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Abstract 

 

The present investigation allowed to develop a mathematical model to characterize 

the association between the motivation and the degree of execution of the task in 

engineering students of the University of Cartagena. The sample was composed of 

nine hundred and fifty (950) students between 2014 and 2016. The instrument for 

collecting the information was the Self-Regulation Inventory for Learning (SRLI) 

designed by Lindner, Harris and Gordon and validated by Cronbach's Alpha. The 

mathematical model was chosen by making a linear regression between the 

motivation and the execution of the task for engineering students with aged between 

17 and 25 years. The selected mathematical model with high statistical significance 

(p = 0.000) that best fit the data was the reciprocal of y- natural logarithm of x with 

a confidence level of 95%, correlation coefficient of R = -0.965202 and R2 = 

93.1615%. The normality test used was that of Shapiro-Wilk (0.83), the 

independence of the residues was evaluated with Durbin-Watson (0.83) and the 

Homoscedasticity by F-Fisher (0.087). 
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Introduction 
 

 

Zimmerman (2000) considers that one of the activities carried out by the student 

during his academic exercise is related to the execution of the task, that is, he must  
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be able to continuously review and feedback his knowledge construction process 

1.  For Honey and Mumford (1986) and Alonso et. al (1994) 2, 3 learning is 

characterized by being a cyclical and continuous process where the student receives 

or captures the information, analyzes it, organizes it, plans it and puts it into practice 

during the execution of the task 4,5. For Monereo et. al (2008), the student in his 

route to learn to learn involves two fundamental elements that are: (1) self-

motivation and (2) self-planning, where the student is responsible for reaching or 

not his academic goals depending on the degree of execution of the task he has 6. 

Authors such as Lindner, Harris and Gordon (1993, 1996) 7, 8 designed an 

instrument to assess the level of self-regulation of learning. In its first version it was 

based on the model (SESRL) of Zimmerman and Martínez-Pons (1986) 9. In the 

third and last version the SRLI contains 80 statements; where 20 correspond to the 

measurement of each of the 4 subscales. The first, considered executive, measures 

the execution process, that is, the metacognitive process, conscious or deliberate of 

the student. Evaluates the task, the construction strategies, the cognitive monitoring 

and the evaluation strategies. The second or cognitive, evaluates the cognitive 

process that includes the attention, storage and retrieval of data. The third, 

motivation, considers the beliefs and aspects of personal motivation; that is, the 

attribution and orientation towards achievements and goals. The fourth, known as 

control of the environment, assess the aspects of control and use of resources of the 

surroundings or environment. That is, it takes into account the search for help, task 

management, administration of resources of the medium and time. 

 

On the other hand, some authors consider the importance of mathematical modeling 

of physical, chemical, environmental, social, educational and industrial phenomena 

among others. This importance lies in the possibility of characterizing the 

phenomenon and predicting results based on independent variables. For Niss (1989) 

the mathematical model is the way to solve society's problems and is justified from 

the relationship with the context. Additionally, it allows to understand phenomena 

and concepts from the genesis of them 10. Other authors such as Swetz and 

Hartzler (1996) consider that modeling allows us to discover the dynamics of 

problematic situations, allowing, even, to introduce new concepts11. For Letelier 

et. al (1994) and Aravena (2001) the methodology of modeling encourages the 

creative processing of the problematic information and relates it to the knowledge 

of its disciplinary field. It also allows us to link and articulate concepts from 

different areas that allow us to construct an accurate explanation of the phenomenon 

under study. In addition, it promotes the creation of new concepts that consolidate 

knowledge in the area of research 12, 13. In the present investigation a 

probabilistic mathematical model was constructed that allowed to characterize the 

degree of association between the motivation and the execution of the task 

(executive level) in engineering students from the Instrument of Self-regulation of 

Learning (SRLI) designed by Lindner, Harris and Gordon 7, 8. 
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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 Fong et al. (2018) [14] by equation (1):  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) 

Execution of the task. Measure with the executive scale of the SRLI. 

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

of Learning (SRLI) designed by Lindner, Harris and Gordon [7, 8], 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) [7, 8]. To 

determine the reliability of the test the internal consistency was determined using 

the Cronbach Alpha [15].  

 

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 [16] test was carried 

out 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 [17], 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 [18]. 

 

Mathematical Model: The mathematical model is probabilistic and proposes to 

characterize the degree of execution of the task as a function of the motivation of 

the student through the theory of Lindner, Harris and Gordon [7, 8]. The 

independent variable is made up of Student Motivation (MS) while the dependent 

variable is the execution of the task (ET) as follows: x: Student Motivation by age  
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(MS/age); and: Execution of the task by age (ET/age). To define the mathematical 

model, the information was processed according to the data indicated in Table 1. 

 

Table 1. Motivation score and task execution according to the SRLI. 
Age Motivation 

 

Motivation/ 

age 

(x) 

Ln (x) Execution 

of the task 

Execution of 

the task/age 

(y) 

 

1/y 

17 66 3.88 1.356 71 4.18 0.239 

18 71 3.94 1.371 69 3.83 0.261 

19 68 3.58 1.275 68 3.58 0.279 

20 71 3.55 1.267 72 3.60 0.278 

21 69 3.29 1.191 69 3.29 0.304 

22 71 3.23 1.172 71 3.23 0.309 

23 74 3.22 1.169 79 3.43 0.291 

24 67 2.79 1.026 67 2.79 0.358 

25 68 2.72 1.001 72 2.88 0.347 
 

 

Statistic Analysis: The linear mathematical model, initially adjusted for the 

Motivation and Execution data of the task, is shown in Table 2. This was adjusted 

by means of a linear regression using the statistical software Statgraphics Centurion 

XVI, obtaining the statistics shown below in the Table 2. 

 

Table 2. Initial linear model statistics. 

 

Simple Regression Statistics (ET-MS) 

Correlation coefficient (R) 0.956153  

Coefficient of determination (R^2) 91.4229% 

P-value of the model 0.0001 

Intercepts and coefficients Coeficientes/Statistic P-value 

Interception 0.141931 0.7216 

Variable ET 0.977932 0.0001 
       

 

In the same way, the best linear adjustment was obtained with this same software, 

choosing between different models, the one that showed the highest coefficient of 

correlation, determination and taking into account that the coefficients also had 

statistical significance (p <0.05). The statistics for this test are shown below in 

Table 3. Normality, residue independence and homoscedasticity were evaluated by 

the Shapiro-Wilk, Durbin-Watson and F-Fisher tests, which yielded 0.8309, 0.829 

and 0.087 respectively.  

The linear regression graph of the linearized model: reciprocal of y (ET/age)- 

natural logarithm of x (MS/age) is shown below in Figure 1. 

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

mathematical model and the real variables MS / age and ET / age. 
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Table 3. Linearized model statistics: Reciprocal of y- natural logarithm of x 

 
 
 

Simple Regression Statistics(ET-MS)  (Reciprocal of y-lnx) 

Correlation coefficient ( R) -0.965202 x: MS/age 

y: ET/age Coefficient of determination (R^2) 93.1615 

P-value of the model 0.0000 

Intercepts and coefficients Coeficientes/Statistic P-value 

Interception 0.639516 0.0000 

Variable ET -0.28522 0.0000 
 

 
                Figure 1. Regression graph: Reciprocal of y- natural logarithm of x 

 
 
 

Table 4. Confidence and prediction limits (at 95%) for 2 points of the adjusted 

model 

 
 

Variables Limits Prediction Limits Confidence 

Independent Predicted Lower  Upper  

 

Lower 

 

Upper 

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

1.001 2.720 0.354 2.824 0.384 2.604 0.324 3.085 0.370 2.700 0.338 2.959 

1.372 3.944 0.248 4.027 0.277 3.606 0.219 4.559 0.263 3.808 0.234 4.273 
 

 

Results and Discussion 
 

According to equation 1, with a confidence level of 95%, a sample size of 201 

individuals is obtained. When applying the surveys, a total of 9 students per 

academic period and per program (4 programs, 6 academic periods) were made 

homogeneously for a total of 216 respondents. The Cronbach Alpha 15 

(reliability) (α) for each of the scales yielded the following results: Executive Scale: 

0.89 (measures the execution of the task); Cognitive Scale: 0.89; Motivational 

Scale: 0.93 (measures student motivation); Scale Environment Control: 0.93. These 

Alpha values from 0.89 to 0.93 indicate a reasonably good level of internal 

consistency for each test. The first linear model (regression equation) shown in 

Table 2 is discarded since one of the coefficients does not present statistical  

Plot of Fitted Model

ET/age = 1/(0,639071 - 0,284769*ln(MS/age))
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significance (Intercept = 0.7216, p> 0.05). For this and after making comparisons 

with different models, the model is chosen: Reciprocal of y - natural logarithm of x 

that is shown in equation 2 and 3. This model yields better results than any other 

and its statistical parameters and of high significance (p <0.05) for both the model 

and the coefficients are indicated in Table 3. ⟨
1

𝑦
= 𝑎 + 𝑏 ∗ 𝑙𝑛𝑥  (2)⟩   ; 

1/(ES/age) =0.639516-0.28522*ln (MS/age)   (3) 

Since the value of P for the Shapiro-Wilk test 16 is greater than 0.05 (p> 0.05), 

the data come from a normal distribution with a 95% confidence level. For the 

residue independence test, the Durbin-Watson test 17 was evaluated, which 

showed a p value greater than 0.05 (p> 0.05), so there is no indication of serial 

autocorrelation of the residuals (there is independence) with a confidence level of 

95%. Finally, the F-Fisher 18 test was used to evaluate the variance of the two 

samples based on the premise of equality of variances. As the p-value for F-Fisher 

yielded a value greater than 0.05 (p> 0.05), it is considered that homoscedasticity 

exists in the data. Taking the data from Table 3 and replacing them in equation 2, 

taking into account equation 3, we find the final equation of the model after doing 

the corresponding mathematical procedures, being as follows:⟨𝑒
(

1

𝑦
−𝑎)= 𝑥𝑏

  (4) ⟩      

Where: a =0.639516;  b = -0.28522;    

                                                                   e = 2,71828…;  x: MS/age;  y: ET/age 

From equation (4) it is observed that the relationship between the execution of the 

task and the motivation of the student is not linear. The graph of equation (4) can 

be seen in Figure 2. 

 
 
 

                                      

 

 

                                                

 

 

                                      

 

Figure 2. Graph of equation 4. 

 

Table 3 additionally indicates the values of p (statistical significance) where it is 

also observed that there is a relationship of high statistical significance between the 

reciprocal of y, and the natural logarithm of x (p <0.05). The statistical significance 

between the execution of the task and the motivation makes it possible to infer that 

the engineering student of the University of Cartagena is an organized student, 

capable of reviewing and giving feedback to his process of knowledge construction, 

that is, he executes the task in function of the motivation that possesses 1. In 

addition, the postulates of Honey and Mumford (1986), Alonso et.al (1994), Fong  
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et. al (2017) and López et. al (2017) are fulfilled 2, 3, 4, 5 since the engineering 

student is characterized for taking his learning in a cyclical and continuous process 

where the information that captures, it analyzes, organizes, plans and puts into 

practice everything related with the execution of the task. In the same way the 

postulates were verified of Monereo et. al (2008) since according to Figure 2 it can 

be predicted that for motivations greater than those reported in the study, the student 

will present higher task execution attitudes, that is, it involves self-motivation and 

self-planning aspects that at this moment has allowed them to achieve their 

academic goals 6. On the other hand, the variables in question were modeled 

according to Niss's (1989) postulates, allowing to characterize the dependence 

between motivation and task execution. This has allowed to open a way to evaluate 

the levels of motivation that require attention and improvement plans in the 

engineering students and that could affect the execution of their academic tasks 

10. Likewise, the affirmations of Swetz and Hartzler (1996) are fulfilled11. It 

was also possible to explain the phenomenon object of study according to the 

approaches of Letelier et. al (1994) and Aravena (2001) 12, 13. These findings 

will allow defining intervention strategies for those critical cases that can be 

identified in these students. Finally, according to what can be seen in Figure 2, there 

is a critical point in (MS / age) x = 10, that is, this is a case of special attention since 

at this point the execution of the task goes up and at the same time it drops abruptly. 

This means that just as a student can achieve very high levels of execution of the 

task, it is not surprising that some do not possess it due to some type of extra-

academic or psychological factor that drastically affects them. On the other hand, 

the average range of the score obtained in motivation by engineering students 

ranges between 66 and 74 points of which, the lowest, was obtained by students 

aged 17 and the highest scores for 24-year-old students. 

 

That is, the MS / age ratio for the former is MS / age = 66/17 = 3.90 and MS / age 

= 74/17 = 4.4 for the latter. Now, if the age of admission to the university was 15 

years, this ratio would be: (66/15) 4.4MS/edad 4.9 (74/15). This means that to 

reach a ratio of (MS / age) x = 10, two things must be fulfilled: the first, obtain the 

maximum score on the motivation scale (100 points) and enter the university with 

an age of 10 years which it is practically impossible unless it is some exceptional 

case of child prodigy where the execution of the task would overflow enormously 

to infinity as shown in Figure 2. Table 4 shows two predicted values for ET / age 

using the adjusted model. In the same way the table shows: (a) 95% of prediction 

intervals for new observations and (b) 95% confidence intervals for new 

observations. The prediction and the confidence intervals correspond to the internal 

and external limits in the graph of the adjusted model that can be observed in Figure 

1. In Table 4, the prediction limits for x = 2.720 are in the range between 2.604 and 

3.085 and the confidence limits between 2.700 and 2.959. This means that with a 

level of confidence of 95% we can expect that by applying the test again to 

Engineering students, the score obtained by them will oscillate in one of these 

ranges and not outside them. The same happen for x = 3.944 where the score that  
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students participating in a new study would reach would range between 3.606 and 

4.559 as prediction limits and 3.808 and 4.273 as confidence limits. 

 

Conclusion 
 

Based on the analysis above, it is concluded as follow: 1. The engineering students 

of the University of Cartagena have a minimum motivation to start their 

undergraduate studies, weighted in 66 points on average and a maximum of 74 for 

ages between 17 and 25 years which allows us to conclude that these students are 

quite motivated and with a great disposition to execute any type of task entrusted 

by teachers and that allows them to achieve their academic goals and achievements. 

2. The motivation for age in engineering students is always positive, turning them 

into students with a high predisposition towards the execution of tasks and their 

academic activities as can be evidenced in Figure 2 unless they are affected by 

external extra-academic factors that prevent them from executing them. 3. It is 

unlikely that a negative or zero predisposition is reached with engineering students 

since at the critical point (MS / age) x = 10, where the graph presents a vertical 

asymptote, the motivation for age will not reach this value since the  range of this 

independent variable is: 3.9 (66/17) MS/age 4.4 (74/17). Where 3.9 represents 

the minimum score and 4.4 the maximum score obtained by the students. It is 

important to note that the minimum age of the students participating in this study 

was 17 years and the maximum age was 25. Now, assuming a minimum age of 

admission to the university of 15 years, which is quite improbable, the MS / age 

ratio would be maximized and it would have a range of: 4.4 (66/15) MS/age4.9 

(74/15). This allows us to infer that the range between 3.9 and 4.9 is the most likely 

for engineering students of the University of Cartagena allowing this, to 

characterize them as students with excellent predisposition to achieve their goals 

through the proper execution of their academic and of laboratory tasks (execution 

of the task). 
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