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ABSTRACT 

The concept of concavity and inflection points in calculus are critical for a complete understanding of behaviour, 

making them important.The calculus concepts of concavity and inflection points are often given meaning 

through the shape or curvature of a graph. However, there appear to be deeper core ideas for these two concepts, 

though the research literature has yet to give explicit attention to what these core ideas might be or what it might 

mean to “understand” them. I am introducing simpler method for revealing the true inflection point of data that 
contains and concavity, convexity with extremum.  
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INTRODUCTION 

At the level of calculus, and beyond, the twin concepts of concavity and inflection points are essential 

components of a complete understanding of function behaviour. As such, several researchers have begun to 

examine how students think about these two concepts (e.g., Baker, Cooley, & Trigueros, 2000; Gómez & 

Carulla, 2001; Tsamir & Ovodenko, 2013). The way these concepts have been studied, as well as how they are 

often portrayed in textbooks, is usually deeply connected to graphical interpretations and meanings of the 

concepts (e.g., Baker, Cooley, & Trigueros, 2000; Stewart, 2014). Yet, on occasion, calculus education 

researchers seemed to have acknowledged other important interpretations or meanings of these concepts. For 

example, Tsamir and Ovodenko (2013) discussed how students used symbolic representations, including    

and , to define and reason about the two concepts, and Berry and Nyman (2003) described teaching 

activities that develop these two concepts through physical movement. Furthermore, Carlson, Jacobs, Coe, 

Larsen, and Hsu (2002) explained how covariational reasoning is deeply connected to making sense of function 

behaviour, which is closely linked to concavity and inflection points. All of this research has given us important 

information on how students use concavity and inflection points in activities like graphing.Like the research 

literature, calculus textbooks also tend to focus on graphical interpretations of concavity and inflection points 

(e.g., Hughes-Hallett et al., 2012; Stewart, 2014; Thomas, Weir, & Hass, 2009). However, despite the heavy 

graphical treatment of the concepts, they are frequently given definitions through non-graphical language. For 

example, Thomas et al. (2009) define concavity based on whether “  is increasing [or decreasing] on Interval, 

and in Foerster (2010),concavity is defined by the sign of the second derivative. Even though these books 

subsequently focus on graphical meanings in their treatment of the concepts, we see hints at other ideas for 

concavity and inflection points beyond just the shape of a graph. However, I propose by using the sign of the 

second order derivative at a critical point to discover whether the function  has a maximum or minimum at that 

point. For drawing the necessary conclusion, regarded  as the derivatives of the function  and theapplied the 

first derivative test. I shall now use the monotonicity considerations of  to draw another conclusion, which 

would give us an idea about the shape of the graph of the function . I shall use the second derivative to 

determine the type of graph, the given function  has. I shall assume that the function  is twice differentiable in 

its domain. I begin first by showing how the sign of  is related to whether the graph of  is rising or falling. 

Increasing function and Decreasing function 

Increasing and strictly increasing 

Let a function  be defined on an interval  and let . Then  is said to be increasing on  if 

. And  is strictly increasing on  if  whenever . 

Decreasing and strictly decreasing 
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Let a function  be defined on an interval  and let . Then  is said to be decreasing on  if 

. And  is strictly increasing on  if  whenever . 

Theorem- (Monotone Function Theorem) 

Let  be differentiable on the interval . 

 Then  

(i)  on  is strictly increasing on . 

(ii)  on  is strictly decreasing on . 

Proof: 

(i) Let  be two distinct points in  and . 

Since  is differentiable on  therefore  is continuous on . By mean value theorem, we 

can get a number  in  such that , 

and ……………(1) 

Since  for all , therefore . Also  

Then  

 i.e. if  such that , then . 

Hence  is strictly increasing on . 

(ii) Let  be two distinct points in  and . 

Since  is differentiable on  therefore  is continuous on . By mean value theorem, we 

can get a number  in  such that , and 

……………(1) 

Since  for all , therefore . Also  

Then  

 i.e. if  such that , then . 

Hence  is strictly decreasing on . 

Note: 

If  in , then  is constant in . 

(1)  in an interval, then  is increasing in that interval and  

(2)  in an interval, then  is decreasing in that interval. 

Hence  is called critical number, where  or  does not exist. 

First derivative test for an extremum 

Step-1: 

We have to find critical numbers  for the continuous function , such that  is defined and either  

or  does not exists. 

Step-2: 

(i) The point  is a relative maximum if  for all  and  for 

all . 

(ii) The point  is a relative minimum if  for all  and  for 

all . 

(iii) The point  is not an extremum if  has the same sign for all  and  

on each side of . 
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Exp- 

Using first derivative test, find the relative maximum and relative minimum if any at the given critical numbers 

of the function  defined by  at . 

Solution: We have 

 

. 

 

 

 

. 

In this case, if  i.e., for all  in the interval to the left of  or  i.e., for all  in the 

interval to the right of . 

Case-1: 

 and  

 has same sign for all  in and  on each side of 1. 

 i.e.,  is not an extremum. 

Case-2: 

 and  

 The point  i.e.,  is a relative minimum. 

Concavity and Inflection points 

Concave: 

If the curve is below from the tangent line at a point of the curve then curve is called concave. 

(1) Concave upward (Convex downward) 

(i)  , 

(ii)  

(2) Concave downward (Convex upward) 

(i)  

(ii)  

Inflection point: 

(i) Find . 

(ii) Find the value of  which satisfy , here . 

(iii) Either above value of  is a point of inflection are not. 
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(a)  changes sign at . 

(b)  or  odd power derivatives exist but should be non-zero at .  

If   then . 

 

 

 

 

 

 

 (+, -) 

 

 Concave up point of inflections 

 

 Concave down 

 (+, -) 

 

 

Example:  

Find Point of inflection  

Sol: 

Given that  

Then  

Again,  

For concave up ward:  i.e.,  

.                                    

 

 

 or . Concave upward in . 

 -3   -2 -1 0    1   2    3  

For concave downward:  
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i.e.,  

 

 point is . 

For the point of inflection: 

 i.e.,  and   

Or  again  

 They both have points inflection  and . Then  at  and  

at . 

CONCLUSION 

In this paper, I have shown that despite the heavy graphical emphasis on concavity and inflection points, these 

concepts may have more important core meanings than as the “shape of a graph.” What the core ideas are has 

important ramifications for the teaching and learning of these concepts, and how we view, understand, and 

address student difficulties. 
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