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Abstract 

Application of ergonomics in work systems and measurement of physiological cost of work helps to improve 

productivity in a work system. In the ever-evolving education system, determining the optimum teaching 

approach- whether generalist/class teaching or specialist/subject teaching using ergonomics and measurement 

of physiological cost of work is crucial in enhancing productivity of teachers, and fostering students learning 

and engagement. This paper analyzes the physiological cost of work,relative aerobic strain and energy 

expenditure among teachers involved in the two teaching strategies.The physiological cost of work of generalist 

teachers ranged from 17.5 to 23.5bpm while that of specialist teachers exhibited lower values with values 

ranging from 5.4 to 7. 4bpm.Moreso, the generalist teachers expended a higher amount of energy (5.5 to 6.7 

kcal/min) compared to their specialist teaching counterparts. The research supports a transition to the subject 

teaching approach as a potential strategy in reducing teacher fatigue and improving teacher well-being. 
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I. Introduction 

Many of the tasks carried out by workers today require physical efforts that consume a lot of energy. In 

the school system, teachers, whether class teachers (generalists) or subject teachers (specialists) also expend 

energy while executing their teaching tasks. If this expending of energy by workers is not properly managed, it 

can lead to fatigue which affects the overall productivity of both the workers and the work system. The 

importance and significance of the wellbeing of the worker in man-machine system has led to the development 

of human factor engineering, which includes ergonomics. 

Ergonomics is the science of making jobs or product fit the worker’s or the user’s anthropometric and 

physiological specifications. The international Ergonomics Association cited in Karwowski and Zhang (2021) 

defined ergonomics as the scientific discipline concerned with interactions among humans and other elements of 

the system and the profession that applies theory, principles, data and methods to design in order to optimize 

human well-being and performance. Guerrettaz (2021) also mentioned that ergonomics is an interdisciplinary 

field that seeks to understand purposeful human activity, including fields such as industry and office 

workplaces, medicine, energy systems, among others. The goal of ergonomics according to Naguib, El-Bayaa, 

El-Henawy and El-Bassuony (2023) is to optimize human wellbeing and overall system performance. 

In an educational system, ergonomics can contribute to the effective and efficient delivery of education 

through preserving teachers’ and students’ health, creating a comfortable working environment, and making 

adjustments to procedure and processes based on teachers’ and students’ abilities. The teacher and teaching 

approach are instrumental in the achievement of positive learning outcomes in the learners. Also, the 

environment for teaching and learning must be created with recourse to the needs, limits, and capabilities of the 

users. In order to comply with educational ergonomics, school administrators must create a conducive learning 

environment and take into account the health and comfort of both teachers and learners(Uche and Fanny 2015). 

This has resulted to a debate between generalist teaching and specialist teaching approaches which continues to 

shape educational policies and practices worldwide (Ejesi, 2018; Lui, 2011; Mills and Bourke, 2020; Russo, 

Corovic, Hubbard, Bobis, Downton, Livy and Sullivan, 2022). Both approaches offer unique advantages and 

challenges, and their effectiveness depends on various contextual factors such as level of education, subject 
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complexity, teacher training and school resources. Both approaches also involve the teacher’s physical 

exhaustion of energy. 

The generalist teaching approach encompasses a broad curriculum, allowing teachers to cover various 

subjects within a single classroom setting. This approach provides a holistic learning experience, catering to 

diverse student needs and learning styles. However, challenges may arise in maintaining focus and depth across 

multiple subjects, potentially leading to cognitive overload for both teachers and learners. Conversely, 

Yearwood (2011) explained that the specialist teaching approach involves focusing on a specific subject or area 

of expertise, allowing teachers to delve deeper into the intricacies of the topic. Interestingly, this approach can 

facilitate mastery learning, as teachers can dedicate more time and resources to a particular subject, promoting 

deeper understanding and retention. However, the risk of overspecialization and limited exposure to 

interdisciplinary concepts may hinder students’ ability to make connections across various domains. 

Teaching as a profession has received several changes and transitions with respect to policies and 

methodologies and such changes are usually challenging to the teacher. This can be seen during the pandemic 

period where school system switched from traditional classroom to distance learning and the transition led to the 

deterioration of teacher work-life balance, time management and other challenges associated with the use of 

computers (Yıldızoğlu and Cemaloğlu, 2023). Ergonomics plays a vital role in assessing the optimality of 

teaching approaches by considering factors such as cognitive load, physiological cost of work, exhaustion of 

energy by teachers, student engagement and relating them to learning outcomes. 

 

II. Methodology 

A total of eleven teachers was used for this study. Six were involved in generalist/class teaching, five 

were involved in specialist/subject teaching. The age of the participants ranged from twenty-eight to fifty years. 

A pulse oximeter was used to measure their heartbeat rates and oxygen intake at rest, before work, during work 

and immediately after work.All the participants were physically fit with no history of chronic pain or physical 

anomalies. 

 

Calculation of Physiological Cost of Work 

The energy expenditure(EE) per minute gotten from the heartbeat is gotten by the formula: 

Energy Expenditure (Kcal/min) = 0.159 × Average heartbeat rate(bmin-1)-8.72 

The relative aerobic strain (RAS) is given by: 

RAS = 
HBRwork−HBRrest

HBRMax−HBRRest
 

Where: 

HBRwork= Heartbeat rate while working or immediately after work 

  HBRrest= Heartbeat rate before work or resting position 

  HBRmax= Maximum expected heartbeat rate which is a function of age 

HBRmax= 220- age of participant 

The physiological cost of work (PCW) was gotten from the average of heartbeat during work and immediately 

after work subtracted by heartbeat rate at rest. 

 

III. Results 

The average PCW, RAS and energy expended for both teaching strategies are presented below 

 

Table 1:Average Physiological Cost of Work(PCW) for both teaching strategies 
DAYS PCW for 

Mrs. A 

(Class 

Teaching

) 

PCW for 

Mrs. 

B(ClassT

eaching) 

PCW for 

Mrs. 

C(ClassT

eaching) 

PCW for 

Mrs. D 

(ClassTea

ching) 

PCW for 

Miss E 

(ClassTea

ching) 

PCW for 

Mrs. F 

(ClassTea

ching) 

PCW for 

Mrs. G 

(Subject 

Teaching

) 

PCW for 

Mrs. H 

(Subject 

Teaching

) 

 

PCW for 

Mr. I 

(Subject 

Teaching

) 

PCW for 

Mrs. J 

(Subject 

Teaching

) 

PCW for 

Mrs. K 

(Subject 

Teaching

) 

Monda

y 

19.85714

286 

12.75 15.85714

26 

18.7 19.5 14.25 7.333333 4.625 4.166667 8.25 8.75 

Tuesda

y 

19.85714

286 

9.666666

7 

3.875 15.91666

67 

13.9 15.1666 5.83333 7.875 6 6.875 8.75 

Wednes

day 

19.25 9.3 3.83333 20.6 15.625 13.4 5.75 5.666667 6 8.7 4.9 

Thursd

ay 

22.642 7.833333 7.916666 17.25 17.41666

7 

11.5 3.5 4.916666

7 

6.5 5.625 7.6667 

Friday 19.8333 10.58333 8.333333

33 

13.28571

429 

17.7 14.25 4.666666

7 

5.375 6.16667 5.66667 7.125 
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Table 2: Average Relative Aerobic Strain(RAS) for both teaching strategies 
DAYS RAS For 

Mrs. A 

(Class 

teaching) 

 

 

 RAS For 

Mrs. B 

(Class 

teaching) 

 RAS For 

Mrs. C 

Class 

teaching) 

 RAS For 

Mrs. D 

Class 

teaching) 

 RAS For 

Miss E 

Class 

teaching) 

RAS For 

Mrs. F 

Class 

teaching) 

RAS For 

Mrs. G 

(Subject 

Teaching

) 

 RAS For 

Mrs. H 

(Subject 

Teaching) 

 RAS 

For Mr. 

I 

(Subject 

Teachin

g) 

RAS For 

Mrs. J 

(Subject 

Teaching

) 

RAS For 

Mrs. K 

(Subject 

Teaching

) 

Monday 20.38834

95 

13.8047 6.1011 8.541667 4.9479166

7 

9.895833 4.513888

9 

4.6875 3.125 4.166667 2.864583

3 

Tuesda

y 

20.79207

92 

10.76 4.296875 7.29166 5 10.41666

7 

5.208333 4.166666

7 

4.16667 2.864533 0.78125 

Wednes

day 

20.707 11.041 6.9444 8.958333 3.645883 9.166667 3.645833

3 

4.513888 5.55555

6 

1.875 2.708333

3 

Thursda

y 

23.055 9.1288 7.63889 7.638889 4.6875 9.375 4.513888

9 

5.208333 3.125 1.041666

7 

3.891444

4 

Friday 20.8333 12.15277

8 

10.069 6.994047

62 

3.958333 8.854166

67 

4.427083

3 

2.864583

3 

3.47222 3.472222 1.041666

7 

 

Table 3: Average Energy Expenditure (EE) for both teaching strategies 
DAYS EE For 

Mrs. A 

(Class 

teaching) 

 EE For 

Mrs. B 

Class 

teaching) 

 EE For 

Mrs. 

C(Class 

teaching) 

 

 EE For 

Mrs. 

D(Class 

teaching) 

 

 EE For 

Miss 

E(Class 

teaching) 

 

 EE For 

Mrs. 

F(Class 

teaching

) 

 

 EE For 

Mrs. G 

(Subject 

teaching) 

 

EE For 

Mrs.H 

(Subject 

teaching

) 

 

 EE For 

Mr. I 

(Subjec

t 

teachin

g) 

 

 EE For 

Mrs. J 

(Subject 

teaching

) 

 

 EE For Mrs. K 

(Subject 

teaching) 

 

MONDA

Y 

5.885285

714 

6.34525 5.44914

2857 

5.8603 5.3515 6.10675 5.166 5.37137

5 

5.1395 4.99375 4.91423 

TUESD

AY 

6.203285

174 

6.332 5.25212

5 

5.73575 5.2561 5.9345 5.4045 5.25212

5 

5.272 4.954 4.59625 

WEDNE

SDAY 

6.42475 6.2737 5.5635 6.0034 5.053375 5.92125 5.07325 5.219 5.431 4.7473 4.9381 

THURS

DAY 

6.646214

286 

6.1995 5.73575 5.78875 5.17925 5.9875 5.325 5.41755 4.9937

5 

4.73537

5 

5.06 

FRIDAY 6.3585 6.4775 6.12 5.63542 5.0653 5.94775 5.272 5.01362

5 

5.1395 5.06 4.655875 

 

From the tables, it was observed that generalist teachers exhibit a higher PCW, RAS and EE against their 

specialist teaching counterparts. Increased physical strain due to multi subject delivery accounts for a higher 

PCW in generalist teachers.  The RAS was below 30% for all participants showing that less than 30% of the 

maximum aerobic capacity was utilised for the work. 

The values of PCW, RAS and EE were analysed further using principal component analysis (PCA) and multiple 

regression analysis to determine how factors like age, heartbeat rate and oxygen consumption relate with PCW, 

EE and RAS. 

 

Table 4: Principal Component Analysis 

 
Table 4.1: Eigenanalysis of the Correlation Matrix 

 Variable PC1 PC2 PC3 

Age 0.172 -0.517 -0.779 

Heart Beat at Rest -0.165 -0.701 0.328 

Heart Beat during 

work 

0.462 -0.131 0.183 

Oxygen during work -0.385 0.143 -0.418 

PCW 0.402 0.421 -0.151 

RAS 0.456 -0.010 -0.160 

Energy Expended 0.460 -0.164 0.166 
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From the results of the principal component analysis shown in table 4 and 4.1, PC1 which is age captures the 

most variance at 61.2% and is strongly correlated to the physiological cost of work, relative aerobic strain and 

energy expended. This means that individuals with high PC1 have higher RAS, PCW and energy expenditure 

and higher heart beat rates during work with values at 0.456,0.402,0.460 and 0.462 respectively. Also, 

individuals with high PC1 values have lower oxygen intake during work. Therefore, it can be said that 

individuals with lower PC1 values have better oxygen efficiency. This is further indicated in the biplot graph 

below that shows that strongly correlated values points towards the same direction, whereas variables which are 

not strongly correlated, points to the same direction. 

 
Fig 1: Biplot of age, heartbeat at rest, oxygen during work,PCW,RAS,energy expended and heartbeat 

during work 

 

Table 4.2: Result of regression analysis for the dependent variable (Physiological cost of work) and the 

dependent variables 

 
Table 4.3: Model Summary for physiological cost of work 

S R-sq R-sq(adj) R-sq(pred) 

0.405466 99.69% 99.52% 99.14% 

 

 

Eigenvalue 4.2825 1.6102 0.6847 0.3403 0.0791 0.0031 0.0003 

Proportion 0.612 0.230 0.098 0.049 0.011 0.000 0.000 

Cumulative 0.612 0.842 0.940 0.988 1.000 1.000 1.000 

 

Term Coef SE Coef T-Value P-Value VIF 

Constant -3.7 38.5 -0.10 0.926   

Age 0.0247 0.0201 1.22 0.260 1.25 

Heart Beat at Rest -0.9626 0.0293 -32.85 0.000 1.13 

Heart Beat during 

work 

1.0679 0.0610 17.52 0.000 2.61 

Oxygen during work -0.079 0.349 -0.23 0.826 2.41 
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Table 4.4: Result of regression analysis for the dependent variable (Relative Aerobic Strain) and the 

dependent variables 

Table 4.5: Model summary for relative aerobic strain 

S R-sq R-sq(adj) R-sq(pred) 

2.86956 88.42% 81.80% 74.57% 

Table 4.6: Result of regression analysis for the dependent variable (Energy Expenditure) and the 

dependent variables 

Table 4.7 Model summary for energy expended 

S R-sq R-sq(adj) R-sq(pred) 

0.0317765 99.79% 99.67% 99.59% 

 

The multiple linear regression analysis shows that heartbeat rate during work is a strong predictor for 

the dependent variables(PCW,RAS and energy expended). Also, the model summary shows a high 

coefficientvalues of 99.69%,88.42% and 99.79% for physiological cost of work, relative aerobic strain and 

energy expenditure respectively 

 

IV. Conclusion 
This research recommends that specialist or subject form of teaching should be incorporated in primary 

schools as can be seen from results gotten from the physiological cost of work, relative aerobic strain and energy 

expenditure. Also, from an ergonomic point of view the specialist form of teaching will help to reduce fatigue 

experienced by teachers and also fostering learner’s success and academic achievements as well as the teacher’s 

wellbeing. 
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