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Abstract: Crisis caused by COVID-19 forced academics to transform Face-to-face
education into digital education. As most of the courses had been never taught this way,
professors needed to learn how to interact with students, and teach the academic content
within a virtual platform. There was a major concern about how these online synchronous
sessions had to be delivered, as well as which elements were critical for knowledge
transfer and add value to the Industrial and Systems Engineering (ISE) courses. For having
a proper feedback about this format, an instrument was created to evaluate the design
course elements, based on theoretical approaches of teaching and learning processes in
higher education, particularly on student experiences. The instrument consisted of a survey
applied to ISE students from Tecnologico de Monterrey. The analysis considered the
nature of the different courses involved in the study, and their categorization as
Theoretical, Numerical or Mixed. After applying statistical analysis, some of those
elements showed a positive evaluation by students and considering the correlations among
them, recommendations for the design of Digital Flexible Model (MFD) courses are made.
A positive correlation has been found between active participation of the students,
voluntary participation, and the sense of involvement, as well as the ease of interacting that
the technological platform provided to the students. Among other results, highlighting the
usage of a technological platform is not enough to deliver MFD courses, it is necessary to
consider design elements for engaging and motivating students’ participation. It is
notorious for the need for a "holistic" transversal approach that complements the design of
the successful interaction experience of students in the MFD.

Keywords: Digital Education, MFD (Digital Flexible Model), Education in pandemic,
Educational Innovation, Higher Education, Students engagement.

Introduction

The COVID-19 pandemic revolutionized the way of living and thinking of every person in all
countries around the world. and knowledge transfer was not the exception. Education needed to adapt
in a faster way to keep serving its purpose of delivering knowledge to students in all levels and in
several countries facing different challenges, such the case of Switzerland where higher education
turned online during all the semester (Kovacs, Pulfrey, & Monnier, 2021) and Nigeria where the
institutions, infrastructure, and student’s preparedness for remote and e-learning was an issue (Bolu
et. al, 2020) to cite a couple of them. In the case of Mexico, on March 12th, 2020, the university
Tecnologico de Monterrey declared the suspension of face-to-face classes as a prevention although
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there were not cases in the institutional community; also, compromised to reactivate classes on March
23rd, 2020, in a virtual way for indeterminate time (Redaccion CONECTA, 2020). This gave the
faculty staff of this private university just a week to prepare, change and redesign their courses for
being deliver through a virtual platform according to the Flexible Digital Model - MFD by its
acronym in Spanish courses (Tecnologico de Monterrey, n.d.).

Since Internet appeared, online learning has been in continue growth and it can be found many
literatures about the experiences and recommendations about this type of delivery method (Hernandez
Godoy, Fernandez Morales, & Pulido, 2018; Volery & Lord, 2000; Cohen & Jackson-Haub, 2020)
which allows to be fully asynchronous; also the traditional blended courses has been implemented in
the past with a combination of online sessions and face-to-face instructions in classroom (Sahara et.
al, 2021). MFD courses differs to online and blended courses because it includes both synchronous
and asynchronous sessions, trying to emulate what happens in face-to-face education, which due
sanitary restrictions derived of the pandemic cannot be in a physical space; like blended online
learning (Fadde & Vu, 2014). MFD also includes increases flexibility, use of technology and active
learning (Tecnologico de Monterrey, n.d.). The activities adaptation to this delivery mode and training
in the use of the platforms were some of the challenges that most of the professors in the institution
faced as they did not have the experience of teaching either remote or online courses.

When the contingency began, the authors of this paper were concerned about the impact that online
education could have over the student’s performance and the course’s adaptation to the new remote
format. According to Noteborn et.al (2012) research, emotions impact how students enjoy learning
and influence their attitudes towards virtual education, also Ferrer et. al (2020) suggest that a positive
attitude is related to student’s motivation, intrinsic motivation helps to feel well about learning and
engage them to learn in different contexts, and extrinsic motivation drive some engagement to
learning activities. Considering this, it was agreed to focus on elements that could improve the
student’s motivation and engagement in the Industrial and Systems Engineering (ISE) disciplinary
courses.

This paper discusses some elements that were identified by students in the MFD courses designed by
professors and the influence of the items in the student’s motivation to virtual courses. A survey with
27 items was designed and applied to the 87% of the ISE program at Tecnologico de Monterrey in
Sonora, Mexico the last week of the semester. The study considers the course classification and
suggest some proposals to implement in the design of MFD courses to motivate and engage students.
The recommendations could help professors that will continue teaching in a remote mode to redesign
their classes to a digital version.

Literature Review

Online learning, described by Rhim and Han as "access to learning experiences via the use of the
Internet,” is an evolution of the idea of distance learning (Rhim, H.C., & Han, H., 2020, p. 176). Due
to the COVID-19 pandemic, educational institutions were forced to speed up and adapt their various
instructional contents to deliver them to their students.

Beyond sharing information through a different channel, it is keeping students' interest in the subjects,
their willingness to engage and share their ideas, and providing a virtual environment where
knowledge can be created, the challenges that educators have had to face because of the emergency.
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This is where the design of online sessions, as well as the design of courses and teaching methods,
become extremely important. In addition, Rhim and Han (2020) suggest that online learning can be
divided into three foundational principles for evaluating its effectiveness: “Transactional Distance”,
“Presence”, and “Independent Learners”. Moore (1993) describes transactional distance as a
fundamental phenomenon that is linked to social, psychological, and relational differences between
teachers and students. When dialogues, or constructive interactions between teachers and learners for
the development of information, are increased, this gap can be bridged.

The instructor should be able to monitor and handle the amount and essence of each experience by
introducing and reinforcing these elements during the course design. In an online learning
environment, faculty should provide opportunities for student reflection, consider various mediums
for content delivery, and emphasize that learning requires elements of high-impact teaching, which
enhances faculty-student engagement, affects overall course interactions, and outcomes, according to
Montelongo (Montelongo, 2019).

According to Rhim and Han (2020), the foundational concept “Presence”, is further subdivided into
cognitive, social, and teaching presence. The first refers to learners' sense creation by constant
exchange of thoughts; the second to learners' personal feelings and emotions; and the third to
educational experience design and facilitation (Anderson, 2008). Finally, the idea of independent
learners refers to a student's ability to develop or change learning methods to produce the best results.
But it is Henry (2020) who claims that universities will be able to improve student satisfaction and
retention by knowing what online students expect. Six main themes were used to characterize desires,
according to him: motivation, ability, circumstances, interaction, curriculum, and environment.
Particularly, motivation in participants, described their intrinsic desire to engage with their learning.

Literature analysis leads to approaches that present design ideas based on students' responses for
teaching and learning in higher education, with an emphasis on the student experience (Wood &
Shirazi, 2020) in our quest for the most suitable designs of Digital and Flexible Courses.

Wood’s research improves concepts that should be considered for a desired audience response and is
organized into a three-layer model: 1) the students; 2) the learning environment; and 3) additional
factors; 18 different elements are detailed mapped in each of these layers as shown in Figure 1. Even
if those considerations involve the use of technology during classes, they do not represent the effect of
those considerations in a Digital and Flexible Course. More specifically, a comprehensive category of
characteristics identified as critical success factors in online education include factor analysis of
technology, factor analysis of instructor characteristics, and factor analysis of student characteristics
(Volery & Lord, 2000).

Another approach focuses on online education and is more focused on student engagement,
considering factors like social engagement, cognitive engagement, behavioral engagement,
collaborative engagement, and emotional engagement (Cohen & Jackson-Haub, 2020). Other research
on online environments and interactions suggests that some course factors, such as content style,
structure, and interaction tools, should be considered, as well as some instructor factors, such as
instructional design and assignments (Lear et al, 2010).
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A survey was applied to students to find the elements that increased their involvement during their
participation in Flexible Digital Model (MFD) Courses, based on the previously listed works and
considering those approaches for every question planned.

Research Objectives

The general purpose of this study is to identify and provide information about the best practices and
design characteristics that should be included in the Industrial Engineering courses within a
synchronous face-to-face online session. The specific objectives are mainly two:

1. Identify if there are some significant differences in the design elements that motivate
and engage Industrial and Systems Engineering students regarding the course structure
and content classification (numerical, theoretical, and mixed).

2. Make proposals about how to implement the design elements considered as motivating
by the students in the MFD model proposed by Tecnoldgico de Monterrey.

Methodology

Considering that courses were adapted from Face-to-face to digital format, the research group inquiry
about the elements that students preferred and evaluated the better during synchronous sessions, so it
can derive in enhancing their engagement and participation in class. As engagement it is an important
aspect to academic performance and outcomes (Christenson, Reschly & Wylie, 2012) the authors
looked for the relationships between those present and well evaluated aspects in online synchronous
sessions to find some key elements that could be useful for professors when redesigning their courses.

The first step in the process was to identify previous studies about good practices regarding online
education such as considering interaction tools and teachers’ presence (You & Beal, 2017), search for
elements that could represent key indicators to evaluate engagement in students (Cohen & Jackson-
Haub, 2020;) and define how to make a diagnosis about their current motivation levels. Also, it was
necessary to identify the characteristics of the official model used by Tecnologico de Monterrey to
deliver the content of its online courses and the design of the synchronic academic sessions. This
institutional model is known as Digital Flexible Model or MFD by its acronym in Spanish includes
flexibility, easy to continue classes by webconference, active learning, use of technology, continuous
feedback among other elements (Tecnologico de Monterrey, n.d)

After defining these characteristics and completing the academical search for good practices within
online education, the research and instrument for obtaining the desired information was designed.

As it was the first time that students took MFD courses and it was not a control group because all the
classes turned to this model as a response of the pandemic, a posttest-only non-experimental design
research was conducted. With the purpose of identify the rating of the different items that could be
present in the synchronous session, describe them with descriptive statistics and find some
correlations between elements and level of participation and motivation; it was decided to use a
quantitative analysis and considering it is social research about perceptions and opinions of students a
survey method was selected for data collection (Trochim, Donnelly & Arora, 2016)
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The survey was created considering the theoretical background regarding engagement. The questions
were chosen and designed by the research team to evaluate digital courses and get student’s
answers/evaluations considering the elements and three layers: students, learning environment, and
some additional factors, each with their corresponding subclassification of elements as proposed by
Wood and the corresponding classification for engagement proposed by Cohen; as shown in Figure 1
(Wood, 2020).

Wood's Layer Cohen's Classification
Efemant The Learning |Additicnal| Emotional |Collaborative| Cognitive Behavioral Social
Student |Environment| Factors |Engagement| Engagement | Engagement | Engagement | Engagement
Q1 Anonymity . (3
Q2 Anonymity . 4]
a3 Anonymity 0 ]
Q4 Participation . o
Qs Participation . 0
Q6 Questons Design . 0
Q7 Pace of Learning 0 o
Qg8 Integration . 0
Qs Participation . /]
Qlo Participation . 0
Q11 Organization of the Cohort (] 0
Q12 Collaboration . o
Qi3 Active Learning Environment . 0
Qls Active Learning Environment (] 0
Q15 Discussion . o
Q6 Competition ° ]
Q17 Sense of Invoivement . 0
Qi8 Confidence . [+
Qi1s Active Learning Environment . 0
Q20 Self-directed Learning . 0
Q21 Immediacy of Feedback . 0
Q22 Self reflection . ¢
Q23 Self assessment . [+
Q24 Self-directed Learning . 0
Q25 Metacognition . 0
Q26 Metacognition . 0
Q27 Teacher's response to questions (] 0

Figure 1: Relationships between questions and Woods’ elements and layers, and Cohen’s Classification.

It consisted in a survey that looked for relevant information about the design, performance, and most
valued characteristics in an Industrial and Systems Engineering course.

The online survey was applied to a non-probabilistic sample to students enrolled in 10 different
courses of Industrial and Systems Engineering (ISE). The courses were selected by convenience for
the research considering their nature to represent accurately the different nature of the complete set of
subjects, also it was considered the number of students enroll in the courses to have a good percentage
of the student’s population answering the survey. The survey evaluated in a quantitative way the 27
items using a Likert scale in a range from 1 to 5, being 5 the highest score for evaluation.

Description of course classification considering their nature.

To compare the impact of the different characteristics evaluated, it was also considered a description
of course classification considering their nature. It was decided to categorize them in three main
groups: numerical, theoretical, and mixed.
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® Theoretical: courses that have more theory and have a philosophical approach, usually,
can be taught as a lecture. These courses are based on conceptual models, abstract
thinking, or non-practical methods.

® Numerical: courses that need to do calculations, usually students are asked to solve
numerical problems. Subjects whose focus is based on mathematical approaches or
problem-based learning.

® Mixed: courses in which the content has some balance between theory and practice
(simulations, some calculations, etc.)

Data collection

The survey was applied to students enrolled in different Industrial and Systems Engineering courses at
the end of the “February-June 2020” semester, this means, during the first period of the pandemic
when professors and students were adapting themselves to digital courses. The head of the ISE
department asked professors to apply the survey in their groups of the select courses. In turn,
professors asked their students during the class to answer the online survey and share with them the
link, at the same time the program director reinforce the request via e-mail to students enroll in the
courses selected. Students were asked to answer and evaluated considering only their experience in
the specific course select in the list of subjects that appeared in the questionnaire. Students were able
to evaluate more than one course by sending different forms. Institutional e-mails were collected
automatically when the form was submitted to identify is there were duplicity of answers for one
course/subject. 89 students answered who represented the 87% of the ISE population in the campus.

Analysis

Once the information was gathered, a statistical analysis was carried out to identify the descriptive
statistics and if there were some correlations between the questions, which could lead to the creation
of some hypothesis about the design elements that every MFD course that should be included to
motivate and engage students. At first, a general analysis was made, without considering the course
classification. The correlation analysis was considered to identify which elements could be related and
how they could influence each other and conclude some design course tips to potentiate the
participation and engagement of students.

A Two Sample T-Test was conducted to identify if there was any difference between the mean
evaluation of each question considering the course classification. The sample for numerical courses
was 73 opinions, for theoretical was 39 and for mixed 31. The method for each evaluation was
considering px: population mean of Px considering the course type. First it was compared numerical
(i) and theoretical (u2), then mixed (1) and numerical (u2); at last, the evaluation for mixed () and
theoretical (u2) was made. For all cases, a 95% of confidence was considered and the following
hypothesis:

Null hypothesis  Ho: w1 - p2 = 0; Alternative hypothesis  Hi: i - u2 #0

The result was useful to know if some elements were more important, valuable, or appreciated in one
type of course or another.
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Results

Even when every question was designed based on the Wood and Cohen approaches for a successful
digital course, not in all questions the students’ answers confirm a level of success by itself. It is
possible to identify a set of questions whose assigned evaluations, according to the students’
perception, confirm a level of participation and motivation that could imply engagement: Q1, Q2, Q3,
Q4, Q5, Q9, Q10, Q16, Q17, Q18. On the other hand, it is possible to identify a set of questions
whose assigned evaluation confirm only the element’s presence in the course: Q6, Q7, QS8, Q11, Q12,
Q13, Q14, Q15, Q19, Q20, Q21, Q22, Q23, Q24.

A descriptive analysis was made for identifying the rating obtained from each question regardless of
the course classification as show in Figure 2.

Statistics Statistics

Variable Total Count Mean SE Mean StDev Minimum Median Maximum Variable Total Count Mean SE Mean StDev Minimum Median Maximum
Q1 143 4.189  0.105 1.256 1.000  5.000 5.000 Q15 143 4007 0102 1.219 1.000  4.000 5.000
Q2 143 4.1538  0.0979 1.1707 1.0000 5.0000 5.0000 Q16 143 3.580 0.117 1.401 1.000 4.000 5.000
Q3 143 3.385 0.118 1.409 1.000 3.000 5.000 Q17 143 3.958 0.108 1.294 1.000 4.000 5.000
Q4 143 3909 0102 1.221 1.000  4.000 5.000 Q18 143 41259  0.0997 1.1919  1.0000 5.0000  5.0000
Qs 143 2972 0.133 1.592 1.000 3.000 5.000 Q19 143 45734 0.0691 0.8264  1.0000 5.0000  5.0000
Q6 143 46224  0.0664 0.7944 1.0000 5.0000 5.0000 Q20 143 3.811 0.105 1.250 1.000 4.000 5.000
Q7 143 46014  0.0750 0.8971  1.0000 5.0000  5.0000 021 143 43776 0.0786 0.9405  1.0000 5.0000  5.0000
Q8 14344336 0.0863 1.0316  1.0000 5.0000  5.0000 Q22 143 42867  0.0950 1.1360  1.0000 5.0000  5.0000
Q9 143 42238 0.09851.1774  1.0000 5.0000  5.0000 Q23 143 41958  0.0938 11212 1.0000 5.0000  5.0000
Q10 143 3916 0102 1.225 1.000  4.000 5.000 Q24 143 4.042  0.105 1.250 1.000  5.000 5.000
Qn 143 3.944 0.122 1.462 1.000 5.000 5.000 Q25 143 4,091 0.101 1.210 1.000 5.000 5.000
Q12 143 4.3077 0.0900 1.0762 1.0000 5.0000 5.0000 Q26 143 3.706 0.111 1.331 1.000 4.000 5.000
Q13 143 4.2448  0.0916 1.0956 1.0000 5.0000 5.0000 Q27 143 3.916 0.129 1.541 1.000 5.000 5.000
Q14 143 3.881 0.109 1.308 1.000 4.000 5.000

Figure 2: Descriptive Statistics for each question regardless of the course classification

For the second set of questions that only identify the presence of the element it can be noticed that Q6
- In your class, were there moments / activities that allowed you to interact with your teacher, ask him
guestions and have answers? - has one of the highest evaluations with a mean of 4.6224. Which
confirmed that the teacher included this aspect during his/her course. A further analysis might reveal
if, for example, Q6 is one of the reasons that explains Q2 - | am motivated to participate and interact
in the class session, once a correlation of both might be identified.

Also, it is possible to realize that mean evaluations vary from medium to high, despites Q5 that can be
considered with a low evaluation (2.972), which in this case indicates that students are not ashamed to
share their video or not like to do it.

In Figure 3, it is shown the identification of strongest correlations (0.6 and above) between questions
regardless of course classification, particularly a total of 27. These correlations were identified with
the cases of Q1 related with Q2, Q12, Q17 and Q23; for Q2 a relationship with Q1, Q4, Q6, Q17, Q18
and Q21. Other strong correlations were found for Q3 with Q4, Q17, Q13, Q17 and Q18; the Q4 is
strongly related with Q2, Q3 Q13, Q17 and Q18; for Q6 the marked correlation was with Q7 and Q8;
also, it was noticed Q9 and Q10. Other relationships are Q11 and Q27, Q13 with Q17 and Q18; also,
Q14 with Q15, Q17 with Q1, Q2, Q3, Q4, Q13, Q18. The correlations for Q19 are with Q22 and Q23.
At last, the correlations above 0.6 for Q21where with Q22 and Q23, also Q22 with Q23.
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Q1 |Q2 Q3 |Q4 |Q5 |Q6 Q7 |Q8 |Q9 |Q10)|Q11 Q12 Q13 |Q14|Q15|Q16 |Q17 |Q18 |Q19 |Q20 |Q21 |Q22 |Q23 Q24 |Q25 Q26 |Q27

o1
Q2 |0.78
Q3 [0.41]0.55
Q4 |0.44]0.66) 0.61
Q5 [0.04]/0.08) 0.27)0.23
Q6 |0.55(0.62) 0.30)0.49| 0.09
Q7 |0.55/0.46) 0.28]0.29|-0.04| 0.67
Q8 |0.58[0.60) 0.44|0.41|-0.03|0.67)0.59
Q9 [0.41(0.42) 0.46|0.40| 0.00{0.37)0.37|0.48
Q10[0.40{0.44) 0.48)0.41| 0.17(0.36)0.25/0.40] 0.7
Q11[0.19]{0.16) 0.02)0.08| 0.12]{0.31)0.25{0.16| 0.16]0.15
Q12| 0.63[0.55) 0.31]0.33| 0.05/0.56|0.49/0.55{0.42/0.37)0.39
Q13|0.52{0.59) 0.51|0.66| 0.05/0.53|0.39/0.55|0.54|0.460.20|0.57
Q14[0.40{0.41) 0.19)0.22| 0.14/0.41)0.42/0.37)0.29]0.25|0.37|0.57|0.30
[a15]0.49[0.55] 0.40]0.49] 0.16]0.58]0.45[0.50{ 0.43[0.39] 0.31[0.57| 0.58] 0-63
Q16|0.27[0.33) 0.24)0.28| 0.12{0.27)0.19/{0.34]|0.36]0.35)0.43|0.34/0.41]0.21/0.35
Q17|0.62{0.71) 0.67]|0.67| 0.16/0.48|0.42/0.49|0.54(/0.560.16|0.45| 0.68( 0.30|0.54| 0.38
Q18| 0.54|0.60) 0.50|0.61| 0.12|0.48)0.38|0.45| 0.53|0.55|0.17|0.45| 0.62| 0.33| 0.53] 0.33|0.76
Q19|0.55(0.42) 0.20|0.26] 0.04/0.51)0.59{0.42)0.27|0.27)0.31]0.54/0.46|0.37({0.41|0.20{0.45) 0.38
Q20(0.32{0.42) 0.39)0.35| 0.17]0.39)0.34/0.46{0.34|0.36/0.22|0.42)0.36( 0.50{0.38| 0.25/0.38| 0.38| 0.41
Q21| 0.57[0.62) 0.38|0.42|-0.02|0.52)0.530.57]|0.42{0.31)0.20|{0.49)0.52| 0.50|0.58| 0.25|0.59| 0.54| 0.57)| 0.40
Q22|0.58(0.45) 0.31)0.33] 0.03/0.49)0.59/0.48|0.26({0.25)0.26|0.44|/0.45(0.40/0.45]0.22/0.54|0.46) 0.73| 0.36/ 0.68
Q23]0.61{0.50] 0.38|0.36| 0.09/0.52)0.58/0.50{0.37{0.35/0.29|0.54|0.55/0.44|0.52] 0.35/0.53|0.46| 0.73| 0.41| 0.69] 0.81
Q24|0.39{0.44| 0.37)0.34| 0.14/0.36|0.31]0.39]| 0.35]0.32| 0.27|0.44|0.55| 0.47|0.55| 0.34|0.45| 0.41| 0.47)| 0.49| 0.56| 0.50| 0.59
Q25(0.34{0.41] 0.31)0.41| 0.10{0.37)0.39{0.33|0.39]0.33|0.17|0.27) 0.50{ 0.23/0.38| 0.25/0.45| 0.37|0.43|0.47| 0.47)0.47]0.53| 0.46
Q26|0.21]0.15) 0.21)0.18| 0.18/0.15/0.14/0.11] 0.26(0.28) 0.26|0.23)0.31{ 0.30/0.24|0.12{0.25{0.23/0.24]|0.25/ 0.23| 0.29{0.32| 0.30{ 0.52
Q27|0.14[0.13] -0.04] 0.07| -0.04| 0.30) 0.24| 0.15]| 0.22| 0.16] 0.65| 0.26] 0.16{ 0.21| 0.20| 0.52|0.14| 0.26| 0.23| 0.16/ 0.17] 0.15/ 0.19] 0.20{ 0.16] 0.11

Figure 3: Identification of strongest correlations between questions regardless course classification

The questions related to Q2 provide us with elements that clarify why the student points out “I feel
motivated to participate and interact in the class session”. It is noteworthy that what is associated with
Q1, Q4, Q6, Q17, Q18 and Q21 which corresponds to different factors and layers according to the
Wood and Cohen models (Cohen, 2019, Wood, 2020) which highlights the need for a cross-sectional
approach or "Holistic", that complements the design of the successful interaction experience of
students in the MFD. Considering the three layers (the student, learning environment and, additional
factors), together with the elements of participation, question design, immediacy of feedback, sense of
involvement, confidence and anonymity. Which can impact the collaborative, cognitive, social, and
emotional engagement.

In the case of Q4, “How often did the students participate voluntarily during the class”, it can be
observed its relation to the questions Q2, Q3 Q13, Q17, and Q18. Again, the three layers are involved,
and the elements anonymity, active learning environment, sense of involvement, and confidence
appear. But in terms of classification only emotional engagement and social engagement are present.

The questions Q1, Q2, Q3, Q4, Q13, Q18, related to Q17 provide us with information that allows the
understanding of why the student points out “The technological platform allowed you to feel truly
involved and to be able to participate and interact appropriately with your classmates and teacher in
the synchronous sessions”. These correlations indicate that the factors that can influence the opinions
correspond to different factors and layers according to cited theorists as happened with Q2, which also
highlights the need for a cross-sectional approach to a successful design of students’ experience in the
MFD. The elements that can be identified correspond also to the three layers: the student, the learning
environment, and additional factors, considering the active learning environment, anonymity,
participation, and confidence; all these involving the emotional, social and collaborative engagement.

In a set of correlation that includes a more different group of characteristics the question Q23 - In
your class, were there moments / activities that led you to self-assess and feedback your own learning,
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and reflect on it? It can be observed in its relation to the questions Q1, Q19, Q21 and Q22. The
elements that can be identified correspond also to the layers: emotional, behavioral, and cognitive
engagement that focuses on students and an appropriate learning environment.

When comparing the descriptive statistics for each type of course in each question that resulted the
more correlated to identify if this could differ depending on the classification; it can be found that in
all cases mixed courses have a greater evaluation, and in most of the cases are followed by numerical
and then theoretical as shown in Figure 4.

Statistics Statistics

Variable Tipo de materia Total Count _Mean SE Mean StDev Minimum Median Maximum Variable Tipo de materia Total Count Mean SE Mean StDev Minimum Median Maximum
1 000 o0

Q Mixed 31 4839 0105 0583 2000 5000 5000 15 Mixed 31 4516 0170 0596 1 5,000
Mumerical 73 4219 0434 1046 1000 5.000 5.000 Numerigal 73 3808 0137 1174 5.000
Theoretical 39 3615 0251 1566  1.000 4000  5.000 Thearetical W 3974 0219 1367 < 000

Q2 Mixed a1 4710 0106 0588 3000 3000 3000 ayp wgiyed 31 3742 0282 1570 1000 5000  5.000
Numerical 73 4151 0128 1076 1000 5000 5000 Sumerieal 3 aess o1en 1479 <000
Thearetical 3% 3718 D238 1486 1000 4000 5000 Theoretical 39 3256 0234 1.464 1000 3.000  5.000

Q3 Mixed 31 3968 0220 1,224 1000 5000 5000
Wurmerical 73 2192 0158 1350 1000  3.000 5.000 Q7 Moed 31 4645 0143 0.798
Theoretical 39 3.282  0.249 1.555 1,000 4,000 5.000 Numerical 73 3890 0144 129

Theoretical 39 3538 0.243 1.519

o4 Mixed 3 4419 0472 0558 2000 5000 5,000
Numerical 73 3.863 0446 1251 1000 4000 5000 Q18 Mixed 31 4613 0144 0803
Theoretical 39 3590 0200 1.251 1000 3000  5.000 Numerical 73 4055 0142 1.212

Theoretical 39 3872 0212 1.321

Q5 Mixed 31 2774 0333 1857 1000 2000  5.000
Numerical 73 2845 0180 1536 1000 3000 5000 Q19 Mixed 3149032 0.0540 0.3005
Theoretical 39 3179 0238 1485 1000 3000  5.000 Numerical 7346575 00809 0.6916

Theoretical 39 4154 0182 1.138

Q6 Mixed 3149677 0032301796 40000 50000  5.0000
Mumerical 7346164 0092807929 10000 50000 50000 oo wrixed 31 4355 0477 0.985
Theoretical 39 4359 0458 0586 2000 5000  5.000 Mumerical D3 oa79s 0143 108

Q7 Mixed 3145032 00540 03005 40000 50000 50000 Theoretical WAl 0 s

imerical 73 46438 00943 08057  1.0000 5.0000 1000
I:‘rtca:ctfé.ll s:' :zsf JL??'.; 333; 1U:'EJ sttE_\ s;c-gu Qa1 Mixed 00893 0.4973
Numerical 356 0108 0.888

Q8 Mixed 31 48710 00768 04275  3.0000 50000 50000 Thearedical 3 410F 0180 1188
Numerical 73 4425 0420 1026 1000 5000 5000
Theoretical 29 4103 0201 1252 1000 5000 5000 Q22 Mixed 31 4774 0101 0.560

Numerical 73 4397 0103 0.878

Q9 Mixed 31 4613 0144 0803 2000 5000  5.000 Theoretical 39 3692 0255 1592
Numerical 73 4178 0433 1135 1000 5000 5000
Theoretical 39 4000 0229 1433 1000 5000 5000 Q23 Mixed 31 4613 0120 0.667

Numerical 73 4283 0102 0874

Q10 Mixed 3 4323 0470 0845 2000 5000 5000 Theoretical 39 3692 0252 1575
Mumerical 73 3904 0448 1227 1.000 4,000 5.000
Theoretical 39 3615 0216 1350 1000 4000 5000  gad  Moed 31 4355 0483 1.018

Numerical 73 4110 0124 1.061

Q11 Mixed 31 4226 0235 1309 1000 5000 5000 Theoretical 39 3867 0961 1638
Numerical 73 4041 0463 1389 1000 5000  5.000
Theoretical 39 35I| 0265 1652 1000 4000 5000 oo L 1 4543 0138 0768 2000 5000 5000

Q12 Mixad 51 qa83 ero 000 S:000 % 000 Mumerical 73 4096 0133 1932 1.000  5.000 5,000
Numerical 73 4452 0401 0867 1000 5000  5.000 Theoretical 3 ATE 024 1503 1000 4000 5000
Theoretical 39 3923 0219 1,365 1000 5000 5000

Q26 Mixed 3 3.968 0,225 1.2%1 1.000  4.000 5.000

Q13 Mixed 3 4742 0413 0631 2000 5000  5.000 Numerical 73 3644 0145 1251 1000 4000 5000
Numerical 73 4288 0413 0864 1000 5000 5000 Theoretical 39 3615 0245 1532 1000 4000 5000
Theoretical 39 3769 0225 1.404 1000 4000  5.000

Q27 Mixed 3 4,000 0301 1673 1.000  5.000 5.000

Q14 Mixed 31 4161 0263 1463 1000 5000 5000 Numerical 73 4041 0764 1393 1000 5000  5.000
Numerical 73 3781 0437 1470 1000 4000  5.000 Theoretical 39 3615 0269 1680 1000 5000  5.000
Theoretical 30 3846 0228 1.424 1000 5000  5.000

Figure 4: Descriptive Statistics for questions 1 to 27 considering course classification.

The results of the analysis made to find if these differences were significant are shown in Table 2,
where the black dot represents a significant difference and the white dot indicates that no significant
difference was found. Where the most significant differences were found was in the comparison of
mixed and theoretical courses, followed by mixed and numerical analysis and at last with fee
difference detected the analysis of numerical and theoretical courses. For Q1, there is a significant
difference between the opinions considering the course type, indicating that students felt more
motivated to be present in the class session in a mixed course rather than in a theoretical one. When
considering the motivation to participate in class (Q2) there is no difference between theoretical and
numerical courses, which were evaluated with medium-high score, compared with a higher score for
mixed courses that also were more consistently evaluated with a high rate. When students were asked
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if they had been participating more actively in an MFD course, it was also identified a significant
difference between the mixed courses and theoretical and numerical ones, but in this case the scores
for this question (Q3) were medium-high and medium-low, respectively.

Table 2: Identification of significant differences between means considering type course.

Q# Numerical Mixed vs Mixed vs Q# Numerical vs  Mixed vs Mixed vs
VS Numerical ~ Theoretical Theoretical Numerical ~ Theoretical
Theoretical

Q1 ° ° ° Q15 o ° o

Q2 o ° ° Q16 o o o

Q3 o ° ° Q17 o ) °

Q4 o ° ° Q18 o ° °

Q5 o o o Q19 ° ) °

Q6 o ° ° Q20 o ° °

Q7 o . . Q21 o . °

Q8 o ° ° Q22 ° ° °

Q9 o o ° Q23 ° o °

Q10 o o o Q24 o o °

Q11 o o o Q25 o ° °

Ql2 o o o Q26 o ° o

Q13 o ° ° Q27 o o o

Q4 o o o

This can indicate that the MFD does not necessarily promote by itself and active participation of
students, it is important to identify, which characteristic is responsible for it. For the question Q4 -
During your class, how often did you participate voluntarily? - There was no difference between
opinions in numerical and theoretical courses, but there was for mixed and these to classification and
evaluations tends to be medium - high; so, it can be suspected that elements in mixed courses can
derive a greater willingness to participate. The question about the moments / activities that permit
interaction with the professor (Q6) mixed courses were highly evaluated with almost no deviation in
the opinions and a significant difference with the other two types of courses.

For Q13 that refers to the active participation of the students through solving exercises, teamwork
and/or discussion, the mean evaluation differs if we compare types of courses. It was found a
significant difference in the three evaluations: numerical - theoretical, where numerical got higher
evaluations; in mixed - numerical and mixed - theoretical the higher evaluation was for mixed
courses. This indicates that mixed courses tend to have more activities where students can participate
more actively than other courses. Considering the students’ feeling about being involved by the
technological platform and if it allowed them to participate and interact with classmates and
professors in a synchronous session (Q17), also mixed courses were highlight with better evaluations,
opinions for numerical and theoretical (medium evaluations) courses did not differ but when
comparing them with mixed ones (high evaluations) it did. This can be associated with the
relationship with other elements not just because of the platform but with the elements included in the
design of the course. Same happened when comparing opinions for Q18 which evaluates if the
technological platform used for the synchronous sessions made them feel comfortable and safe to
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share their opinions or doubts, where mixed courses differed from numerical and theoretical ones.
Also, for Q21 that asked about the frequency of professor feedback, the opinions for mixed courses
were higher than in numerical and theoretical courses, although the three obtained high evaluations,
the students for mixed courses were more consistent in their answers. This aspect could influence the
opinions of other questions.

According to the research findings, when designing a MFD course some proposals can be considered
to motivate and engage students, for example, include specific moments of interaction between
students and teachers, like discussing open questions or debates, to reinforce the participation levels
and to increase motivation. As mentioned by Bolliger and Martin (2020) in their study, the inclusion
of this kind of interaction windows like discussion forums, journal entries, or reflection moments,
improve the “peer engagement” between students and teachers.

Another proposal could be to include teamwork activities that require the use of technology, this will
enhance the feeling of being present and facing a common objective, resulting in more engaged
students. Bolliger and Martin (2020) also found in their study that the different strategies involving
interactions between students and the use of synchronous web conference technologies impacted
positively the “multimodal engagement”, which refers to the engagement shown when different
modes of content delivery are used in an online session like text, audio, video, images, etc.

One last proposal would be the use of academic technological platforms that can provide continuous
feedback about exercises or activities to let students to self-asses their knowledge and compare their
progress. Lu et. al (2020), mentioned that even when a student could not meet a teacher in person,
they are willing to interact in an online format because they still can receive feedback in time and feel
that their personal needs are better addressed.

Discussion

According to Wankel and Blessinger (2013), in blended learning, students feel more comfortable and
engaged in their courses when they participate using technological tools. Also, Conrad and
Donaldson (2011) related engagement with social cognition, constructivism, and an active and
problem-based learning where instructors facilitate the environment. The results obtained in this
research are aligned with both approaches, the correlation between the use of technology, the student
participation, and the challenging activities found in some of the course’s design shown a higher level
of motivation and engagement among students.

Also, Richardson, York, and Lowenthal (2014) agreed that improving online interaction impacts
positively the overall experience and encourage students to enroll and complete online courses. The
proposals made from this research focused on reinforcing the design of MFD courses based on
including different types of interaction moments between students and teachers using a technological
platform.

It is important to clarify that the MFD courses appeared as a solution for ensuring continuity in
education due to the pandemic COVID-19 restrictions. The results given by the students are under the
context of not having real options to continue with their studies. In a regular situation, the students
have a preference towards Face-to-face education due to several factors like learning environment,
socializing, psychological state, and experience, among others (Kanik, 2021).
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More research and data will be collected in the future to validate if these proposals have a positive
impact on the course’s evaluation and to confirm if the students feel more motivated and engaged
with the Industrial and Systems Engineering Program.

Limitations

The analysis and results presented are limited to a group of Industrial and Systems Engineering
students in a private college located in Northwestern Mexico, different results can be found with
different populations. Further studies should include a wider population, comparing the differences
between regions and study programs.

Also, it must be considered that the survey was applied during the first months of the pandemic, the
results can differ from others that can be obtained when gathering information in future stages of the
pandemic. This can happen if we consider factors such as: professor experience with MFD courses,
emotions about the pandemic and the students over exposition to digital courses. Future analysis
should compare opinions over time.

The study does not include the design of the teaching methodology of each course, so results can be
influenced by the course design made by each professor.

The results obtained from the comparison between types of courses cannot be interpreted as a
negative evaluation for numerical and theoretical courses as compared to mixed ones because they
also obtained good evaluation from medium to high. The objective of the comparison and analysis is
to identify if the nature of the course influenced the opinions and notice the importance of considering
the course type when designing a course, and the elements that can be included to improve students’
participation and motivation. The analysis just observed if courses evaluations differed, next studies
should derive in looking for correlations to include recommendations for each classification.

Conclusions and Recommendations

In Flexible Digital Model Student Motivation to participate and interact in the class session
throughout the technological platform, is directly correlated with the inclusion of moments / activities
that allowed a student to interact with his/her teacher, ask him questions and have answers as well as
get feedback from the teacher. It also motivates students to be present and to participate voluntarily,
feeling involved comfortable and safe to express her/his opinions and doubts. This design includes
named elements considering Emotional, Cognitive, Social and Collaborative Engagement that focuses
on students and an appropriate learning environment.

Considering if in a MFD course the technological platform allowed student to feel truly involved and
to participate and interact appropriately with her/his classmates and teacher has a positive correlation
to the fact that the design of the course includes solving exercises, discussing with colleagues,
teamwork, etc., which motivate students to participate and interact more actively and to be present in
the class session, feeling comfortable and safe to express her/his opinions and doubts.

This design includes named elements considering emotional, and social engagement that focuses on
students and an appropriate learning environment.
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About the voluntary students’ participation in a MFD course, also a positive correlation is found with
the aspect of solving exercises, discussing with colleagues, solving team activities, etc. Deploy such
that students feel motivated, involved, and comfortable and safe to express her/his opinions and
doubts. This design includes named elements considering emotional, cognitive, and social
engagement that focuses on students and an appropriate learning environment.

Additionally, the inclusion of activities that led students to self-assess and feedback her/his own
learning and reflect on it, correlates also with including activities that made the student realize the
degree of progress in her/his learning and hooked to continue in that process. All of it supported by
teacher explanations, exercises, and frequent feedback to students, having a positive impact in the
student’s motivation to be present in class. This design includes named elements considering
emotional, behavioral, and cognitive engagement that focuses on students and an appropriate learning
environment.

The evaluation of students for each question is influenced by the course type. In this case, the mixed
courses tend to have better evaluations than numerical and theoretical ones. This indicates that some
elements were more included in the design of the mixed courses that could derive a positive reaction
about motivation and participation. It can be suggested that numerical and theoretical courses
incorporate elements that are found in mixed courses. Future studies will be focused on the influence
of the elements that work for each type of course to increase student engagement.

The redesign of a course often is a challenging experience for professors and when done in it from a
face-to-face course into a synchronous digital more elements have to be considered. The findings
presented in this article can help professors to redesign their courses with some elements that
potentiate voluntary participation and motivation to interact during the class and being aware of the
impact of the nature of the course.
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Appendix

List of the survey questions applied to the Industrial and Systems Engineer students at Tecnologico de
Monterrey Campus Sonora Norte:

Q1. I am motivated to be present in the class session.

Q2. | am motivated to participate and interact in the class session.

Q3. Under the Flexible Digital Model (MFD) my participation in class has been more active.

Q4. During your class, how often did you participate voluntarily?

Q5. In the Flexible Digital Model (MFD) | do not like to share my video in Zoom and | feel shamed

Q6. In your class, were there moments / activities that allowed you to interact with your teacher, ask
him questions and have answers?

Q7. The frequency with which my teacher uses tools and technologies during my class is:

Q8. In your class, were there moments / activities where, through technology, you had the opportunity
to comment, discuss, have a voice?

Q9. Activities through technological platforms (kahoot, stomboard, socrative, padlet, etc.) motivate
you to participate more.

Q10. The activities through technological platforms where your name is not requested (menti, poll
everywhere) motivate you to participate more.

Q11. In your class, were there moments / activities that ranged from individual work, to pair work, to
teams with your colleagues?

Q12. In your class, were there moments where through technology you had the opportunity to
contribute to activities with other classmates and be part of it?

Q13. | actively participate (solving exercises, discussing with colleagues, solving team activities,
etc.).

Q14. How often we work in groups (using breakout rooms) on activities designed by my teacher.

Q15. How often did the sessions generate moments for the discussion of topics between you and your
classmates?

Q16. Do you consider that the academic environment between you and your classmates encourages
competitiveness?

Q17. The technological platform allowed you to feel truly involved and could participate and interact
appropriately with your classmates and teacher in the synchronous sessions.
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Q18. The technological platform used for the synchronous sessions of your class made you feel
comfortable / safe to express your opinions and / or doubts.
Q19. The frequency with which my teacher explains course content and / or solves exercises.

Q20. How often my teacher asks us to read or view material before class sessions and asks us to
complete a type of test or quiz before class starts.

Q21. How often did you get feedback from your teacher?

Q22. In your class, were there moments / activities that made you realize the degree of progress in
your learning and hooked you to continue in that process?

Q23. In your class, were there moments / activities that led you to self-assess and feedback your own
learning, and reflect on it?

Q24. How often did the teacher ask to do a reflection activity at the end of class; for example, asking
guestions, expressing our learning?

Q25. | adjusted in my study method by consulting the class videos, study materials and feedback
provided by the teacher to better understand the topics.

Q26. | discovered the need to seek and consult additional information to the material provided by the
teacher.

Q27. Do you think that the teacher correctly adapted the pace and content of the class with respect to
the performance that the group was showing?
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