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ABSTRACT 

This study was carried out, in order to determine the level of mismatch between student’s size and the furniture 

that they use at college. A total of 30 students were investigated. The body size of each student was assessed using 

standard anthropometric measurement technique. The existing furniture dimensions were also measured including seat 

height, depth and slope; table/desk height, depth and slope. The comparison between body size and furniture dimension 

was done by using parcels et al. (1999) scale. The result of the study showed that, height of seat and desk/ table was 

appropriate for the students, but seat depth and leg clearance space were not appropriate with student dimensions. The 

overall ergonomic design score of furniture was 4.5, and it showed that the design was poor and not appropriate for the 

students. 

KEYWORDS: Anthropometric Measurement, Ergonomic Design Score & Leg Clearance 

 

Received: Jun 10, 2017; Accepted: Jul 15, 2017; Published: Aug 29, 2017; Paper Id.: JEEFUSDEC20171 

INTRODUCTION 

The classroom is a formal environment for learning. A conducive and comfortable classroom 

environment motivates the students to perform better and encourage the learning process. A study conducted by 

CBRI (1990) found that, the seating furniture adapted to body dimensions increased the learning effectiveness. 

Care should be taken to see that, the furniture is designed appropriately to the student’s anthropometry. According 

to Pheasant (1986), the purpose of seating furniture is to provide stable body support in a posture that is 

comfortable over a period of time, physiologically satisfactory and is appropriate to the task or activity being 

considered. Workplace furniture design and user anthropometry have become an important consideration in 

designing ergonomically appropriate furniture (Harris et al. 2005). Furniture used in schools is one of the factors 

that affect the sitting posture (Panagiotopoulouet al. 2004). Inappropriate school furniture continues to be an issue; 

and the use of appropriate furniture is critical to healthy child development. Inappropriately designed furniture 

results in back pain, eyestrain and poor student morale (Gouvali and Boudolos 2006). The prevalence of 

musculoskeletal symptoms among school children is increasing. Amitabha et al. (2001) who studied on Indian 

classrooms, observed the need for focusing on the furniture design for seating the students, as the majority of the 

sample was felt difficult, due to insufficient space and lack of storage provision to keep their belongings. 

Musculoskeletal symptoms have been studied among adult populations at their workplace (Carnideet al. 2006). 

Studies on seating furniture has revealed that, the mismatch between school furniture and body size as a causative 

factor for musculo-skeletal disorders and low back pain amongst school students (Legg et al., 2003). Chakrabarti 
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(1997) also stated that, one should consider appropriate anthropometrical requirements for sitting, for seat and work 

surface dimensions, legroom and clearances for getting in and out. The surrounding free movement space is important too. 

Thus arose the ergonomist’s need to treat the issue of furniture design for students, as a necessity and educational institutes 

should treat the selection of right kind of furniture as social responsibility towards the student community. This study was 

therefore taken up, to elucidate student’s opinion on the design of the furniture used. The purpose of the study was to 

examine the anthropometric match of the school furniture with the students. 

METHODOLOGY 

The study involved a collection of information on the classroom furniture and students opinion on classroom 

furniture design. A survey was therefore conducted on classroom furniture i.e. chairs, desks and benches, to determine 

whether the design of furniture was appropriate for students anthropometric. The most regularly used classrooms were 

identified to observe the design features of furniture viz., dimensions, materials and finishes and the other special 

provisions. A total of 30 students’ regularly used furniture, were selected as respondents for this research to explore the 

opinion on the design of furniture and design compatibility. An interview schedule cum observation sheet and an 

opinionnaire was used, to collect information. Anthropometric dimensions were taken to find out the mismatch between 

furniture dimensions and students body dimensions. 

Parcells et al. (1999) Scale 

The comparison between student body size and furniture dimensions was done by using the criteria of mismatch 

in Parcells et al. (1999) as follows: 

• Popliteal height and seat height mismatch: seat height >99% or < 80 % of the popliteal height. 

• Buttock popliteal height and seat depth: <80% or >99% of the buttock popliteal length 

• Knee height and desk table clearance mismatch: desk/ table is <2 cm higher than knee height 

• Elbow rest height and desk/table height mismatch: to determine accepatable elbow rest height with shoulder 

flexion and abduction (hE)- the measurements of shoulder height (hS) vertical elbow height (hEv) upper arm rest 

(U= hS-hSv) 

Ergonomic Evaluation of Seat 

The scale was organized into 5 Separate sections (4 component sections: chair adjustments, seat comfort, ease of 

use, and body support, and 1 overall comfort rating section). The scores for each section were totaled and the section scores 

were summed and an overall % ergonomic design score was calculated. 

RESULTS AND DISCUSSIONS 

For the study, different measurements of classroom furniture were taken, to evaluate it according to students. Fig 

1 shows the different dimensions of desk and bench taken for study 

Dimensions of the Desk     Dimensions of the Bench  Backrest dimensions 

1 – Height      6 – Height   9 – Height (full) 

2 – Storage space (height)    7 – Depth   10 – Length 
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3 – Width    8 – Bench slope  11 – Width 

4 – Depth 

5 – Desk top slope 

Table 1 shows the dimensions of the furniture of classroom. Regarding bench dimensions the height, depth and 

back rest height were 44.8cm, 43.6 and 58.8cm, respectively. Bench slope in seat was 50. Other side in desk height was 

72.9cm and depth was 32.5cm. In desk there was also storage space at the height of 67.84cm. Desk top slope was 750. 

Regarding beck rest dimensions; beck rest height, width and length measurements were taken 

To make the comparison between body size and furniture dimensions, mean score with standard deviation were 

calculated, and 5th and 95th percentile values were also taken. As the table shows the mean height was 126.5±5.1 cm with 

5th percentile (123.3cm) and 95th percentile (129.6cm), and eye height was 117.5±6.7cm with percentile value 5th =113.1cm 

and 95th =129.6 cm. Other side shoulder height and shoulder width dimensions were 102.6±7.9 cm and 37.6±3.1cm with 

5th percentile value (89.6 cm and 32.5 cm) and 95th percentile value (115.5 cm and 42.6 cm). Elbow height (63.8±2.6 cm), 

knee height (53.5±4.8 cm), popliteal height (45.4±4.0 cm) and buttock to popliteal height (47.8±2.0 cm) were also taken 

for the study. 

To find out the mismatch criteria between furniture and students, anthopometric dimensions of the students were 

taken. As the table 1 shows that, mean height of students was 126.5±5.1 cm with 5th and 95th percentile 123.3cm and 

129.6cm, respectively. Average eye height of students was 117±6.7cm. Big variation of dimension was found in case of 

shoulder height with 102.6±7.9cm. Elbow height of students on average base was 63.8±2.6cm. Knee height and Popliteal 

height of 5th percentile were 45.6 cm and 38.9 cm and 95th were 61.3 cm and 52.5 cm, respectively. In case of Buttock to 

popliteal height, the average was 47.8±2.0 with 5th and 95th percentile (44.4 cm and 51.1 cm). Table 3 shows the opinion 

of the student, on the comfort of each part of the furniture. Result in table shows that, regarding chair adjustment, usability 

and range of seat pan depth, usability and range of backrest recline while sitting and chair seat, back and arms adjust 

independently to allow comfortable sitting got 5.1, 4.9 and 5 scores, that represent a user experience is average for the 

furniture, further in usability and range of back height while sitting found to be at score 6.7, shows better usability of the 

furniture. Poor performance level of furniture was found in case of arm support range of adjustability, with score 3.6. On 

overall basis, chair Adjustments got 5.06 score, that shows the average comfort level of students with furniture.  

Further in seat comfort, only seat edge contour comfort (no pressure points under buttocks, thighs, knees) was 

found to be at average comfort level with score 5.2, beside this other factor got low rank and show low users compatibility. 

Armrest comfort (when sitting back and resting arms) was at unacceptable rate with score 2.1. The overall score of seat 

comfort was 3. In case of ease of use and ease of chair seat height, while sitting was at very good acceptable rank with a 

score of 7.9. Other parameters were not appropriate and users experienced low comfort. The final score on ease of use was 

4.4, which shows little comfort. Regarding body support, mid/upper back support at various recline positions (no forward 

push or fall back), was found to be good and the other parameters got low score. Lumbar (low back) support (evaluate at 

various recline positions) was found at very poor level, with a score of 1.7, it shows no comfort.  

Overall Chair Experience was found to be good with a score of 6, where the appearance of the chair and overall 

comfort of the chair was great. The overall ergonomic design score which was 4.5, shows below average users comfort. 

To find out the comparison between furniture and students dimensions, Parcells et al. (1999) scale was used, as 
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the table shows the mismatch criteria between furniture and students dimensions. It was found that measurements of 

popliteal height and seat height got 93.34% value that was fall in Parcells value which represents the match between both. 

Same result was found in elbow rest height and desk/table height (72.96cm (28.72 inches)). Besides this, seat depth (43.6 

cm) was less than buttock popliteal height (47.8 cm) and got 109.83%, which shows a mismatch between furniture and 

students dimensions. In line mismatch was found in knee height (53.5 cm) and desk table clearance (72.9 cm). 

CONCLUSIONS 

On the basis of students opinion regarding furniture (desk and table) it was found that, in chair adjustment the 

experience of users was good but in seat depth and body support, users were having low satisfaction. Regarding mismatch 

criteria it was found that, seat height of the bench was appropriate to popliteal height of the students and table height was 

comfortable to use. In case of buttock popliteal height with seat depth and knee height with desk table clearance, it was 

found that seat depth was less than buttock popliteal height and more space was available between knee and table top. 

Findings were similar to the results of other students (Parcells et al., 1999, Evan, et al., 1992). Parcells et al. (1999) found 

that, a substantial degree of mismatch exist between the students bodily dimensions and the classroom furniture available 

to them. Fewer than 20 percent of the students can find acceptable chair/desk combination. Most students are sitting in 

chair with seat that are too high or too deep and desk that are too high. Similarly, Evan et al. (1992) studied on 224 

students in four schools and evaluated the fitness between school furniture and students body size. The mismatch was 

found between thigh length and seat depth and, between seated elbow height and desk height (Evan et al, 1992). It is 

believed that, comfortable chairs and desks with functional utility matching furniture design (ergonomic design) with the 

anthropometric measurements (body measurements) of the users (Jeong and Park 1990), will provide a better learning 

environment. The results of the study highlight the extent of the ergonomic problems in school furniture and the 

anthropometry of schoolchildren, although the extent of perceived health problems resulting from the mismatched chairs 

and desks used is minimal. It is believed that comfortable chairs and desks with functional utility matching furniture design 

(ergonomic design), with the anthropometric measurements (body measurements) of the users (Jeong and Park 1990) will 

provide a better learning environment. 
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TABLES AND FIGURE 

 

Figure 1: Model Desk and Bench used for Observation in Classrooms 

Table 1: Description of measurements of desks and benches (cm) 

Measurements Measurements 
Benches  
 Height 44.8 
 Depth  43.6 
 Bench slope .50 

Desks 
 Height  72.9 
 Depth  32.5 
 Storage space ( height) 67.8 
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Table 1: Contd., 
 Desk top slope 0.750 

Beck rest dimension 
 Back rest height 58.8 
 Length 22.8 
 Width  81.28 

 
Table 2: Percentile Value of Different Body Dimension of Students (Sitting Posture) cm 

Dimension Mean score (X) 5th Percentile 95th Percentile 
 Height 126.5±5.1 123.3 129.6 
Eye height 117.5±6.7 113.1 121.2 
Shoulder height 102.6±7.9 89.6 115.5 
Shoulder width 37.6±3.1 32.5 42.6 
Elbow height 63.8±2.6 59.5 68.7 
Knee height 53.5±4.8 45.6 61.3 
Popliteal height 45.4±4.0 38.9 52.5 
Buttock to popliteal height 47.8±2.0 44.4 51.1 

 
Table 3: Student’s Opinion on the Comfort of Each Part of the Furniture 

Evaluation Criteria  Marks out of 10 Score 
A: Chair Adjustments (are these available and how 
usable are they?)  Unacceptable(0)---Average(5)--- Excellent(10)  

1. Usability and range of seat pan depth  0-1-2-3-4-5-6-7-8-9-10 5.1 
2. Usability and range of back height while sitting 0-1-2-3-4-5-6-7-8-9-10 6.7 
3. Usability and range of backrest recline while sitting  0-1-2-3-4-5-6-7-8-9-10 4.9 
4. Arm support range of adjustability 0-1-2-3-4-5-6-7-8-9-10 3.6 
5. Chair seat, back and arms adjust independently to 
allow comfortable sitting 

0-1-2-3-4-5-6-7-8-9-10 5 

 A: Chair Adjustments Score = 5.06 
B: Seat Comfort Unacceptable(0)--- Average(5) --- Excellent(10  
6. Seat pan/cushion comfort (evaluate after at least 90 
min. of sitting) 

0-1-2-3-4-5-6-7-8-9-10 4 

7. Seat edge contour comfort (no pressure points under 
buttocks, thighs, knees) 

0-1-2-3-4-5-6-7-8-9-10 5.2 

8. Backrest cushion comfort (evaluate at various recline 
positions) 

0-1-2-3-4-5-6-7-8-9-10 4.2 

9. Armrest comfort (when sitting back and resting arms) 0-1-2-3-4-5-6-7-8-9-10 2.1 
 B: Seat Comfort Score = 3 

C: Ease of Use Unacceptable(0)--- Average(5) --- Excellent(10)  
10. Ease of chair seat height while sitting 0-1-2-3-4-5-6-7-8-9-10 7.9 
11. Ease of seat pan depth while sitting 0-1-2-3-4-5-6-7-8-9-10 4.1 
12. Ease of armrest height while sitting 0-1-2-3-4-5-6-7-8-9-10 2.9 
13. Ease of backrest recline while sitting 0-1-2-3-4-5-6-7-8-9-10 3.8 
14. Ease of cleaning chair parts and materials 0-1-2-3-4-5-6-7-8-9-10 3.4 

 C: Ease-of-use Score = 4.4 
D: Body Support Unacceptable(0)--- Average(5) --- Excellent(10)  
15. Mid/Upper back support at various recline positions 
(no forward push or fall back) 0-1-2-3-4-5-6-7-8-9-10 5.9 

16. Lumbar (low back) support (evaluate at various 
recline positions) 0-1-2-3-4-5-6-7-8-9-10 1.7 

17. Seat pan support at various backrest recline 
positions 

0-1-2-3-4-5-6-7-8-9-10 4.7 

18. Armrest height support range (below thigh level to 
above seated elbow height) 0-1-2-3-4-5-6-7-8-9-10 3.6 

 D: Body Support Score = 3.9 
E: Overall Chair Experience Unacceptable(0)--- Average(5) --- Excellent(10)  
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Table 3: Contd., 
19. Overall ease of use of the chair and controls  0-1-2-3-4-5-6-7-8-9-10 5.7 
20. Overall appearance of the chair 0-1-2-3-4-5-6-7-8-9-10 5.7 
21. Overall comfort of the chair 0-1-2-3-4-5-6-7-8-9-10 6 
 E: Overall Chair Experience Score = 6.4 

TOTAL % ERGONOMIC DESIGN SCORE (%EDS) = ((A+B+C+D+E )/210) x 100 = 4.5 
 

Table 4: Mismatch Criteria between Furniture and Students Dimensions 

Measurements Observed Value Parcells et al. (1999) Value Finding 

Popliteal height and seat height 93.34% 
seat height >99% or < 80 % of 
the popliteal height. 

Match 

Buttock popliteal height and 
seat depth 

109.83% 
<80% or >99% of the buttock 
popliteal length 

Mismatch 

Knee height and desk table 
clearance 

8.7 cm (3.43”) 
table is <2 cm higher than knee 
height 

Mismatch 

Elbow rest height and 
desk/table height 

72.96cm (28.72 inches) 
hE=0.8517 hEv+0.1483hS 
(69.56 cm, 27.38 inches) 

Match 

 

 

 




