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Abstract:  

In the attempt to provide quality education at the tertiary level, the pressure on 
educational institutions – especially the premier ones - to admit larger number of 
students has grown. Though the optimum teacher-student ratios have been discussed 
often in the context of education, the way in which class strength affects pedagogy has 
not been considered. 

This paper argues that the Sand Pile Effect, where slow increases in quantity create 
abrupt and unpredictable qualitative changes, is applicable in teaching and learning 
situations. When the number of students in the classroom increases, there are some 
critical numbers where the structure of the classroom, and accordingly, the pedagogic 
style go through abrupt changes. The pedagogic strategy tends to go through transitions 
from learner centric, to teacher centric, and then to topic centric approach, as the 
number of students in a classroom increases. The number of students in a classroom has 
implications also on the techniques, tools and the technologies used in educational 
transactions. The paper calls for data for evidence based policy making related to the 
optimum number of students per classroom and the tools of educational transactions 
available for use by teachers. 
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Introduction 

Make a pile of sand. Keep adding more sand to the 
pile. The height of the pile slowly increases and then 
suddenly there is a cascade. The height of the pile 
abruptly falls. Only to rise again as more sand is 
added. And at yet another unpredictable moment, the 
pile collapses again. The Sand Pile Effect is a 
metaphor of time evolution of many systems where 
slow increases in quantity produce abrupt qualitative 
changes: as in the structure of the sand pile.  

As the rate of flow of water in a river increases, at 
a critical velocity, whirlpools and eddies evolve. Such 
abrupt qualitative changes in response to slow 
increases in quantity, is seen in living systems also. 
Studies on colony formation by amoebae 
Dictyostelium discoiidium have shown that each 
colony has specific number of individuals. In ant 
colonies, higher castes are produced by the queen 
only after a critical number of workers is available.  

Studies on primate social organisations have also 
shown bifurcations, or splits in the tribe/community 
that often take place at critical stages of growth in 
population. Corporate management gurus have also 
indicated the criticality of number of employees in an 
organization, in a department. For example, 8 people 
in a Quality Circle.  

But so far, a study of critical numbers involved in 
the emergent properties of classrooms has not been 
done. This paper hypothesises that the Sand Pile 
Effect is applicable to the numbers of students in a 
classroom and explains / predicts such abrupt changes 
in educational systems.  

Quite often, low teacher-student ratios have been 
mooted and even advertised as an indicator of better 
educational environment. But this does not really 
indicate the ground realities of the classroom. Thus, 
though an institute might have low teacher-student 
ratio of 1:10, it is not unusual to find one teacher 
teaching 200 or more students in their classrooms. 

A Thought Experiment 

If you are pedagogue and have faced students in 
different numbers, you could do the simple thought 
experiment suggested below. 

Consider classrooms with say, 3, 5, 8, 13, 21, 34, 
44, 89, and 144 students. Would you teach your 
subjects in the same manner? 

From personal experience of teaching, I find shifts 
in my attitude when the number of students increases. 
And I am sure that it is the case with you too. 

If there are only 3 students, you will soon develop 
personal relationships with the students. It demands 



more self-disclosures and intimate social transactions. 
So by the end of the course, you know not only about 
the characteristics and peculiarities of each student, 
but also their family backgrounds.  

But with 21 students, you are a little more distant. 
Your attention shifts from the students to the subject. 
Though you may not know all the students equally 
well, you do try and meet the eyes of all the students. 
And you are aware if a particular student is having a 
doubt or difficulty in understanding. 

When 144 students are in sitting in front of you, 
there is no self-disclosure, except, perhaps, a short 
self-introduction at the beginning of the course. You 
don’t make eye contacts with all the students during 
the presentation. And you may not recognize some of 
the students if you see them somewhere else in the 
city. The identities of the students and the teacher, 
become irrelevant – and the transaction of the subject 
becomes the sole purpose. 

Thus, from being in an empowered position, as 
numbers increase, first, the students are 
disempowered from contributing to the class. And the 
teacher becomes an emperor – benevolent, dictatorial 
or ineffective. As numbers increase further, the 
teachers also become disempowered, as the topic of 
what is being taught, takes the centre stage.  

Testing the hypothesis and data 

Now, in the thought experiment above, we had taken 
a series of numbers on an ad-hoc basis. It is actually 
Fibonacci series – a series which occurs in natural 
systems – say, the number of petals in a flower. But 
there is a need to do a real experiment to find the 
actual critical student strengths at which stylistic 
shifts in pedagogic methodology do take place. This 
could help the policy makers to fix rational limits to 
student numbers in classrooms.  

The data collection need not be only from the 
viewpoint of the teacher. If you have sat in 
classrooms with different student strengths, you 
would agree that the students also tend to adopt 
different expectations. If there are 60 or 70 students in 
the class, you expect a no-nonsense lecture. If, 
however, you were one amongst three students, you 
would expect a more intimate and participatory style 
of teaching and learning. Thus, we could 
independently confirm that the changes in the 
structure and function of a classroom along with 
increasing class strengths, from the point of view of 
the student also.  

Anecdotal Corroboration 

One statistical result which supports the above 
hypothesis is a personal communication. National 
University of Singapore had undertaken the task of 

collecting data related to the assessment of teachers 
by students.  

The total score of a teacher should increase 
linearly with the number of students. But strangely 
there was no linear relationship. The total score of the 
faculty member when averaged by the number of 
students also showed wide variation from small to 
larger numbers in classrooms. There were abrupt falls 
in the judgment of the teacher-effectiveness as 
perceived by students, as the number of students in 
the classroom increased. During analysis, ad-hoc 
weights had to be given to classroom strength to make 
the data consistent. 

Functional Tools in Pedagogy  

The above result from Singapore University is 
understandable if we apply the hypothesis provided in 
this paper. But then, class strength is not the only 
variable. We must also consider other independent 
variables – tools and strategies used for transacting 
education.  

With only three students, I could do well with a 
paper pad and pen. With 20, I need a blackboard. 
With 150, I would prefer an overhead projector and a 
PowerPoint presentation. The tool that I had used to 
reach across to 22 million students in the 
Countrywide Classroom of the UGC, is television. 
Thus the teaching tools that we use are also major 
parameters in determining the structure and function 
of the classroom. The educational objectives 
achievable in different contexts also vary with the 
tools, techniques and technology used. 

In the intentional transaction of knowledge using 
the Internet, as in a Massive Open Online Course, the 
number of students may be large. But if the number of 
teaching assistants or the educational applications 
needed to engage that number is not adequate, the 
dropout rate also will be large. 

Unless the pedagogue knows how to use the 
appropriate tools, the teaching methodologies adopted 
at lower numbers may fail, as the number of students 
increase. The interaction between the teacher and 
students and the tools used in educational 
transactions, should accordingly change, along with 
critical student strengths. 

Appropriate number for Capacity Building 

Unlike the educational system where transaction of 
knowledge is taken as the primary aim and the proof 
of having learned is demonstrated in tests and exams, 
capacity building exercises have transaction of 
knowledge, skills and attitudes as primary aims and 
the proof of having better capacity is demonstrated in 
professional situations. 



A study of the capacity building exercises in the 
broadcast sector shows that internationally the 
maximum number of participants in a capacity 
building workshop is 14. From discussions with 
broadcast trainers from BBC, Radio Australia, CFI, 
DW and other organisations, it emerges that though 
they admit 14, the actual number preferred is about 
12. The institutions that organize such workshops take 
in the maximum number, since they know that one or 
two who are admitted, may not actually be able to 
make it to the workshop, thus giving the optimum 
number in most capacity building exercises. 

From personal experience as a trainer in broadcast 
sector, I have had to bend the rule of 14 in some 
countries like Sudan, Myanmar and Mongolia. 
Invariably, in all these cases, where the number of 
participants was more than 14, I behaved more like a 
teacher than a trainer. I was not able to attend to the 
needs of the participants and focused primarily on 
knowledge transaction. I could not do much to 
improve their skills or even attempt to change their 
attitudes for professional progress.  

In short, the complaint, from the leaders of Indian 
Industry, about the lack of skills among the output 
from the Indian education system, can be countered 
only if the numbers in classrooms are reduced 
drastically.  

A call for data collection 
It is true that for a country like India, with its low 
enrolment rates in tertiary education for want of 
adequate number of colleges and universities, this is 
not really feasible. However, a scientific study of 
student strengths appropriate for achieving the 
objectives of the courses under consideration, as well 
as the strategies, tools and techniques appropriate or 
necessary to meet the same educational objectives for 
larger numbers, need to be undertaken. Otherwise, in 
the heat of a political decision to provide even tertiary 
education for all would put undue and even counter-
productive pressure on the higher education system. 

Though there is enough support for the hypothesis 
from the reported experiences teachers and anecdotal 
evidence of limited data, more detailed survey and 
research is indeed called for, to detect the optimum 
classroom strengths and the use appropriate strategies 
and pedagogic tools for different educational 
objectives. This will help us to rationalise the limits 
that educational administrators put on kindergartens, 
schools colleges and universities in India.  

 
 

~ 

 
 
Indicative references and notes: 

1. Lazear, E P, "Educational Production" Quarterly Journal of Economics, 116, 777-803 (1999) 
argues that as number of students in a classroom increases, the probability of disruptions in the 
educational process increases. However, from experiences of classrooms with different class 
strengths, one should suspect that this is not a linear phenomenon. Smaller class strengths with 
greater disruption and larger classes with no disruption at all, are seen. In fact, larger classes 
inhibit disruption due to peer group pressure. 

2. Peter Blatchford, Paul Bassett, Penelope Brown, "Examining the effect of class size on classroom 
engagement and teacher-pupil interaction: Differences in relation to pupil prior to attainment and 
primary vs. secondary schools" Learning and Instruction 21, 715-730 (2011) notes that 
classroom engagement decreases in larger classes.  

3. The criticality of Pupil Teacher Ratio, Empirical Evidence from 766 Lower Primary schools of 
North East Karnataka by Azim Premji Foundation argues that schools with Pupil-Teacher Ratio 
of more than 30 generally do worse than schools with higher ratio.  

4. Joshua D Angrist, Victor Lavy, "User Maimonides' rule to estimate the effect of class size on 
scholastic achievement", The Quarterly Journal of Economics May 1999 533-575 provides data 
to show that reducing class size induces a significant and substantial increase in test scores for 
fourth and fifth graders, although not for third graders. 

 
 
 
 
 
 
 



If you are a student or a teacher, please volunteer to help us to detect the critical numbers 
in classrooms. Answer the following questions. 
 
If you are a teacher -  
What age group do you teach?  
What are the numbers that you have to handle in a classroom?  
What according to you is the optimum number of students in a classroom?  
What are the pedagogic tools that you normally use?  
 
As a student -  
What class strength do you prefer?  
What according to you is the optimum number of students in a classroom?  
What tools do the teachers use? 
 
If you are an educational researcher, could you please collect such data, analyse it, and 
present it for enabling informed decision making?  
 


