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Abstract 

The present investigation allowed the development of a mathematical model that 

characterized the association between cognition and motivation in engineering 

students of the University of Cartagena. The sample consisted of nine hundred and 

fifty (950) students of the engineering faculty between years 2014 and 2016. The 

Self-Regulation Inventory for Learning (SRLI) designed by Lindner, Harris and 

Gordon was the instrument used to collect the information, which was validated by 

Cronbach's Alpha. 

The adjusted mathematical model was selected by linear regression between the 

variables cognition and motivation for students with aged between 17 and 25 years. 

The mathematical model that best fitted the sample data was: reciprocal of y- 

natural logarithm of x which had a value of high statistical significance (p = 0.000) 

with a confidence level of 95%, correlation coefficient of R= -0.9903050 y R2= 

98.07%. 

Normality was verified by the Shapiro-Wilk test (0.7801), the independence of the 

residues by Durbin-Watson (0.7983) and the Homocedasticity by the F-Fisher 

(0.6874). 
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Introduction 
 

The stimulus or incentive and the expectations of success are fundamental elements  
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that allow the student to achieve their academic achievement. That is, the incentive 

is the attractiveness that allows the student to achieve success in a specific task, 

Atkinson (1957, 1964) 1,2. The motivation for Beltran (1993) 3, Fong et. al 

(2018) 4 y McClelland (1989) 5 is conceived as the fundamental axis that directs 

the behavior of the individual and that is capable of generating changes in his 

behavior. In addition, it is related to processes of activation, execution, direction 

and persistence of the behavior. In the same way for Lepper (1988) 6, a motivated 

student is more willing to use significant mental effort during the execution of a 

task or academic activity. In addition, it is able to commit itself to process 

information in a more dynamic, rich and elaborated way using much deeper and 

more effective learning strategies. For Pintrich and De Groot (1990), a student who 

possesses motivating elements that allow him to be interested in tasks and academic 

activities, is a reflective student who knows and regulates his cognitive strategies 

7.  

 

Others consider it essential to integrate both elements that allow the development 

of adequate models that can explain the learning process (Blumenfeld et al., 1982 

8; París et. al., 1983 9; Pintrich, 1989 10; Fong et. al.,2017 11). The 

Inventory of Self-Regulation of Learning 12, 13 consists of 80 questions in which 

20 of them correspond to each scale (executive, cognitive, motivational and 

environmental control). The motivation scale is associated with the processes of 

attribution, goal orientation and personal motivation. The cognitive scale evaluates 

the processes of attention, storage and retrieval of data. Authors such as Gómez 

(1998) 14 and Aravena (2001) 15, consider that the inclusion of mathematical 

modeling in learning processes fosters the development of skills and competences 

in students, allowing them to perform efficiently in the context in which unfold. 
 

In addition, it is important because students put into practice the knowledge 

acquired in the classroom during their academic exercise. Likewise, modeling as a 

new learning strategy allows the student to identify the connection between 

mathematics and other areas of knowledge, allowing them to approach the solution 

of contextual problems (Hitt, 1998; Sierpinska, 1996) 16, 17, 18. In the present 

investigation a probabilistic mathematical model was constructed that characterized 

the association between motivation and cognition in the engineering students of the 

University of Cartagena, making use of the instrument designed by Lindner, Harris 

and Gordon known as Inventory of Self-Regulation of Learning 12, 13. 

 

Materials and Methods 
 

Population and sample size: The study participants were regular students of the 

fourth semester of the programs of Civil Engineering, Systems, Chemistry and Food 

of the University of Cartagena. Of the total, 75% were male and 25% female. The 

ages of the students were between 17 and 25 years old. To estimate the size of the 

sample when it comes to a finite population of less than 100,000 individuals is 

calculated according to Lopez et al. (2018) [19] by equation (1):  
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 n =
σ2npq

e2(N−1)+σ2pq
                                                                                                              (1)  

 

n: Number of elements that the sample must have; σ: Level of confidence or risk 

chosen; p: Probability that an element is selected (% estimated); q: Probability that 

an element is not selected (q = p); e: Error allowed; N: Number of population 

elements. 

 

Variables, phases and reliability of the test: The variables used in the research 

were classified into two (2) categories (independent and dependent): a) Independent 

variables: Student motivation. Measure with the motivational scale of the SRLI b) 

Cognition. Measure with the Cognitive scale of the SRLI. 

The above variables were measured with the Instrument Self-Regulation Inventory 

of Learning (SRLI) designed by Lindner, Harris and Gordon [12, 13], which 

consists of 80 statements rated on a scale of 1 to 5 on the Likert scale.  

The research was carried out in three (3) phases: In the first, the average scores by 

age, obtained by the students in each of the scales, were tabulated. In the second, a 

linear regression was made to evaluate which of all the models had the highest 

coefficient of determination R2, better statistical significance and lower error. In the 

third, the mathematical model best suited to the data obtained was defined. The 

instrument was validated as reported by Lindner, Harris y Gordon (1993,1996) [12, 

13]. To determine the reliability of the test the internal consistency was determined 

using the Cronbach Alpha [20].  

 

Reliability of the test: a) Association between variables: To define the association 

between the variables, a linear regression was made evaluating the correlation and 

determination coefficients. b) Normality of the residuals: to guarantee that the 

residuals correspond to a normal distribution, the Shapiro-wilk test was done [21] 

where the p-value must be greater than 0.05 (p>0.05). c) Residue Independence: To 

ensure that there is no autocorrelation (independence) in series of residues, the 

Durbin-Watson test was done [22], which was checked with the p-value, which 

guarantees this independence as long as it takes values higher than 0.05 (p> 0.05) 

d) Homocedasticity: It was evaluated by the Fisher's F statistic [23]. 

 

Mathematical Model: The proposed mathematical model will allow to 

characterize the student's cognition as a function of their motivation according to 

the theory of Lindner, Harris and Gordon [12, 13]. 

 

The variables of the model are: Student motivation (MS) as an independent variable 

and cognition (CS) as a dependent variable. Where: x: Student motivation by age 

(MS / age) and y: Cognition by age (CS /age). The mathematical model was defined 

using the data in Table 1. 
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Table 1. Score obtained by students for motivation and cognition according to the 

SRLI. 

 
 

 

 

Age 

 

 

Motivation 

 

Motivation/ 

age 

 (x) 

(MS/age) 

 

Cognition 

Cognition/

age 

(y) 

(CS/age) 

 

 

Ln (x) 

 

 

1/y 

17 66 3.88 73 4.29 1.356 0.233 

18 71 3.94 74 4.11 1.371 0.243 

19 68 3.58 72 3.79 1.275 0.264 

20 71 3.55 76 3.80 1.267 0.263 

21 69 3.29 72 3.43 1.191 0.292 

22 71 3.23 71 3.23 1.172 0.309 

23 74 3.22 78 3.39 1.169 0.295 

24 67 2.79 69 2.88 1.026 0.347 

25 68 2.72 70 2.80 1.000 0.357 

 

 

Statistic Analysis: The first model that was adjusted was made by linear regression. 

Their statistical data are shown in Table 2 and were made using the statistical 

software Statgraphics Centurion XVI. 

 

 

                              Table 2. Statistical data of the initial model 

 

Simple Regression Statistics (MS-CS) 

P-value of the model 0.0000  

Coefficient of determination (R^2) 97.2805 %  

Correlation coefficient (R) 0.986309 

Intercepts and coefficients Coeficientes P-value 

Interception -0.462768 0.1110 

Solpe of Variable CS 1.18824 0.0000 

 

With this same software we identify the linear model that showed the best statistical 

results among many others. The model with statistical significance (p <0.05) and 

with the highest coefficients of correlation and determination was chosen. The tests 

of goodness of fit to evaluate normality, independence of residues and 

homoscedasticity were made by Shapiro-wilk, Durbin-Watson and F-Fisher which 

yielded the following values: 0.780113, 0.7983 and 0.687476583 respectively. This 

means then, that the data come from a normal distribution, there is independence in 

the residues (there is no autocorrelation) and homoscedasticity exists at a 95% 

confidence level. The linear regression graph of the linearized model: reciprocal of 

y (CS/age)- natural logarithm of x (MS/age) it is shown in Figure 1. The selected 

model and its statistical data are shown in Table 3. 
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Table 3. Statistics of the adjusted mathematical model: Reciprocal of y- natural 

logarithm of x 

 

Simple regression statistics for the adjusted model (Reciprocal of y-lnx) 

P-value of the model 0.0000 x: MS/age 

y: CS/age Coefficient of determination (R^2) 98.07% 

Correlation coefficient ( R) -0.990305  

Intercepts and coefficients Coeficientes/Statistic P-value 

Interception 0.686001 0.0000 

Slope of Variable CS -0.329687 0.0000 
 

 

 

 
 

Figure 1. Graph of the adjusted regression model: Reciprocal of y-natural logarithm of x. 

 

 

Table 4 shows the confidence and prediction limits (forecast) for the adjusted 

mathematical model and the real variables MS / age (x) and CS / age (y). 

 

Table 4. Confidence and prediction limits for the adjusted model. 

 

Variables Limits Prediction 

95% confidence 

 Limits Confidence 

95% confidence 

Independent Predicted Lower  Upper  

 

Lower 

 

Upper 

x Ln x y 1/y y 1/y y 1/y y 1/y y 1/y 

2.720 1.00 2.808 0.356 2.672 0.374 2.958 0.338 2.733 0.366 2.887 0.346 

3.940 1.371 4.274 0.234 3.977 0.251 4.619 0.216 4.123 0.243 4.437 0.225 
 

 

Results and Discussion: 
 

The reliability of the test was made with Cronbach's alpha 20 (α) for each scale. 
This gave the following results: Motivational Scale: 0.93 (measures student motiva- 

Plot of Fitted Model

CS/age = 1/(0,686001 - 0,329687*ln(MS/age))
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tion); Cognitive Scale: 0.89 (cognition processes); Executive Scale: 0.89 (measures 

the execution of the task); Scale Environment Control: 0.93 (use of available 

resources). These values represent a high internal consistency. The linear model 

shown in Table 2 is not chosen because one of the coefficients has no statistical 

significance (p> 0.05). Therefore, the best model that fits the data and that has the 

best parameters of statistical significance is chosen, being chosen: Reciprocal of y-

natural logarithm of x, which is indicated in Table 3 and equation 5. Now, the basic 

linearized model is: 

=a+b (2);   Where:   = (
1

𝑦
)  (3);     = 𝑙𝑛𝑥    (4)   

⟨
1

𝑦
= 𝑎 + 𝑏 ∗ 𝑙𝑛𝑥  (5)⟩    (linearized equation best fitted model) 

 

Taking the data from Table 3 and replacing them in equation 2, taking into account 

equations 3,4 and 5, we find the final equation of the model after applying the 

corresponding mathematical laws, leaving the model as follows: 
 

⟨𝑒
(

1

𝑦
−𝑎)

= 𝑥𝑏  (6) ⟩  Where: a = 0.686001; b = -0.329687; e = 2,71828…; 

                                                    x: MS/age;  y: CS/age 

 

Figure 2 shows the graph of equation (6), indicating that there is no linear 

relationship between motivation and cognition in engineering students. 

                                    

 

 

                                                

 

 

 

                                    

 

Figure 2. Graphical representation of equation 6. 

 

In Table 3 it can be seen that there is high statistical significance for the model: 

reciprocal of y-natural logarithm of x (p <0.05). This statistical significance 

between Motivation and cognition makes it possible to identify that the engineering 

student is an incentivized student, stimulated and with expectations of success who 

achieves his academic achievements with relative ease. In the same way, the student 

conceives of motivation as a fundamental axis that directs his behavior changes and 

that allows him to achieve his goals where the processes of activation, execution, 

direction and persistence are fundamental. In this way they are met the postulates  
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of Atkinson (1957, 1964) 1,2, Beltrán (1993) 3, Fong et. al (2018) 4 and 

McClelland (1989) 5.  

 

Also, the postulates of Lepper (1988) 6 are fulfilled since the engineering student 

of the University of Cartagena is a motivated student who uses a significant mental 

effort during the execution of his activities, academic and laboratory tasks. 

Likewise, it can be identified that the motivating elements that teachers use in the 

classroom manage to awaken interest in students to advance tasks and academic 

activities in a more analytical, reflective and using their own cognitive strategies 

thus fulfilling the postulates of Pintrich and De Groot(1990) 7, Blumenfeld et al 

(1982) 8, París et. al (1983) 9, Pintrich (1989) 10 and Fong et. al (2017) 11. 

On the other hand, it was found that the inclusion in the teaching-learning processes 

of mathematical modeling promotes the development of skills, skills and 

competences in students allowing them to perform efficiently in the context in 

which they are developed by putting into practice the knowledge acquired in class. 

In this way, the student identifies the connection between mathematics and other 

areas of knowledge, also fulfilling the postulates of Gómez (1998) 14, Aravena 

(2001) 15, Hitt (1998) 16   y Sierpinska (1996) 17. On the other hand, the 

results show the possibility of defining strategies and intervention methods for those 

students who have difficulties in their learning process related to motivation and 

cognition. 

In addition, according to what is observed in figure 2, there is a critical point in (MS 

/ age) x = 8, that is, this is a special case where attention must be focused since 

cognition goes up and down at the same time abruptly to infinity. These results 

indicate that there are engineering students from the University of Cartagena who 

have high cognitive levels while others have low levels. These low levels may be 

due to intrinsic, extrinsic or family factors. On the other hand, according to the data 

in Table 1, the range of values for MS / age is: (74/23) 3.22MS/age 3.88 (66/17). 

This means that it is not possible to reach a relationship for MS / age = 8 unless it 

is a gifted child who enters the University at the age of 8 years and gets 66 points 

on the test. It is also possible to achieve this value for x = 8 if the student manages 

to obtain a score of 100 points on that scale and also enter with an age of 12 years. 

Table 4 shows the forecast values for CS / age using the adjusted model: inverse of 

y-lnx. The prediction and confidence intervals are also indicated for x = 2,720 and 

x = 3.940. These can be seen in the graph of Figure 1. This means that when 

applying the test again to engineering students we will obtain for the first 

measurement (x = 2.720) prediction limits between 2.672 and 2.958 and confidence 

limit between 2.733 and 2.887. Likewise for the second measure (x = 3.940) the 

prediction limits are 3.977 and 4.619 and the confidence limits 4.123 and 4.437. 

That is, the scores obtained would be in the aforementioned ranges. 

 

Conclusion 
 

Based on the analysis as above, it is concluded as follow: There is a statistically 

significant relationship between cognition and motivation in engineering students  
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at the University of Cartagena at 95% confidence level according to the adjusted 

mathematical model:Reciprocal of y-lnx, with a correlation coefficient of -

0.990305 and a coefficient of determination of  98.07%.  That is to say, 98.07% of 

the changes in the student's cognition are explained by the changes in their intrinsic 

motivation resulting from motivating elements coming from the innovative 

teaching activity that is articulated with academic activities of an analytical and 

reflective nature. The adjusted mathematical model obtained a P-value = 0.0000 for 

the model and a P-value = 0.0000 for the coefficients (intercept and slope). This 

means that it is a model capable of making predictions for measurements that are 

outside the values shown in Table 1. The motivation of engineering students at the 

University of Cartagena is based on a minimum base that is always positive, that is, 

students are always predisposed to achieve academic goals and achievements. In 

addition, increasing motivation increases cognitive processes exponentially as 

shown in Figure 2. It is not possible for engineering students to reach the critical 

value at x = 8, that is, it is very unlikely that these students enter university at the 

age of 12, much less that they are student prodigies, although it is likely that 

situation may arise at some point. 
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