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This report is intended to document beliefs that engineers working as senior high school 
teachers have in Mexico. Documents come from the analysis of answers provided for 
two tasks contained in a questionnaire: one of them is marking statements as true or false 
in relation to the derivative function; the second one is about solving different problems: 
calculation of derivative of piecewise functions and the calculation of maximum and 
minimum of a polynomial function. Results show the strengths, quasi-logical relations 
and grouping which are verified in their system of beliefs and knowledge. 
 
Keywords: beliefs system, teachers, derivative 
MESC Classification: C20, I40 
MSC2010 Classification: 97C20, 97I40 

 
 

1. INTRODUCTION 
 
When revising some differential and integral calculus junior high school programs, it 

has been found that there is a tendency to develop the use of techniques. Likewise, 
teachers’ objectives are aimed at algorithm memorization and mechanical application 
(Cuevas, 2005). Besides, international tendencies observed in educational evaluations 
prioritize student’s thinking and reasoning processes. Calculus teaching should not 
remain unaware of such tendencies. For example, in the case of derivative functions, it 
could be possible to emphasize the concept of rate of change in order to move on to 
instant speed concept without formalizing the limit concept, which requires the use of  
and . However, are calculus teachers capable of such reflections? Are they able to 
distinguish between two different approaches to the teaching course? Do they have 
enough knowledge to build the concept? Are they able to identify the different 
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interpretations definitions? Are they aware of their exact nature? How much do they 
really know? Do they understand and interpret ideas correctly? This is precisely what we 
are interested in finding out: their beliefs and knowledge. This document particularly 
reports those possessed by a teaching community of engineers working at a high school 
level. It is as well important to mention that in Mexico there isn’t an institution dedicated 
to the formation of teachers at senior high school level, therefore, at such levels, 
professionals who have been formed in normal schools, universities or technological 
institutes are authorized to teach, being engineers mostly the ones formed in the last two. 

Herein we study such teachers’ beliefs and knowledge considering that a correct 
interpretation of these items provides elements that help to understand the attitudes, 
answers and values adopted and promoted by teachers in the classroom; as well as 
valuable elements for the design of adequate intervention projects for their teaching 
formation. When these items are adequately researched and valued, they might become 
the most important in educational research (Pajares, 1992). Currently that importance is 
being shown in Mathematical Education (Putnam & Borko; 2000; Philipps, 2007; Maaß 
& Schlöglmann, 2009). Besides its diversity (Thompson, 1992; Houston, 1990; Leder. 
et.al., 2002; Lester, 2007; Calderhead, 1996; Shulman, 1990; Leatham, 2006), advance in 
this line of investigation is undeniable. However, identifying these in specific areas is still 
an important pre requisite, mostly in relation to the central concepts that are contained in 
the curriculum of scholar mathematics in order to change and improve teaching in 
schools (MaaB & Schlöglmann, 2009). The importance of this research lies there, which 
is accounted for here; especially on the concept of the derivative function in a community 
of teachers made up by engineers and which we call teaching community.  

 
 

THEORETICAL FRAMEWORK 
 
Given the nature of the concept of the derivative function, the cognitive nature of the 

beliefs and knowledge that take part in this research, our theoretical framework lies in 
mathematics as well as philosophy. Regarding mathematics we consider the definition of 
the derivative function as  
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and its interpretations limited to instant rate of change and slope of a straight line tangent 
to a curve at a point. As for philosophy, we set apart belief and knowledge considering 
that the first is influenced by the sensitive or perceptive “part” of a subject, while 
knowledge is influenced by its cognitive “part.” Apart from this, we consider that more 
than a particular belief, we are referring to systems of beliefs that have their own logical 
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structure. Resorting to Green’s (1971) metaphor and taken by Leatham (2006) we 
recognize three dimensions in those systems: the quasi logical relation, the psychological 
force and the cluster grouping. The first one refers to the distinction between primary and 
derived beliefs, the second one distinguishes between central and peripheral beliefs and 
the third one emphasizes the isolated inexistence of beliefs. We believe that the 
knowledge system behaves in an isomorphic way. Finally, in this framework we make a 
final consideration to identify belief from knowledge and to do so we part from the 
possibility that the belief can be true or false, but if we add a justification or evidence of 
the truth presented by the subject to the true nature of the belief, then we can say that it 
acquires the status of knowledge. 

 
 

METHODOLOGY 
 
Considering that one of the ways in which systems of beliefs and knowledge come out 

is at a declarative level, we used the survey method in order to investigate them and for 
that purpose we designed a questionnaire that includes two types of task: grading of 
sentences with true or false values, which permits to explore beliefs and knowledge that a 
subject has about the derivative and its relation with the performance of a function. Two 
examples of these are: if a function  is continuous in then is continuous 
in . If a function is continuous in then can be derived in . The 
correct answer requires the subject to know well at least the meaning of derivative and its 
geometrical interpretation as slope of a straight line tangent to a curve at a point. The 
second task, problem solving,  is intended to explore how these beliefs and knowledge 
perform in the calculation of derivatives; particularly the definition and its meaning when 
recognizing derivability as a property of a function relating to a point. The functions for 
which calculation of derivatives is asked are defined by jumps. Both functions are 
continuous; the first one is 
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Finally, in the second problem subjects are asked to calculate maximum and minimum 



Chávez, Miguel Díaz  252 

values reached by the function   

1
2
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2
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in the interval . This problem is meant to explore beliefs and knowledge teachers 
have about the reasoned use of criteria related to maximum and minimum values. This 
last task was designed to detect implicit teachers’ theories (Vila & Callejo, 2004).  

]4,4[

The questionnaire was used with six engineers who teach calculus at senior high 
school level. Two of them studied at university (U1 and U2), one having five years of 
experience teaching the course and the other eight; other two have studied at Instituto 
Politécnico Nacional or National Polytechnic Institute (I1 and I2), one of which has 
fifteen years of experience teaching the course and the other just two; the rest studied at 
Tecnológico Regional de Toluca or Regional Technologic School of Toluca (T1 and T2), 
one of them has eleven years of experience and the other five. The questionnaire was 
used in three different venues (Toluca, Cuautitlán Izcalli & Chalco) and during exam 
administration the intention was not to create an environment that avoided teachers 
feeling subjects of an evaluation; it was also assured that they had enough time for 
answering it. Answers to the first task were concentrated in table 1 and all the answers of 
each teacher in individual belief maps (see Chart 1). From there, the corresponding 
analysis, which is qualitative, was carried out. 

 
 

RESULTS 
 
The first thing that stands out in table 1 is the lack of consensus in the answers 

provided by the community in all the items as well as the absence of evidence that 
supports their truth. This situation implies the lack of knowledge, which leads us to talk 
about beliefs instead. True and false beliefs can be observed right there. Regarding true 
beliefs, the strongest one has to do with the fact that derivability of a function in an 
interval  implies the continuity of the function in the same interval; however, we 
must be very careful since it lacks of an argumentation about the answer, it is possible 
that the strength lies in their memory rather than in careful thinking, this is evident when 
the derivative of functions defined by jumps is calculated. Another very strong true belief 
as well is: If a function is derivable and if

],[ ba

f 0)(  af and 0)(  af , then has a 
maximum at

f
ax  . This affirmation which is generally regarded as criterion of the second 

derivative in order to calculate maximum and minimum values of a function is probably 
based in the frequency of its usage. It will be observed later how little it has understood in 
the solution paths provided to the problem of calculating maximum and minimum values 
of a function. This fact shows well that there is a warm coexistence, even between 
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contradictory beliefs, quasi logical relations, in the system of beliefs of the subject. 

Table 1. Answers provided to task one 

Teacher  
Statements 

T1 T2 U1 U2 I1 I2

1 If a function f is derivable and if  f’(a)=0 and f’’(a)0; 
then f has a maximum or a minimum at x=a. 

f f f t f t 

2 
If a function f is derivable and if  f’(a)=0 and f’’(a)=0; 
then f has neither a maximum nor a minimum at x=a. 

f f t f t t 

3 
If a function f is continuous and has a maximum at x=a, 
then f’(a) exists and is zero. 

t f f t f t 

4 
If a function f is derivable at x=a, it has a maximum at 
x=a, then f’(a)=0 and f’’(a) exists, and  f’’(a)<0.  

f t f t t f 

5 
If a function f is continuous on  ,a b , then  f’ is 

continuous on  ,a b . 
t t t t t t 

6 
If a function f is derivable on  ,a b , then f is continuous 

on  ,a b . 
t t t t f t 

7 
If a function f is continuous on  ,a b , then  f’ is 

derivable on  ,a b . 
t f t t t t 

8 
If a function f is increasing on  ,a b  then f’(x)>0 for all 

values of x on  ,a b . 
t t f t t f 

9 
If a function f is decreasing on  ,a b  then f’(x)<0 for all 

values of x at  ,a b . 
f t f t f f 

 
The last true belief that this community has is about the falsity stating that if a function 
 is derivable at f ax   it has a maximum at ax   then 0)(  af  and exist, 

and . Here it is not possible to specify if its origin lies in the consideration of 
exceptions, citing one, the function f hich satisfies all conditions except that 

( af th regard to the strength that this false belief has about this statement, we 
have the following hypothesis. Since the first affirmation of the task and this last one 
have the same logical structure almost with the same arguments in a reciprocal sense and 
the first one turned out to be true, and then the reciprocal “must” turn out true, which is 
not necessarily true. Our hypothesis also has to do with this linear way of reasoning, 
which is very frequent in mathematics class; this can also be observed between 
statements 6 and 7, the common exception here that shows the falsity of this assertion is 
the function . This type of thinking can also be observed in the answer 
provided to statement 5. Probably this fact is related to reversibility of thought. Linearity 
of thought and lack of analysis keep subjects from getting to the falsity of the statement. 
Finally in this task, other strong but wrong beliefs are the last two, which have to do with 
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the increment and decrement of a function. It is very likely that the teacher doesn’t 
consider functions of the type for instance.  3)( Axxf 

As for the task of problem solving, calculation of the derivative of functions defined 
by jumps shows an isomorphic solution path consisting of the use of derivation rules 
independently for each of the expressions, each of them with its own definition interval, 
which is omitted in some paths.  

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
In others it is copied exactly as it is after obtaining the derivative formula.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In one of the paths it is possible to observe the use of graphic notes.  
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In relation to the problem of maximum and minimum values, solution paths show 
again that the use of techniques exceeds evidence; observe the path on the right.  
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The path on the left shows the incorrect belief that a maximum or minimum of a 

function only exists when a change from increasing to decreasing happens in the function 
which is associated to a change of the sign of the derivative.  

 
 

CONCLUSIONS 
 
Starting from the fact that none of the engineer-teachers answered all of the questions 

of the questionnaire correctly; and considering that neither the answers of the complete 
number of studied subjects nor the teaching communities’ are agreed and also considering 
that the differences in the answers and in the solution paths are at times deep. It can be 
stated that the community has a series of encased ideas working in an isolated way and 
sometimes contradictorily, which more than forming a system of knowledge ruled by the 
truth of beliefs supported on evidence, they form a system of beliefs in the community.  

We can assert that knowledge pertaining to the community is highly scarce, it is more 
a set of beliefs in the subject, this set has its origin in professional formation and is 
developed and strengthened through time thanks to the tradition it has established in its 
course above taught knowledge, above the objects where such knowledge is studied as an 
enlightening object of ideas and facts, above the examples in which those beliefs are 
perfectly demonstrated and settled, above the absence of exceptions.  
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Chart 1. Map of beliefs of engineer-teacher T1 
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This keeps away situations that can eventually promote reflexive analysis and 
questioning about their truth. In reality, the engineer-teacher lacks a system of knowledge, 
we can mention some isolated ideas which are not connected to each other and that work 
in local situations with freedom and agility, we can talk about the knowledge of 
algorithms which work well in learned examples that are reproduced synchronically, 
strengthened by habit but which overlook the exploration of new situations that provoke 
thought revolutions. This system of false beliefs is shown as a strong system in the 
teaching community and even though there are contradictions between the beliefs, they 
coexist without conflict. It is a strong system where a cluster of derivation rules, theorems 
that allow the solution of familiar problems, among others, can be identified. There are 
quasi logical relations among clusters, which are verified apparently in contradiction to 
external logic, the important thing is the logic that subjects attribute to it for themselves in 
that moment and in that situation.  

 
 

DISCUSSION 
 
Finally we can assert that the engineer adopts, builds and organizes his beliefs in a 

system and those beliefs appear to be mostly false or limited in the light of this research, 
such system then requires to be researched deeply in order to explain how and why they 
are formed; on the other hand, this system in which we have identified true and false 
beliefs, their relations and associations, requires to be taken over in order to make it move 
on to a system of knowledge by means of appropriate projects.  
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