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Abstract 

 

This paper presents the results of the development and accomplishment of a Blended 

Learning Model for engineering students. The development of the research began with 

selecting topics for learning Quality concepts, the analysis of an available educational material 

meeting the requirements of the open software; then two topics were developed: An 

Interactive Software for teaching-learning processes of Quality, and a Blended Learning 

Model for teaching Quality Topics.The Blended Learning Model for teaching Quality Topics 

was applied successfully. Participants were engineering students from Universidad Nacional 

Autónoma de México (UNAM). They were enrolled in Quality Lessons of an Industrial 

Engineering Program from the Engineering Faculty. An acceptance Sampling topic was 

chosen to be developed as Blended Learning; Educational Readings and Writings developed 

by a professor with 25 years of experience in teaching Quality Lessons. In consequence, his 

participation was essential to define topics, exercises and how to emphasize some learning 

aspects in software lessons.The Blended Learning Model for Quality was applied and assessed 

twice, with two different groups of students participating and assessing their experience. 

Throughout students’ suggestions, some improvements were detected and are being 

considered to upgrade the software and the learning model. In the future, the Knowledge 

Transference Cycle is going to be completed through some Workshops offered to professors 

of universities; involving Blended Learning Models and how to build Open Educational 

Resources. 

Keyword: Blended Learning, Open Educational Resources, Flipped Classroom, Engineering, 

Open Software. 
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Introduction 

The United Nations Educational, Scientific 

and Cultural Organization (UNESCO) 

defined Open Educational Resources (OER) 

as: learning materials that enable reuse and 

repurposing by others without permission. 

This allows better access to high-quality 

learning materials for all through a virtuous 

cycle of materials being developed, improved 

and repurposed over time and for different 

contexts. At the end of this chapter, the policy-

maker should have developed clear 

conceptions of how OER can be used in the 

local context and have clarity on the licensing 

requirements (UNESCO, 2019). Those OER 

involve learning objects, curricula lessons, 

scientific or divulgation papers, books, 

lectures or even games among others. The 

Open Educational Quality Initiative (OPAL) 

presented a study which affirmed that: 

although open educational resources are 

high on the agenda of social and inclusion 

policies and supported by many stakeholders 

of the educational sphere, their use in higher 

education and adult education has not yet 

reached the critical threshold which is posing 

an obstacle to a seamless provision of high 

quality learning resources and practices for 

citizens‟ lifelong learning efforts (OPAL, 

2011). Therefore, it is essential to 

encourage projects to help integrate OER 

into formal curricula at universities. This 

research had a main goal to develop a 

blended learning model in the future to 

boost this kind of learning-teaching 

processes in the Engineering Faculty at 

Universidad Nacional Autónoma de México 

(FI-UNAM). 

 

This research is developed with the support 

of PAPIME-UNAM program and was 

conceived to analyze education models, and 

to develop and try a Flipped Classroom in 

the Engineering Faculty at UNAM. This 

research involved developing a multimedia 

interactive OER, programmed in the open 

source framework H5P. 

 

Methodology 

 

The applied methodology is the Research-

Action Theoretical framework. It is an 

interactive approach to inquire about and 

propose solutions to social problems, 

applied into education classrooms. The 

Research-Action method emerged in the 

fifties and it consists of a group discussion 

and a reflection about the community facing 

problems. According to Lewin (1946), it is 

an inquiry common process to find 

solutions for common troubles. In his 

revision of state of the art, Colmenares 

(2003) concluded that: the methodology 

has evolved, especially in the study of 

educational reality, and have become a 

qualitative analysis option. 

 

Research-Action Method was used to 

analyze the Learning-Teaching Process 

imparted in the Quality Course at FI-UNAM. 

To analyze it, an Open Educational Resource 

(OER) was developed to be used to study 

theoretic concepts and exercises. Then, 

some students were asked to study online. 

After that, they attended an exercises 

session with a professor. Then, they 

combined online and presential sessions. At 

the end, to evaluate the acquired 

knowledge, a test was applied, and to assess 

the experience, students were asked to fill in 

a survey; collecting suggestions and 

opinions of the participants. 

 

During two academic semesters, students 

participated in the Blended Learning 

Session about Acceptance Sampling for 

Quality. After the two experiences, the 

reviews and modifications to enhance the 

model and OER were effectuated. 

 

The academic content elaborated in 

multimedia format for Quality OER, was 

provided by professor Octavio Estrada, a 

participant in this research with more than 

25 years in charge of Quality classes for 

Engineering Students. During that time, he 

has developed didactic materials to read, 

exercise and communicate. For this project, 

two topics were chosen: Acceptation 

Sampling and Quality Assurance Systems, 

both subjects were adapted into multimedia 

format that accomplishes learning 

objectives from the official curricula 

program of FI-UNAM (2016). 

 

The Open Educational Resource for Quality 

was programmed, creating interactive and 

multimedia materials for students that 

involve theory, examples and exercises. The 
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Quality OER is compatible with Moodle, 

because it is the official platform at UNAM. 

After a programming software analysis, it 

was programmed in H5P (2018), a 

framework of open and free code. 

 

On the other hand, a Flipped Classroom 

session was designed. The concept is 

defined by Santiago and Diez (2015) as: a 

pedagogic model to transfer some learning 

tasks outside of classroom and use the 

liberated time and his own experiences to 

facilitate and potentiate another acquiring 

processes and practices of how to apply the 

knowledge. The main goal of the Flipped 

Classroom is understood for Canarias 

Government Education Counselors (2016) 

as: To enhance the teaching-learning 

process making which is divided into:  

simple learning tasks (observation, 

memorizing, resume, among others) 

outside the classroom, and complex 

learning tasks (reasoning, examining, 

argumentation, etc.) inside the classroom, 

that requires interaction among pairs and 

help from the professor as a facilitator. The 

model used two semesters (2019-I y 2019-

II), with the participation of attending 

students in each period independently. 

 

In each semester, each group was selected 

by an aleatory procedure to compose two 

subgroups. The first subgroup was part of a 

face-to-face session; while the other 

subgroup studied online first, then face-to 

face later. The participants’ profiles were: 

 

a. Bachelor students who are actually 

attending a Quality course from 

Industrial Engineering Curricula at 

UNAM. 

b. To divide each group, the numbers 

of the students were selected based 

on their order in the list: even 

numbers were assigned to face-to-

face sessions, and odd numbers to 

blending learning sessions. 

c. As students were part of the same 

group and the selection was made 

via an aleatory sample, the 

composition of both subgroups was 

similar in profiles. 

 

Quality Topics throughout Blended 

Learning 

 

In November 2018 (2019-I semester) and 

March 2019 (2019-II), students enrolled 

into the Quality engineering course, were 

invited to participate and evaluate a 

Blended Learning experience. Students had 

to use the developed Quality OER and to be 

in a presential session to study MIL-STD-

105E Standard defined by Duncan (1996), 

for Attributes Sampling and basic concepts 

about Acceptance Sampling. These topics 

are part of the required credits of the 

seventh semester of Industrial Engineering 

studies at FI-UNAM, and they are curricula 

topics of Quality. 

 

During the 2019-I semester, 59 students 

were invited and participated in a Blended 

Learning session; while, in 2019-II 

semester, a total of 30 students participated. 

In both cases, the students were divided 

into sub-groups. 

 

• Semester 2019-I, subgroup A. 

Composed by of 30 students 

(50.85%) that attended a 

traditional class, where the 

professor explained basic concepts 

and solved an example. The 

subgroup B had 29 students 

(49.15%) who were part of 

Blended Learning; beginning with 

on-line learning throughout Quality 

OER. 

• Semester 2019-II, subgroup A. 15 

students (50%) participated in a 

face-to-face session. While in 

blended learning, 15 students 

(50%) were involved. Figure 1 

shows the general structure of the 

model and activities. 
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Figure1: Diagram of General Structure of Acceptance Sampling Blended 

Learning. 

 

The composition of the two participant sub-

groups is: 

 

• First subgroup (2019-I semester): 

25 students (42.4%) used the 

Quality OER installed in the 

institutional Platform of UNAM: 

Moodle (2018). Other four students 

were never into the platform. One 

student assigned to a face–to-face 

session went in the OER. In 

consequence, a total of 26 students 

had access into the Quality OER, 

one of them never uses the OER. 

• Second group (2019-II semester). 

All the invited students were in the 

platform and participated (15 

students). 

 

All the sessions were conducted by 

professor Estrada, who is in charge of the 

course and the author of didactic materials.  

Each group, in their own semester, 

dedicated one hour and a half to study basic 

concepts about Acceptation Sampling and 

the Standard Norma MIL-STD-105E. Group 

A attended a face-to-face session, while 

Group B studied the same topics online, 

throughout Quality OER in Moodle. Both 

groups solved exercises in this first session. 

In the second session, all students were 

present (Group A and group B), the hour and 

a half were focused to solve new exercises, 

all about basic concepts studied during the 

first session. To solve the exercises, working 

teams were formed, encouraging the 

interchange of knowledge among students. 

In necessary cases, the professor explained 

concepts or procedures to remove doubts. 

 

Results 

 

To analyze the results, all the experiment 

was divided into three phases: before, 

during and after sessions. Before, students 

were invited, had an explanation about their 

participation tasks and the targets of the 

research. Each group was divided into two 

subgroups: one to study in a traditional 

face-to-face class (A) and the other group 

studying via blended learning (B). During 

the teaching-learning process, a face-to-face 

session was programmed for group A in the 

university, while, group B had their 

passwords to study through Quality OER in 

the moment and place they consider 

appropriate. In 2019-I, a second session to 

solve exercises was performed. After both 

sessions, a presential knowledge test for all 

the students was applied. Differing from 

2019-II, where in the second session, all the 

students were at the university solving the 

exercises. 
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For the second session, all students were 

organized in teams according to the kind of 

learning processes, and the main task was to 

solve some exercises, discussing answers. In 

2019-II, there was not a knowledge 

examination. After all the sessions, Blended 

Leaning students answered an on-line 

experiences survey, with the target to know 

their impressions, suggestions and 

opinions.  

 

The survey was also applied throughout 

Moodle; the invitation was made with an e-

mail sent to the 25 students attending the 

Blended Learning sessions in 2019-I and the 

15 students in 2019-II. The invitation 

emphasized the expected contribution from 

the students. The students had ten days to 

answer, and a reminder was sent to them 

one day before the end of the survey. The 

answers were received anonymously and 

voluntary. From the 25 students of 2019-I 

semester, more than half of them (52%) 

answered the survey; while in 2019-II 

semester, 73% of the consulted group 

responded.  

 

Table 1 shows students’ perceptions about 

the clarity and usefulness of the contents in 

Quality OER. All the results of 2019-I 

surveys were considered to enhance some 

aspects of Quality OER and Blended 

Learning model.  

 

Table 1: Clarity and usefulness of theoretical concepts in OER. Students’ answers 

 

No Question Results 

1 Was the theory presented in the 

platform clear enough to answer 

the exercises? 

Very 

clear 

Clear Regula

r 

Unclea

r 

Totally 

unclea

r 

Semester 2019-I 0% 61% 31% 8% 0% 

Semester 2019-II 45% 45% 10% 0% 0% 

2 Were the exercises useful to 

practice and understand 

theoretical aspects? 

Very 

useful 

Useful Regula

r 

Little 

useful 

Not 

useful 

Semester 2019-I 15% 54% 31% 0% 0% 

Semester 2019-II 45% 45% 10% 0% 0% 

 

The first question inquired if the theory was 

clear and enough to solve the exercises, 

90% affirmed that it was clear or very clear. 

The second question was about the clarity of 

OER questions, in this case, almost 70% of 

the students said that the exercises were 

clear or very clear, and with modifications 

in 2019-II, positive answers became 90%. 

 

Analyzing the results, in both semesters, 

more than 60% of the students affirmed that 

they answered all the exercises of the topic 

MIL-STD-105E Standard for Attributes 

Sampling. More than 35% did not answer 

the question. Comparing between the two 

semesters, it is evident that the Students’ 

commitment was higher in the 2019-II 

group. 

 

Table 2: Exercises in Quality OER, students’ answers 

 

No Question Results 

3 Did you answer all the exercises included in the 

platform? 

Yes No 

Semester 2019-I 62% 38% 

Semester 2019-II 64% 36% 

 

In question number 4, the reasons for not 

answering all the exercises were inquired. 

There were six choices and the possibility to 

add another reason. Each student was able 

to choose more than one answer, 

prioritizing them: One for the main reason 
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and seven for the less important reason. 

During 2019-I, 38% of the students did not 

answer the question; in 2019-II, 36% were 

without answers. In this semester, a student 

did not distinguish the priorities, so his 

answer was discarded. To calculate the 

weight of the reasons, a ponderation was 

used as a scale as shown in table 3. 

 

Table 3: Ponderation reasons 

 

Value assigned by student  1 2 3 4 5 6 7 

Ponderation value 10 9 8 7 6 5 4 

 

To calculate the weight: the value assigned 

for the student was multiplied for the 

correspondent factor as it is shown in Table 

3. Then, these values were added and 

divided by the total number of the obtained 

answers (respondents). Table 4 shows the 

results in a scale from 10 to 0, where 10 is 

the most important reason and zero 

represents the least important. 

 

Table 4: Reasons to not answer all the questions in OER, students’ answers 

 

No Reason 
Semester 2019-I 

Ponderated value 

Semester 2019-II 

Ponderated Value 

4 I did not understand the 

instructions 
8.4 9.7 

Lacking the theoretical knowledge 7.6 4.7 

Exercises were long  6.0 4.3 

Lacking time 6.8 6.3 

Laziness 4.6 4.7 

It was not necessary to answer 

them 
4.2 5.7 

Other reasons 0 1.3 

 

The results in table 4 indicate the main 

reason for not solving all the exercises 

which was they did not understand the 

instructions; in consequence, a revision of 

the instructions is being made. Comparing 

between the semesters’ values, it detected a 

general improvement in the other factors. 

Only one student wrote a different reason: I 

incorrectly manage my time and I dedicated 

little time to solve the activities. 

 

The fifth question had the target to 

determine if the students really used the 

Quality OER. In both semesters, students 

used the OER to study (more than 90%), as 

shown in table 5. 

 

Table 5: Students use of OER 

 

No Question Results 

5 Did you use OER to study? Yes No 

Semester 2019-I 92% 8% 

Semester 2019-II 91% 9% 

 

To establish the interest and interaction of 

the students with Quality OER, question six 

was included. In table 6, it can be observed 

that more students in 2019-I tried to solve 

the exercises until they found the correct 

answers.  
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Table 6: Attempts to answer the exercises in Quality OER, students’ answers 

 

No Question Results 

6 Did you attempt to solve each exercise until you found the 

correct answer? 

Yes No 

Semester 2019-I 69% 31% 

Semester 2019-II 45% 55% 

 

The next question was only for the students 

that attempted to respond to the exercises 

more than once; and the question was: Did 

you manage to understand the mistakes? In 

table 7, the answers reveal that, in both 

semesters, more than sixty percent of the 

students understood the correct answer. 

 

Table 7: Understanding of mistakes while answering the exercises in Quality OER 

 

Managed to understand the 

mistake 

% Semester 2019-

I 

% Semester 2019-

II 

Yes 67% 64% 

No 22% 9% 

Tried only once 0% 27% 

No answer 11% 0% 

 

Table 8 shows the answers to the question: 

Did you check all the slides of Quality OER? 

Even the exercises’ grades in the last slide? 

In both groups (2019-I and 2019-II), the 

participants answered with: always or 

almost always; however, the platform 

registers show that nobody answered all the 

exercises. 

 

Table 8: Reviewing the material on Quality OER, students’ answers 

 

Did you review all the material? % Semester 2019-I % Semester 2019-II 

Always 54% 18% 

Almost Always 23% 73% 

Almost Never 15% 9% 

Never 8% 0% 

 

To enhance the Blended Learning Model, 

the students suggested more information, 

more examples and better Web navigation 

features. 46% of the students did not 

consider it necessary to change anything. All 

opinions by the groups are shown in Table 

9. 

 

Table9: Improvements suggested by students 

 

Suggestions % Semester 2019-

I 

% Semester 2019-

II 

More information and more examples 24% 9% 

Improve the navigation format 8% 37% 

Involve professors’ participation 8% 0% 

Less information 8% 9% 

More clarity 8% 18% 

Improve the organization of the 8% 18% 
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information 

Include videos  8% 0% 

Enable interaction among students 8% 0% 

More efficiency 0% 9% 

 

77% of the students of 2019-I preferred a 

combination between face-to-face sessions 

complemented with on-line studies. In 

addition, nobody preferred on-line study, 

while 23% said that they would choose 

traditional courses with a professor. In 

2019-II group, the responses were similar. 

81% of the students preferred a blended 

learning course, while 9% would like to 

preserve a professor explanation in a face-

to-face class. 

 

To end the survey, the students expressed 

their opinions about Quality OER and 

Blended Learning without restrictions. 

Table 10 presents the obtained opinions, in 

both of the surveyed groups. 

 

Table10: General comments about Blended Learning experiences, answers from 

students of 2019-I y 2019-II groups 

 

No General comments from students of 2019-I semester  

1 

I think it has been a great idea to study through a platform. And I believe it would be fine 

to incorporate this kind of materials into courses, because I believe that a face-to-face 

session complemented with an online study will help to reinforce knowledge. 

2 
When I saw all the material in OER, there were more than ten files, it seemed very long 

and it discouraged me. 

3 
Even though I did not complete the entire task, it has been a great help and the content 

is good. 

4 
I liked to participate in this activity. Even though, I did not like the study in a platform 

that much, because it was too long, and I got lost. But at the end, I learned something. 

5 I prefer the face-to-face class. Maybe I could have complementary information on-line. 

6 

This activity made me see the importance to have a professor to teach me; because I 

noticed that I did not have experience in the general subject, and in consequence, I did 

not know which the important topics are. 

7 
I consider information in the platform good, but I believe it is better to have an 

explanation from a professor online. 

8 It is better to have a professor. 

9 

Has been a new experience because I prefer face-to-face courses, as it is easier to discuss 

any doubts directly with a professor; but this experience helped me know new ways to 

study. 

10 
I really liked the interaction through the platform, it makes learning the subject easier, 

even though I like face-to-face classes more because a professor can answer questions. 

11 
Participating in the experiment was so interesting, it grabbed my attention to the target: 

to know if the online education can be similar to face-to-face sessions. 

12 
I liked the platform idea, but I think it was not so good, because in the test, I did not 

know how to apply the ISO tables to solve the problems. 

13 
I did not like to study online; I had a lot of questions and I did not know how to solve 

them. 

No General comments from the students of 2019-II semester. 

1 It was an interesting experience. 

2 
It is necessary to better explain the use of the platform, because it is not commonly used 

by regular students. Also, I suggest adding some examples. 

3 OER has a very clear content that makes the comprehension of topics easier. 



9                                                                                                Journal of e-Learning and Higher Education 

__________________________________________________________________________ 

______________ 

 

Tamara ALCANTARA-CONCEPCION, Victor LOMAS-BARRIE, Octavio ESTRADA-CASTILLO And Aline A. 

LOZANO-MOCTEZUMA (2020), Journal of e-Learning and Higher Education, DOI: 10.5171/2020.960050 

4 Everything was fine. 

5 

In face-to-face sessions, solving the exercises is usually very fast, and theory sessions 

are repetitive and long, it makes it difficult to follow the lessons. In the case of the online 

sessions, the working materials are very good; but it is not clear where the exercises are. 

6 The professor-student interaction is much better.   

7 In general, Quality assignation has been very comprehensive and punctual. 

8 I think it is possible to enhance the Web, adding a professor answering the questions. 

9 Has been a tool with great potential, however it needs enhancement. 

 

Analysis and Discussion 

 

A study about Blended Learning use in two 

engineering students’ groups at UNAM was 

made. The Blended Learning raised an 

interest among the students that showed a 

positive reception towards changing the 

study models. The Blended Learning model 

was proved, using Quality OER to study 

theoretical concepts online about 

Acceptance Sampling, and complimented 

with exercises sessions with professors. At 

the end, a reflection of the students’ 

experiences was obtained. In general terms, 

both groups’ answers were similar. From 

the students’ reflections, it can be perceived 

that participating in a Blended learning 

session encouraged them to search and use 

more available on-line materials, as a 

complementary tool of learning. About the 

professors’ role in classes, the students 

expressed that professors act as 

transmitters of knowledge. It is through 

his/her experience about how to apply 

knowledge in real situations and how to 

avoid obstacles that can be found, they offer 

possible solutions to face problematic 

situations. All these factors are usually less 

described in texts and study materials. Most 

of the students concluded that it is 

recommendable to use Blended Learning 

Systems. All the comments and suggestions 

have been considered to improve Quality 

OER and Blended Learning Model. 

 

Conclusions 

 

The Blended Learning Model Test was 

successfully applied. It was formulated for 

Acceptance Sampling theme. The involved 

topics are part of the seventh semester of 

bachelor Industrial Engineering studies at 

the Engineering Faculty of UNAM. Students 

from two semesters were invited: 2019-I 

and 2019-II; all the participants were 

enrolled in curricula courses. For the 

Blended Learning sessions, an OER about 

how to use the MIL-STD-105E Standard for 

Attributes Sampling was designed, 

programmed and utilized. Students groups 

were composed of 59 students and 24 

students respectively. For each semester, 

the group was divided into two subgroups: 

First group, 30 students (50.85%) attended 

a traditional lesson, while 29 (49.15%) 

studied topics through OER, developed with 

educational readings and writings from the 

same professor. A knowledge test was also 

considered; however, it was not possible to 

apply it in both semesters, in consequence, 

the results are not presented. 

 

A Blended Learning Model Pilot Test was 

useful to detect and adjust some aspects of 

the OER, for instance: make shorter 

exercises and add some Web navigation 

instructions. The class seems to be a good 

experience for students, because they have 

the opportunity to study theoretical aspects 

at their own rhythm, however, some 

potential areas concerning the OER and 

Blended Learning sessions were detected to 

enhance in the future. 

 

In conclusion, lecture readings and writings 

were integrated in an interactive OER, 

involving theoretical and practical aspects 

to learn about Acceptance Sampling.  A face-

to-face explanation about how to solve an 

example with a professor answering, 

questions was performed. Both, OER plus 

face-to-face sessions constitute the first 

Blended Learning Model in Acceptance 

Sampling topics at FI-UNAM. The 

participants stated that they are interested 

in participating in Blended Learning 

Modality of learning, because they 

considered it a good way to study by 
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themselves, reinforcing learning with a 

professor. The objective is to complement 

the obtained results with the new 

experiences of Blended Learning. In 

consequence, in the future, the Blended 

Learning Model would be enhanced for 

university students of Mexico. 
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