worker was 

maintained constant (two meters) throughout the video recording. Ten workers practised each hand 

hoe variant, and thus, 100 video records (10 variants × 10 workers = 100) were recorded. 

2.4. EXTRACTION AND IDENTIFICATION OF POSTURE FROM VIDEO  

During hand hoe use, worker changes their posture dynamically. The captured video contains 

the continuously varying worker's posture in the form of a collection of images called frames. The 

number of frames in a video depends on the frame rate (depends on the frame rate capacity of the 

capturing device) and duration. The frames from the video were extracted using an image extraction 

program. The position of the worker may not be the same in every frame. The worker is located from 

the frame, and then the area of interest was cropped out using the finding and cropping program. 

Using the threshold segmentation algorithm, the surrounding area of the worker was removed. As a 

result, the frames that only contain the worker's worker posture (area of interest) were obtained. The 

frames received were grouped based on the similarity in the posture made by the worker. Since a 

worker during a dynamic activity produces multiple posture classes, a seed posture for each posture 

class must be identified carefully by visual observation of the video and the extracted images.  

For obtaining the postures continuously from the video and classifying them, the study 

employed a sequence of image processing operations: (i) extraction operation for extraction of images 

from video, (ii) worker location method to locate the position of the worker in a frame, (iii) working 

posture identification using segmentation technique, and (iv) classification of postures to the defined 

classes of postures using a classification algorithm. Programs required for image processing 

operations were coded in MATLAB and executed in a computer system with 8 GB RAM and a 2.30 

GHz core i5 processor. Also, each image processing operation used in the study accepted the images 

of a single variant usage at a time for processing purposes. 

2.5. POSTURE RISK ASSESSMENT OF SOIL LOOSENING ACTIVITY USING OWAS 

Ovako Working Posture Assessment System (OWAS) is a quick and straightforward posture 

evaluation technique used by ergonomists to evaluate the ergonomic risk associated with the 

postures. This assessment is obtained while performing the laborious tasks involving the upper limb 

and lower limb (whole-body) movement of the workers like agricultural and construction tasks [17], 
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[18]. OWAS considers positions of the back, arms, legs, and the weight being carried by workers to 

evaluate the postures. OWAS' body part position identification number chart' shown in Table 4 

provides a 'body part position identification number' to a body part based on its position in the 

posture and weight or strength requirement. 

Table 4 OWAS body part position identification number chart  

Body Part 
OWAS identification number 
for body part position/weight 

Description of position score 

Head and 
Neck 

1 
2 
3 
4 
5 

Upright/free 
Bent forward –flexion greater than 300 
Bent to side 
Bent backward – flexion greater than 300 
Twisted 

Back 

1 
2 
3 
4 

Straight 
Bent 
Twisted or bent to one side 
Bend and twisted or bent and bent to one side 

Arms 
1 
2 
3 

Both arms below shoulder level 
One arm at or above shoulder level 
Both arms at or above shoulder level 

Legs 

1 
2 
3 
4 
5 
6 
7 

Sitting, legs below seat level 
Standing, legs straight 
Standing on one leg, leg straight 
Standing on both legs, legs bent 
Standing on one leg, leg bent 
Kneeling on one or both knees 
Walking or moving 

Weight or 
strength 

requirement 

1 
2 
3 

Less than 10 kg 
Over 10 kg but less than 20 kg 
More than 20 kg 

Table 4 reveals that five positions of head and neck, four positions of the back, three positions 

of arm, seven positions of leg and three levels of weight are possible. These positions of body parts 

and importance imply that 1260 (5×4×3×7×3) postures are possible as per details given in Table 4. In 

the case of hand hoe usage, all the workers always maintained the head and neck in an upright 

posture. Other postures for the neck such as forward flexion, bent to the side, backward flexion and 

twisted are not adopted by the workers. The weight of all the variants of hand hoe is less than 10 kg. 

Hence, the number of postures possible using OWAS for posture assessment are reduced to 84 

(4×3×7). For soil loosening activity, the postures adopted by workers can be identified by considering 

the positions of the back, arms and legs. 
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A posture score is obtained based on the 'body part position identification number' of various 

body parts in the posture and can be obtained from the OWAS score sheet given in Table 5. The 

postures can be represented in terms of the body part position number in the sequence of Back-Arms-

Legs. Each such sequence has a score that can be read from Table 5. The OWAS score sheet (Table 5) 

shows that the final posture score varies in the range of 1–4. The risk level of posture scores is given in 

Table 6. Considering the ergonomic risk linked with the postures, scores up to two are considered 

'Good Posture', and such postures belong to action category 1 or 2. While postures associated with 

posture scores of more than two are considered 'Bad posture' and such postures belong to action 

category 3 or 4. For example, a posture with back in bent condition, both arms below shoulder level 

and standing with legs in the straight condition have' position identification number sequence' as 

'212'. This number sequence is obtained when the OWAS body part position identification number 

chart in Table 4 is used. The posture score for this number sequence (212) is two according to the 

OWAS score sheet given in Table 5. According to Table 6, this score belongs to an action category of 2. 

Information provided in Table 6 shows that postures belonging to action category 2 are low-risk 

category postures and are hence belong to 'Good Posture' category.  

Table 5 OWAS score sheet  

  LEGS 

BACK ARMS 1 2 3 4 5 6 7 

1 

1 1 1 1 2 2 1 1 

2 1 1 1 2 2 1 1 

3 1 1 1 2 2 1 1 

2 

1 2 2 2 3 3 2 2 

2 2 2 2 3 3 3 2 

3 3 2 3 3 4 4 2 

3 

1 1 1 1 4 4 1 1 

2 2 1 1 4 4 3 1 

3 2 1 2 4 4 4 1 

4 

1 2 2 2 4 4 4 2 

2 3 2 3 4 4 4 2 

3 4 2 3 4 4 4 2 

Table 6 OWAS action categories  

OWAS 
score 

Action 
Category 

Action Required 
Posture Risk 

Category 

1 1 No corrective measures 
Good (Low Risk) 

2 2 Corrective measures shortly 

3 3 Corrective measures as soon as possible 
Bad (High Risk) 

4 4 Corrective measures immediately 
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The manual observation of postures in the hand hoe revealed that workers adopted only two 

positions regarding back (straight and bent), one position regarding arms (both arms below shoulder 

level), and two positions regarding legs (straight and bent) while doing soil loosening task with all the 

hand hoe variants. Thus, the possible number of postures that need to be considered was reduced 

from 84 to four (2×1×2 = 4). An example of the most repetitive four postures is in Fig. 2, with postures 

titled with their posture number sequence. These postures were fed to K-means classification 

algorithm as a centroid (seed posture) of individual class (cluster).  

 
Fig. 2 Repetitive postures observed during soil loosening task with the posture number sequence 

2.5.1. Working Posture Classification 

Working posture classification is the last operation of the image processing part, which 

classifies the images into various classes. Segmented images provide the working postures that must 

be evaluated according to the OWAS method and organised into multiple classes. The posture 

classification steps involve two stages. 

In the first stage, a posture number sequence is assigned to each posture by considering the 

back, arms, and legs position as mentioned in the body part identification number chart given in Table 

4. Postures were classified into different classes based on the assigned posture number sequence. The 

total number of classes equals the types of distinct posture number sequences obtained by considering 

the body part identification number chart (Table 4). As explained in the previous section, only four 

types of postures are observed in this study and are as shown in Fig. 2, which leads to four distinct 

types of posture number sequence. Classes are labelled according to the kind of posture they hold. For 

example, assume that there are 1000 postures available. Two hundred fifty postures contain the 

worker with a straight back, both arms below shoulder level, and standing. Then, such postures will 
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be given a posture number sequence of 112, and they are assigned to a class labelled as '112'. Likewise, 

the remaining 750 postures will be assigned to three distinct categories, and each type has a unique 

posture number sequence.  

For the first stage, the K-means clustering algorithm was applied to classify the postures into 

various groups. To initialise the K-means algorithm, seed posture related to each cluster was defined 

and fed to the algorithm. An example of the seed postures and class label is shown in Fig. 3, where 

each seed posture represents the respective labelled class. The structure and methodology used in the 

algorithm and the initial input (seed postures related to each cluster) enable K-means to classify the 

postures the same way the postures could be assigned posture number sequence manually based on 

OWAS. 

 
Fig. 3 Seed postures for K-means classification 

K-means algorithm mainly did two operations during each cycle: (1) Cluster Formation and 

(2) Centroid Formation. In cluster formation, the postures were assigned to each class by maintaining 

the seed postures constant, and in centroid formation, the centroids of all the clusters were moved by 

keeping all the postures constant. Such cycles were repeated several times, and finally, all the postures 

were assigned to various clusters with better accuracy. An example of seed postures titled with the 

class label is shown in Fig. 3. 

In the second stage, the classes (clusters) obtained by K-means were further classified into two 

categories: 'Good Posture' and 'Bad Posture'. Postures of the types labelled with 112, 114, 212 and 214 

get the final score of 1, 2, 2, and 3, respectively, considering the OWAS score sheet provided in Table 5. 

The OWAS score of the posture classes (112, 114, 212) obtained is either 1 or 2, and these postures are 

classified as 'Good Postures'. While the postures that belong to class 214 are classified as 'Bad Postures' 
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due to the final score of '3' assigned based on action categories provided in Table 6. A program coded 

in MATLAB performs this task (second stage of classification). In this way, working postures 

regarding particular hand hoe variants concerning a single user were classified. All the workers 

operated the same hand hoe, and postures regarding each exercise were classified accordingly. The 

same was repeated for all hand hoe variants. 

3. RESULTS AND DISCUSSIONS 

The classifier algorithm classified postures into four classes such as 112, 114, 212, and 214. The 

postures belonging to posture classes 112, 114 and 212 have either an OWAS score of 1 or 2. These 

scores indicate that the associated postures can be considered good (ergonomically low-risk). OWAS 

score for the posture class 214 is three, and OWAS recommends 'corrective measures as soon as 

possible for the postures of this class. Hence, postures in class 214 are considered bad postures 

involving ergonomic risk—the percentage of good postures generated by each hand hoe while in use. 

A suitable hand hoe variant of the workers' model was identified based on the rate of good postures. 

3.1.  POSTURE EXTRACTION RESULTS 

Each worker took an average of three minutes (and an average standard deviation of 16 s) to 

complete the soil loosening task. A three-minute task generates 4500 (25 fps × (3 × 60) s) 

frames/postures per video. There are ten variants of the model (tool) and ten workers, and thus 100 

videos were available. The number of postures (frames) available in this study is 484115. The number 

of postures extracted for each variant of the tool for different workers is provided in Table 7. These 

extracted frames (containing postures) were evaluated and classified further into good and bad 

categories.  

Table 7 Number of frames extracted from each hand hoe exercises 

Worker 
Hand hoe variants 

BYY RYB RYY YBB YYB BBB BBY BBR YBY RBY 

W-1 4710 4610 4260 4770 4790 5465 4750 5530 5140 4700 

W-2 4600 4790 4810 4700 5390 4960 4300 4740 4930 4620 

W-3 4690 4510 4490 5440 5965 4740 4860 4300 4500 4540 

W-4 5250 4930 4810 5170 5060 4620 4130 5500 5160 4315 

W-5 5090 4690 4755 4440 4780 5290 5250 4370 5290 5060 

W-6 4670 4740 4830 4310 4950 5630 5390 5510 4295 5520 

W-7 5750 4720 4800 4630 4790 5300 4360 4610 5590 5490 

W-8 5000 5510 4570 4620 4960 4130 5100 4610 5080 4490 
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W-9 4860 4940 4240 4750 4710 4970 4170 4640 4915 4780 

W-10 4610 5310 5060 4250 4520 4600 4870 4180 5020 4205 

Total 49230 48750 46625 47080 49915 49705 47180 47990 49920 47720 484115 

3.2. POSTURE CLASSIFICATION RESULTS 

Postures generated were classified into four classes defined by OWAS. The classified results are 

shown in Table 8. The four classes were further defined as good and bad categories of postures 

considering the ergonomic risk involved. 

Table 8 Posture classification results 

Worker Posture classes 
Hand hoe variants 

BYY RYB RYY YBB YYB BBB BBY BBR YBY RBY 

W-1 

112 471 461 326 144 825 850 257 553 514 605 

114 377 139 74 96 275 305 102 409 143 260 

212 3462 2270 3161 2836 2200 2720 3669 3318 3084 2445 

214 400 1740 699 1694 1490 1590 722 1250 1398 1390 

TOTAL 4710 4610 4260 4770 4790 5465 4750 5530 5140 4700 

W-2 

112 317 259 464 141 162 148 129 143 296 231 

114 154 108 75 94 107 100 86 94 99 92 

212 3846 3788 3501 2811 4548 3407 2940 3182 3493 3379 

214 283 635 770 1653 573 1304 1145 1321 1042 918 

TOTAL 4600 4790 4810 4700 5390 4960 4300 4740 4930 4620 

W-3 

112 235 226 180 272 1230 237 243 215 225 227 

114 94 90 44 108 350 94 97 86 90 91 

212 3860 4134 2800 3049 2860 3373 3494 2778 2605 3073 

214 501 60 1466 2011 1525 1036 1024 1221 1580 1149 

TOTAL 4690 4510 4490 5440 5965 4740 4860 4300 4500 4540 

W-4 

112 262 246 130 259 324 231 206 275 258 300 

114 105 99 96 103 144 93 83 110 103 290 

212 2633 3695 2314 2897 2083 3286 2970 3556 3439 2395 

214 2250 890 2270 1911 2509 1010 871 1559 1360 1330 

TOTAL 5250 4930 4810 5170 5060 4620 4130 5500 5160 4315 

W-5 

112 254 234 460 430 226 265 263 218 264 253 

114 102 94 240 153 124 105 105 88 105 102 

212 4190 4300 2560 1847 1914 3749 3356 2970 3340 2965 

214 544 62 1495 2010 2516 1171 1526 1094 1581 1740 

TOTAL 5090 4690 4755 4440 4780 5290 5250 4370 5290 5060 

W-6 

112 233 237 96 172 198 226 215 221 440 220 

114 93 95 97 86 99 112 108 110 250 110 

212 3042 4018 3667 2822 3932 3839 3588 3704 2295 4350 

214 1302 390 970 1230 721 1453 1479 1475 1310 840 

TOTAL 4670 4740 4830 4310 4950 5630 5390 5510 4295 5520 

W-7 

112 230 189 192 186 192 212 175 184 224 220 

114 115 95 96 92 95 106 87 93 111 109 

212 4375 3697 3152 3241 3512 3914 2736 3127 3464 4430 

214 1030 739 1360 1111 991 1068 1362 1206 1791 731 

TOTAL 5750 4720 4800 4630 4790 5300 4360 4610 5590 5490 

W-8 

112 200 328 183 220 198 165 204 184 203 179 

114 100 162 91 64 100 83 102 93 101 91 

212 3116 2050 3155 3834 3452 3635 3200 2935 2654 3255 

214 1584 2970 1141 502 1210 247 1594 1398 2122 965 
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Worker Posture classes 
Hand hoe variants 

BYY RYB RYY YBB YYB BBB BBY BBR YBY RBY 

TOTAL 5000 5510 4570 4620 4960 4130 5100 4610 5080 4490 

W-9 

112 196 197 169 521 188 198 166 185 920 192 

114 48 49 43 62 48 50 44 46 240 48 

212 2730 3252 2588 1836 2755 3632 2884 2649 2245 3276 

214 1886 1442 1440 2330 1719 1090 1076 1760 1510 1264 

TOTAL 4860 4940 4240 4750 4710 4970 4170 4640 4915 4780 

W-10 

112 184 212 202 170 180 184 320 167 200 750 

114 46 53 50 42 46 46 270 43 50 220 

212 3239 2933 3647 3175 3307 3577 3075 3020 3470 1960 

214 1141 2112 1161 863 987 793 1645 950 1300 1275 

TOTAL 4610 5310 5060 4250 4520 4600 4870 4180 5020 4205 

The percentage of good postures linked with each hand hoe usage was obtained from 

classification operation and are provided in Table 9. Columns in the table indicate the rate of good 

postures related to different hand hoe variants, and rows indicate the percentage of various workers' 

good postures. The name of the hand hoe variants is expressed in a coded form which can be used for 

identifying the level of the parameters of the variant. (Refer to Section 2.1.1 for details regarding the 

terminology of the hand hoe variants.) The percentage of good postures for each variant, when used 

by a particular worker, is given in Table 9. For example, the variant BYY generated 91.51% good 

postures when used by worker 1. It can be noted that the range of average percentage of good 

postures for the ten variants is 66.90% to 79.37%. The highest rate of good postures is obtained for the 

variant BBB, and the poor variant is YBB which has 66.90% good postures. 

Table 9: Posture Classification Results (in the percentage of good postures) 

Worker 
Hand hoe variants 

BYY RYB RYY YBB YYB BBB BBY BBR YBY RBY 

W-1 91.51 62.26 83.57 64.46 68.24 70.81 84.81 77.39 72.80 70.41 

W-2 93.85 86.74 83.99 64.81 89.38 73.69 73.36 72.12 78.83 80.11 

W-3 89.32 98.67 67.34 54.73 74.35 84.22 78.33 71.76 64.89 74.67 

W-4 57.14 81.95 52.81 63.05 50.40 78.14 78.91 71.67 73.64 69.95 

W-5 89.32 98.67 67.34 54.73 47.35 77.88 70.93 74.96 70.14 65.61 

W-6 72.16 91.77 79.92 71.46 85.45 74.20 72.57 73.24 69.38 84.81 

W-7 82.09 84.32 71.67 76.02 79.33 79.84 68.76 73.85 67.98 86.70 

W-8 68.33 46.10 75.05 89.15 75.60 94.02 68.76 69.67 58.22 78.51 

W-9 61.19 70.81 66.04 50.93 63.48 78.09 74.18 62.11 69.01 73.55 

W-10 75.27 60.22 77.08 79.69 78.17 82.78 72.73 77.26 74.13 84.69 

Avg. 78.02 78.15 72.48 66.90 71.18 79.37 74.33 72.40 69.90 76.90 

Std. Dev. 13.16 17.67 9.55 12.20 13.93 6.56 5.02 4.37 5.64 7.20 
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3.3. VALIDATION OF CLASSIFICATION RESULT  

For validation, the video frames of the randomly selected videos were manually classified into 

the four posture classes based on OWAS. The manual classification results are compared with the 

results obtained by K-means for the same videos. Out of the total 100 videos, ten videos were 

randomly selected. The randomly chosen videos belong to videos of different workers for different 

variants of the hand tool. These details, with the number of postures obtained in each class by manual 

and K-means methods, are provided in Table 10. The number of video frames available in each video 

selected for analysis is also provided in Table 10. The total number of video frames (postures) 

manually analysed for classification into various posture classes is 48715.  

Table 10 Validation result: Manual classification v/s K-means classification 

Vide
o 

No. 

Worke
r 

Index 

Hand 
Hoe 

Variant
s 

Posture Classifications (Number of frames analysed) Numbe
r of 

frames 
analyse

d 

112 114 212 214 

Manu
al  

K-
mean

s 

Erro
r 

Manu
al  

K-
mean

s 

Erro
r 

Manu
al  

K-
mean

s 

Erro
r 

Manu
al  

K-
mean

s 

Erro
r 

1 1 BBB 715 850 135 345 305 40 2845 2720 125 1560 1590 30 5465 

2 6 YBY 345 440 95 270 250 20 2410 2295 115 1270 1310 40 4295 

3 4 RBY 355 300 55 280 290 10 2370 2395 25 1310 1330 20 4315 

4 5 RYY 345 460 115 280 240 40 2650 2560 90 1480 1495 15 4755 

5 10 BBY 345 320 25 320 270 50 2985 3075 90 1660 1645 15 5310 

6 1 RBY 480 605 125 290 260 30 2560 2445 115 1370 1390 20 4700 

7 3 YYB 1145 1230 85 380 350 30 2935 2860 75 1505 1525 20 5965 

8 9 YBY 840 920 80 270 240 30 2325 2245 80 1480 1510 30 4915 

9 7 BBY 615 750 135 240 220 20 2145 1960 185 1205 1275 70 4205 

10 1 YYB 920 825 95 310 275 35 2175 2200 25 1385 1490 105 4790 

Total 6105 6700 945 2985 2700 305 25400 24755 925 14225 14560 365 48715 

ACCURACY= (1-(2540/48715)) ×100 ≈ 95 % 

When comparing the postures obtained for each class, the difference between the manual and 

K-means classifications is the error due to the K-means classification. This information is also available 

in Table 10. The total error of classification is 2540 frames (postures). This indicates that 95% of 

postures are correctly classified into the respective posture classes by the K-means method. That is, the 

accuracy of the K-means classification is nearly 95 percentages. Next, the good postures estimated by 

both methods are compared, and the results of this comparison are available in Table 11. It is noted 

that the average error in good postures estimated when K-means method compared with manual 

method is 1.47%. 



Human Factors and Ergonomics Journal (HFEJ) 2021, Vol. 6 (2): 13 – 33 

17 

Table 11 Comparison of validation results with K-means results 

Video Worker 
Index 

Hand Hoe 
Variant 

Good Postures (%) by 
Manual method 

Good Postures (%) by 
K-means method 

Error = |Column 4- 
Column 5| 

Posture classes (112+114+212)/Total Postures    

1 1 BBB 71.5 70.81 0.69 

2 6 YBY 70.4 69.38 1.02 

3 4 RBY 69.6 69.95 0.35 

4 5 RYY 68.8 67.34 1.46 

5 10 BBY 68.7 72.73 4.03 

6 1 RBY 70.85 70.41 0.44 

7 3 YYB 74.76 74.35 0.41 

8 9 YBY 69.88 69.01 0.87 

9 7 BBY 71.34 68.76 2.58 

10 1 YYB 71.08 68.24 2.84 

Average error=  1.47 

3.4. COMPARISON AND RANKING OF HAND HOE VARIANTS BASED ON K-MEANS 

RESULTS 

Data provided in Table 9 shows the percentage of good postures obtained when the K-means 

algorithm is used. As the data does not follow any distribution and samples are dependent, the non-

parametric test is required to check the statistical difference among the mean percentages of good 

postures of all variants. In the context of the study, the Friedman test performs the hypothesis test 

considering the mean value of good postures related to each variant shown in Table 9. Friedman test 

also assigns a score to the variants by performing the rank test. 

Friedman test has been performed at a 10% significance level to test the null hypothesis that 

the mean percentages of good postures related to all variants of hand hoe are equal. A formal 

statement of the alternative hypothesis would be: the mean percentages of good postures about all the 

variants of hand hoe are not equal. 

Hypothesis: 

H0: The means of good postures related to all the variants are equal. 

H1: The means of good postures related to all the variants are not equal. 

 

 
 
where,  

µi = Mean percentage of good postures obtained during ith hand hoe variant usage,  

i = 1, ..., 10 

0 1 2 3 4 5 6 7 8 9 10

1 1 2 3 4 5 6 7 8 9 10

H :μ μ μ μ μ μ μ μ μ μ

H :μ μ μ μ μ μ μ μ μ μ
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Friedman test permits to reject the null hypothesis based on the results shown in Table 12. As 

the value of p statistic (.058) is less than the accepted significance level of 0.10, there is statistical 

evidence to conclude that not all the means of good postures related to hand hoe variants are equal. 

Table 12 Test Statistics of Friedman Test 

Number of Samples 10 

Chi-Square 16.451 

Degree of Freedom 9 

p Value .058 

Significance Level (α) 0.10 

The Friedman test assigns a score to the variants based on the mean rank test in Table 13. The 

first rank has been assigned to the BBB variant, which has the highest percentage (79.3%) of good 

postures and has the highest score of 7.50, while YBB has the lowest percentage (66.9%) of good 

postures has the lowest score of 3.50. The variants RYB and BYY have a higher rate of good postures 

than RBY (see Table 13). The variants RYB and BYY have a standard deviation in the mean percentage 

of good postures as 13.6 and 17.67, respectively. The standard deviation of RYB and BYY is much 

higher than that of RBY (7.20) (see Table 13). Due to this reason, RBY has a higher score than RYB and 

BYY, so RBY has a higher rank than RYB and BYY. The rank and score of different variants based on 

the Friedman test are given in Table 13. This test ranks the BBB as the top-ranked variant, and hence 

the most suitable agricultural hand hoe variant is BBB. 

Table 13 Friedman Rank Test 

 Mean Score  Mean Good Postures (%) 
Standard 
Deviation 

Rank 

BBB 7.50 79.37 13.16 1 

RBY 6.80 76.90 17.67 2 

RYB 6.70 78.15 9.55 3 

BYY 6.10 78.02 12.20 4 

BBY 5.50 74.33 13.93 5 

YYB 5.20 71.18 6.56 6 

RYY 5.00 72.48 5.02 7 

BBR 4.90 72.40 4.37 8 

YBY 3.80 69.90 5.64 9 

YBB 3.50 66.90 7.20 10 

4. CONCLUSIONS 

Dimensional variations in the selection parameters of a hand tool lead to different variants of 

the tool. All the variants of a hand tool cannot provide the same amount of postural comfort for 

workers. This study suggests a method for identifying ergonomically suitable hand hoe variants that 
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provide postural comfort for the group of workers considered. Since the workers vary in 

anthropometry, some of the variants can provide better postural comfort and safety for a group of 

anthropometrically similar workers compared to some other groups. Identification of ergonomically 

suitable hand tool variants for the workers requires anthropometric consideration and postural risk 

assessment of hand hoe use. One of the considerations for determining the dimensional value of the 

selection parameters in the study was anthropometry of the population. The selection parameters 

identified for hand hoe are handle length, handle diameter and weight of the blade. The dimensional 

value of the selection parameters considered for the study was determined based on the 

anthropometric characteristic of workers and data collected on the hand hoes being used in different 

agricultural worksites and available with several retail vendors and manufacturers. The dimensional 

value of the selection parameters was kept at three levels to get the variations. Based on this, 27 

different variants were obtained. Using the user comfort rating method, ten hand hoe variants having 

an average comfort rating greater than seven and a coefficient of variance ≤ 0.3 were identified for the 

field study. 

During working with a hand hoe, workers change their postures dynamically. The postures 

adopted by the worker depend on the hand hoe variants. Since posture is dynamic, a worker's video 

has been captured, and all the postures are generated and extracted. Then, the prominent postures are 

identified using body part position identification method of OWAS and are found to be four types of 

postures (classes of postures). All the extracted postures are classified into these four classes using the 

K-means classification algorithm. OWAS based evaluation is performed to identify the risk of each 

posture class. Based on the postural risk suggested by OWAS, the postures are aggregated into good 

and bad postures. This type of analysis is carried out for all variants of the tool used for the study. The 

percentage of good postures generated by each variant is determined and is considered the basis for 

selecting suitable hand hoe variants. Hence the study identified the bad postures related to the 

existing hoe dimensions and identified the postural risk associated with each variant. Considering the 

postural risk and anthropometry of workers, the study suggests variants that helps to avoid associated 

musculoskeletal disorders reported in [19], [20]. 
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The percentage of good postures associated with each hand hoe variant is identified as the test 

parameter for ranking the hand hoe variants. Since the data did not follow any distribution and 

samples were dependent, a non-parametric test was used to check the statistical difference among the 

mean percentages of good postures of all variants. Thus, the Friedman test was performed to 

hypothesise that there is no difference in the mean value of good postures related to each variant. 

Friedman test assigns a score to the variants, and the test is conducted at a 10% significance level. It 

tests the null hypothesis that the mean percentages of good postures related to all variants of hand hoe 

are equal. The Friedman test results provided statistical evidence of a significant difference in the 

mean of the good postures among hand hoe variants. Finally, based on the Friedman test score, ranks 

are assigned to hand hoe variants. The top-ranked hand hoes are suitable for the workers considered. 

The first ranked hand hoe variant is BBB which has a lower level for all the selection parameters. The 

parameters of this variant are 37 mm for handle diameter, 1100 mm for handle length and 1.4 kg for 

blade weight. The second-best hand hoe is RBY which has a significant level of handle diameter (41 

mm), a small level of handle length (1100 mm) and a medium level of blade weight (1.6 kg). As per 

OWAS, the top-ranked hand hoe variants can provide better postural comfort and reduced chances of 

a worker being affected by physical strain and work-related musculoskeletal disorders during the use 

compared to lower-ranked variants. The use of poorly selected tool and the related postures pose a 

severe threat and physiological stress generation [3].  

This study used a small sample size, random and convenience sampling method. The results 

of this study can only be used for the sample of workers considered or workers with similar 

anthropometry. To identify the hand tool variants suitable for a population, an extensive study with 

larger sample size and representative sampling method are to be used. But the proposed method can 

be applied to the data collected for the population. The suggested hand tool variants may not 

necessarily be ideal for every member, but, on an average, they will provide postural comfort and 

safety compared to poorly ranked variants for the worker group. The parameters of the hand tool 

design, such as the angle between blade and handle, blade characteristics, grip properties of the 

handle, handle material, torque and force generated, etc., also can be part of the future study. The 

vibration transmitted can be considered for future research and depends on the material used for the 
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tool and the nature of the work. These types of analyses provide insight into the informed choice of 

tools to which the practical situation is called upon [1].  
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