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Abstract: Massive open online courses (MOOCs) can be designed with different pedagogical
approaches and course components as in face-to-face courses. In this context, the development of
some standards and field-specific design principles related to MOOCs is seen as a critical step for the
creation of quality online courses. The aim of this study is to examine the MOOC experiences of the
learners in mathematics education and proposing reflections about design principles of MOOCs for
mathematics education. In this respect, the MOOC experiences of 30 teacher candidates enrolled in
MOOCs (with mathematic education context) were analyzed, and the general course structure,
pedagogical orientations, and mathematical connection elements used in these MOOCs were
examined. The data obtained from the participants revealed a comprehensive course evaluation
structure including 7 categories and 85 codes under 3 themes and mathematical connection findings
consisting of 3 categories and 3 subcategories. The research findings uncovered that teacher
candidates had course experiences that differed according to national/international MOOC evaluation
criteria in terms of audiovisual elements, video/course durations, interaction-feedback features, teaching
methods, measurement/evaluation, and mathematical connection dimensions. Course evaluation
codes/propositions and mathematical connection findings that emerge as a result of this research can
be considered as a resource that can be used in the design of MOOCs to be planned in mathematics
education.

Keywords: MOOCs for mathematics education, MOOCs for teacher education, mathematical
connection, online mathematics education, preservice mathematics teachers

Highlights

What is already known about this topic:
e Developing domain-specific design principles related to MOOCs is critical to improving learner
outcomes
e The question of how to design a MOOC for a practice-based field such as mathematics
education has not yet been answered in the literature
What this paper contributes:
e The data obtained from the participants revealed a comprehensive field specific MOOC
evaluation structure
e In mathematics education MOOCS, the "connections with real life" strategy is the most
intensely observed mathematical connection strategy
e 4-5-minute videos were insufficient in learning the course subject, whereas videos lasting
more than 20 minutes could reduce the attention of the learner
Implications for theory, practice, and/or policy:
e MOOC designs can be customized in mathematics-related courses differently from traditional
evaluation criteria.
e Opening a separate parenthesis in MOOC designs to the subject of mathematical connection
strategies may become an essential design element in the future
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Introduction

In recent years, more and more online courses have started to be offered to learners, especially in
higher education, with online courses being incorporated into the teaching curricula of universities in
many countries (Gonda et al., 2020). Today, many universities from different parts of the world offer
significant opportunities/incentives for their enrolled students to take online courses along with face-to-
face (F2F) courses during their teaching process (Hamann et al., 2021; Wang et al., 2021). While there
are different reasons underlying this incentive, these reasons can be fundamentally related to
technology (Bozkurt et al., 2015) and changing learner characteristics (Engelbrecht et al., 2020).

Especially "the OpenCourseWare movement" that came to the agenda with the year 2002 and the
massive open online courses (MOOCS) that are a product of this movement have created an axis shift
in higher education. MOOCs have enjoyed marked popularity in higher education and have formed a
major trend throughout the entire educational world. MOOCSs, which peaked all over the world with the
year 2012, paved the way for the rethinking of the traditional higher education structure built on F2F
education. Today, MOOCs have become a "mainstreaming learning model" especially in higher
education (Bozkurt, 2021). It is now an accepted fact that skill-based learning processes are more valid
in real life than diploma-based formal teaching. In addition, changing learner demands, the flexibility
brought by technology, and the economic structures of universities are also making online courses
increasingly accepted in higher education.

MOOCs offer learners a flexible learning opportunity and differ from other formal online courses in
several aspects (Bozkurt, 2021). MOOCs are open online courses, usually 4-8 weeks long, with a mass
audience, free or affordable. These courses are offered by different higher education institutions through
various MOOC provider platforms or by the platforms created by universities. After its advent, the
number of MOOCs that make hype with the year 2012 is increasing year by year. As of 2021,
approximately 19400 online courses have been introduced by 950 universities worldwide (excluding
China) (Shah, 2021).

Figure 1. By the numbers: MOOCs in 2021 (Shah, 2021)
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According to their general pedagogical structure, MOOCSs can be classified into three basic categories
(Aldon et al., 2019):

“XxMOOQOCs (e.g., Coursera or Udacity) are designed on a pedagogical model dominated by drill
and grill teaching methods, "using video presentations, quizzes, and tests" (Yuan & Powell,
2013, p. 7); cMOOCs or connectivist MOOCs, for example, Connectivism and Connective
Knowledge, are based on the theory of learning with informally developed networks" and are a
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participatory pedagogical model and quasi-MOOCs, for example, Khan Academy that provide
online open educational resources aimed at supporting learning-specific tasks and do not offer
social interaction of cMOOCs or a structured xMOOC course structure (Siemens, 2013, p. 8).”

MOOCs can be designed with different components, durations or pedagogical approaches, as in F2F
courses. However, the development of some standard or domain-specific design principles related to
these courses is also critical to improving learner outcomes (Drake et al., 2015). In addition, the
evaluation of online courses in terms of different learning components is regarded as an essential step
in the creation of quality online courses (Baldwin & Ching, 2019). In the literature, there are different
studies (Baldwin & Ching, 2019; Clark & Mayer, 2016; Drake et al., 2015; Guardia et al., 2013; Jaggars
& Xu, 2016; Ralston-Berg, 2011; Yousef et al., 2014) and evaluation tools (Quality Matters Higher
Education Rubric, 2018; Canvas Course Evaluation Checklist, 2019; Blackboard Exemplary Course
Program Rubric, 2017) that offer propositions related to online course design. It is noticeable that there
are limited studies on MOOC designs in the relevant literature (Drake et al., 2017; Wang et al., 2021). It
should not be forgotten that the pedagogical design of a MOOC is the most crucial factor affecting the
quality of the course, and the quality of the course is the most essential factor affecting the usefulness
of the course, the participation in the course, the participant engagement, and the attendance to the
course (Yang et al. 2017). One of the notable interpretations in the literature on MOOC designs is the
inclusion of more complex studies such as "learner and instructor interviews, and actual MOOC session
observations" in addition to surveys or other descriptive studies (Zhu et al., 2018). Apart from this, it is
known that MOOC designs continue with the design elements of the first periods (Bozkurt, 2021).

One of the hotly debated topics of discussion in online learning is, how a pedagogical process should
be established for the efficiency of online courses in practice-based fields such as mathematics
education (Smith & Ferguson, 2004; Smith et al., 2008). In the teaching of mathematics, the focus is not
only on the teaching of knowledge, but also on the development of skills. In the mathematics education
literature and in the curriculum of many countries, there is often an emphasis on the development of
various mathematical skills (NCTM, 2010; MONE, 2018). In this direction, it seems inevitable to rethink
how online mathematics teaching can improve skills along with theory. In this sense, MOOCs also have
important opportunities for the field of mathematics education. Borba et al. (2016) explain this situation
as follows:

“The potential of MOOCs to disrupt the institutional and hierarchical nature of
traditional education, offering students opportunities to access courses without
prerequisites, without fees (unless they require a record of course completion), and
the potential of MOOCs to affect access to and the quality of mathematics education
is not well understood. (p. 606)” (Borba et al., 2016)

One of the aforementioned math education skills is "mathematical connection." Mathematical
connection is a mathematical process skill. This process skill enables the understanding of mathematical
thoughts and the relationships between them (Van de Walle et al., 2012), thus enabling more successful
learning of mathematics (Hard et al., 2022). Mathematical connection skill is critical in terms of learning
new concepts (Mousley, 2004), establishing a link between formal mathematics learned in school and
everyday life (NCTM, 2000). The Turkish Ministry of National Education has also recommended that
teaching environments should be prepared for the interrelation/connection of different forms of
representation (MONE, 2013: VI). In addition, different visual structures and representations used in the
courses were found to have a significant positive effect on the mathematical connection skills of the
learners (Kenedi et al., 2019). At this point, it should be noted that there are clues in the literature that
the different materials and flexibility provided by online education have more positive effects on the
mathematical connection skills of learners than F2F learning (Hard et al., 2022). In the light of all these,
it can be thought that planning to support mathematical connection skills in the structuring of MOOCs
related to mathematics education can have an effect on the efficiency of these courses.

68



Asian Journal of Distance Education Yig, K. G.

Various studies show that there are different classifications of mathematical connection skill. However,
in these studies, it is seen that connecting mathematics within itself, connecting it with different
disciplines and connecting it with daily life is commonly at the forefront (Ozgen, 2013). This study
examined mathematical connection skill elements in MOOCs within the scope of the different types of
connection titles such as connections with mathematics in itself, which was widely used by Ozgen (2013,
2016) (connections between concepts and procedures, connections between different representations,
connections between different mathematics subject areas), connections with real life and connections
with other disciplines.

Based on the aforementioned arguments, the main purpose of this research was to examine the
experiences of mathematics education teacher candidates regarding MOOCs. This examination was
carried out through two main foci. The first of these was to examine the course structure and general
pedagogical systems of 3 different MOOCs experienced by the teacher candidates, and the second was
to follow the strategies related to the mathematical connection elements in the courses with the context
of mathematics education. In this respect, the research sought answers to the research questions listed
below:

1. What are the opinions of teacher candidates about the structural features of the course videos
(visual features, durations of videos-course, audio elements) used in MOOCs with mathematics
education context?

2.  What are the opinions of teacher candidates on the interaction-feedback features in MOOCs?

3.  What are the opinions of teacher candidates on pedagogical approaches (assessment/evaluation,
motivational strategies and elements, teaching methods and techniques) in MOOCs?

4. What are the mathematical connection elements (connections with mathematics in itself,
connections with real life, connections with other disciplines) that are included in MOOCs for
mathematics teaching?

Methodology
Research Design

The research was designed as a qualitative single holistic case study. Qualitative case studies are
carried out to examine a limited system or event in detail and in depth (Glesne, 2016, Stake, 2005).
Although the researcher can determine the focus of the examination, which can be specified as a limited
system, the individual holistic case analysis used in this study is suitable for cases where the system
components/limits cannot be understood sufficiently and clearly (Yin, 2009). This methodological choice
aims to examine complex systems (such as MOOCs examined in the study), "interactions within the
system" (Sezgin, 2018) through techniques such as observation, interview, or document analysis
(Glesne, 2016). Case study findings obtained through experiencing the condition provide researchers
with the opportunity to notice the deficiencies associated with the system being studied and improve on
the existing one.

Study Group and Data Collecting Tools

The participant group of the study consisted of 30 secondary school mathematics teacher candidates.
All of the participants were candidates who had online course experience but had not previously
registered for a MOOC. A semi-structured interview form created with the help of field experts and online
learning experts was used as a data collection tool.

Research Process
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Following the start of the Covid-19 pandemic process, teacher candidates continued their formal
education through online learning for 3 semesters. In the research process, teacher candidates were
asked to take 3 MOOCs of their choice from various online platforms and to examine these courses in
the context of the research framework created with the help of researchers, field experts, and online
learning experts. The MOOC experience and completion process of the teacher candidates lasted about
2 months. The stages of the general MOOC experience process of teacher candidates are listed below.

1. Teacher candidates discussed about the online learning platforms they used during the pandemic.
After the discussion, they were asked to come to the next meeting by researching MOOC platforms.

2. Teacher candidates came to the F2F class by researching different MOOC providers and discussed
about these platforms/courses in these platforms.

3. For the following F2F meeting, teacher candidates were asked to choose various MOOCs and to
register to them if they liked them.

4. Teacher candidates registered for 3 different courses from different platforms. In the following
process, they were asked to examine the structural features of the courses and the mathematical
connection strategies used.

5. In the following weeks (with the completion of the online course processes), interviews were
conducted with teacher candidates about MOOCs.

Analysis of the Data

Within the scope of the research, qualitative content analysis was performed on the data collected from
the participants. Qualitative content analysis aims to create specific categories from the data/answers
collected on research questions selected by the researcher. The creation of categories is based on the
identification of codes and patterns within texts (Patton, 2015).

Figure 2. Analysis process (adapted from Mayring 2000)
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Thematic analysis approach was also used together with content analysis depending on the research
questions. The analyses were carried out through MAXQDA qualitative analysis software. As a result of
the content analysis of the first three research questions, 7 categories (sub-themes) emerged under 3
themes. The fourth research question, the analysis of mathematical connection elements, was
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examined regarding connections with mathematics in itself, connections with real life, connections with
other disciplines by considering the theoretical framework of mathematical connection skills in the
literature. In the analysis maps created in this study through the MAXQDA software, the concepts were
shown in different sizes based on the code density. The basic analysis process of the research was
carried out with an inductive process.

Validity and Reliability

The data obtained from the participants were independently examined by 2 field experts and an online
learning expert and themes/categories were created. Then, all the data is once again read independently
by 2 field experts, and coded under the relevant themes. Interrater reliability was calculated to
demonstrate the reliability of the research with the relevant process. The final version of the code
schema and themes was agreed upon. The reliability coefficient between coders was determined as k
= 0.890 in the study. In addition, in order to ensure the credibility of the research, various quotations
about the transcrypted views of the teacher candidates were presented in the results section.

Findings

Findings on the structural features of the course videos used in MOOCs with mathematics
education context

After the content analysis, the experiences/opinions of the research participants regarding the structural
features of the course videos used in the MOOCs they completed were grouped under 3 categories.
These are the video visual features, audiovisual features, and the video/course durations.

Figure 3. Structural features of the course videos used in online courses.
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Although it is noticed that the participant opinions about the video structure are concentrated in the
visual flow and elements of the videos, it can be claimed that the codes for the course-video duration
and the audio features of the videos show a balanced distribution. The code categories that emerged
under the video visual feature’s theme are presented in Table 1 below.

Table 1. Codes-Propositions for video visual features

. . . Frequency within the
Codes- Propositions for video visual features q y

code group
Seeing the instructor's face-eye contact 26,36
Proper use of tone of voice, gestures, and body language 11,63
Supporting narration with engaging visual materials 10,85
The composition of the background (being remarkable, not distracting) 10,85
Writing and teaching with colored pencils 8,53
Using different types of visuals (animation, cartoon use, etc.) 7,75
Use of context-related visuals 7,75
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Clear image to see every detail, image quality can be adjusted 5,43
Setting the font size appropriately for viewers 3,10
The instructor's personal appearance (dressing, smiling, etc.) 3,10
Proper distribution of the screen in the video, no distracting visual components in the overall 3,10
video, simplicity

Change of camera angle in problem solutions and similar expressions 0,78
When the video is paused, there is no different text, advertisement etc. in the image reflected 0,78

on the screen

Table 1, which contains the codes for the video visual elements, shows that code blocks such as the
personal appearance and movements of the video narrator, the background of the video and the
distribution of the elements in the video on the screen, and the visual materials contained in the videos
stand out. In addition to these, it is noteworthy that variables such as fonts, font colors, and video quality
are among the codes under the theme.

Table 2. Codes-Propositions for audiovisual features

Codes-Propositions for audiovisual features Frequency within the

code group

Different tones of narration/emphasis in different subject sections - Using a non-vivid tone of 36,58
voice

Instructor’'s/Narrator's voice color 15,85
Sound quality-microphone quality (no background noises) 12,20
Use of fluent, understandable and simple language/narration 9,76
A friendly and reassuring tone of voice 6,10
Speaking speed of the instructor 4,88
No mechanical robotic voice-use of real human voice 3,66
Proper pronunciation-Diction 3,66
Keeping the volume constant in video transitions-preventing level differences 2,44
Using sample sound effects related to the topic described 2,44
Using the start and end sound effects of the subject 2,44

The most obvious code emphasized by the participants regarding the audios in the course videos is that
the course instructor’s narration (using dynamic and different tones of voice). Accordingly, participants
were disturbed by their unaccented monotonous narrator voices. In addition to intonation, the narrator's
having an intriguing voice color, diction, the sense of confidence and intimacy that his voice reflects are
the codes that depend on the narrator's characteristics. The smooth transmission of the video narration
to the audience also emerged as an element that requires environmental and hardware control. The
data obtained indicate that artificial sounds created by computers along with the narrator may also be
an important variable for online courses. In addition to the demand for the use of live human voices in
the video-lessons and the discomfort felt from mechanical sounds, the sound effects and sample sounds
used in various situations in the videos are also among the variables that can affect the course
engagements of the participants.

Table 3. Codes-Propositions for video/course durations

Codes-Propositions for video/course durations Frequency within the

code group
4-5-minute videos are insufficient in terms of attention-focus in mathematics education 45,45
20-30-40-minute videos are too much in terms of attention-focus in mathematics education 18,18
In the first week of the course, the total number of course duration-videos specified on the 24,24
course main page; too much is daunting/too little lowers motivation
The total course hours/video duration of 4 weeks is too short to learn the subject 9,09
Short-form videos are appropriate in a reinforcing context, long-running videos are appropriate 3,03

in an instructive context

The course video durations of the courses attended by the participants during the research process
were recorded by the researcher. Accordingly, the video duration of the courses completed by the
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participants was quite different from each other. In the research, specific opinions of mathematics
education teacher candidates regarding video/lesson durations were revealed. Accordingly, it was
stated that short videos of 4-5 minutes in online mathematics education courses were insufficient in the
context of learning the course subject, whereas the videos lasting more than 20 minutes, could reduce
the attention of the learner. In this regard, the participants evaluated that the short lecture videos were
reinforcing and the long lecture videos were instructive. Apart from this, the large number of videos listed
on the main page of the course during the first-class week (and therefore the total duration) indicates
that there may be an interface planning that can lead learners to develop negative ideas about the
lesson.

Findings on interaction-feedback characteristics in MOOCs

In another research question of the study, the opinions of the participants about the interaction and
feedback elements in the online courses were analyzed. The codes determined after the analysis can
be shown in Table 4.

Table 4. Codes-Propositions for interaction-feedback features

. . . Frequency within the
Codes-Propositions for interaction-feedback features q Y

code group
Providing a discussion forum-providing student-student interaction 28,57
Providing an environment where the student and instructor can interact about the course 19,05
Providing quick feedback 14,29
Automatic feedback after written question and answer in video 9,52
Peer assignment feedback 9,52
Providing a course evaluation area for students 9,52
Providing under-video discussion area 4,76
Finding a personal promo video placement space 4,76

The table illustrates that the existence of discussion forums where the participants -especially learners
with learners- can interact, as well as the presence of an interaction mechanism where the learner and
the instructor can interact one-on-one are positive features. Actions such as providing quick feedback
to learners, either automatically or individually, and giving feedback to assigned assignments are also
critical features that learners value about the course. In addition, interaction design elements such as
the provision of special discussion areas for the whole course or the video content and the personal
introductory video areas that can trigger social interaction are also features that are noted by the
learners.

Findings on pedagogical approaches in MOOCs

After the content analysis, the experiences/opinions of the research participants regarding the
pedagogical approaches used in the MOOCs they completed were collected under 3 categories. These
are teaching methods/techniques, assessment/evaluation, and motivational strategies/elements.

Figure 4. Pedagogical approaches in MOOCs
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Table 5. Codes-Propositions of teaching methods and techniques

Codes-Propositions of teaching methods and techniques Frequency within the

code group

Using analogy/metaphor 23,01
Using question-and-answer-brainstorming as if there were one-on-one interaction 22,12
Direct instruction technique- the use of a conversational narration 17,70
Problem solving 14,16
Transferring experience on the subject (individual memories-learning adventures, etc.) 4,42
Narration using body language 4,42
Progress of the instructor by writing what he/she will tell on the board -(not using preset 3,54
presentations)

Intensive use of visuals and narration through visuals (providing visual permanence) 3,54
Interview with experts at the end of class or during class reinforcing the subject 2,65
Teaching by recalling/recognition of previous knowledge 2,65
Demonstrating and having it done — encouraging students to experiment in their own physical 1,77

environment

Participants' opinions on the teaching methods and techniques used in MOOCs formed 11 different
codes. The codes under the theme include hints that asynchronous interaction can be enriched by using
various techniques in MOOC:s. In the context of mathematics education, making analogies to real-world
situations related to the topic at hand and comparing them to previously known examples, i.e., benefiting
from analogies, is a frequent strategy. In addition, problem solving (inductive or deductive), visualization
of the mathematical contents described (or narration with different visuals) and the narrator's progress
by writing instead of ready-made operations may be considered crucial.

Table 6. Codes-Propositions for assessment and evaluation elements

" . Frequency within the
Codes-Propositions for assessment and evaluation elements q y

code group

Using quiz after each course topic section (week, module) — (with time limit) 25,64
Using quiz, homework, open-ended questions, mini question-answer after each video 16,67
Use of exams as a condition for qualifying to the next section 10,26
Using quiz or question asking activity during class 6,41
Using post-quiz feedback, explanation and threading links 6,41
Immediate reflection of the answers on the screen at the end of the test 513
Using simple in-video quiz or assignment with an explanation of how to do it in the next video)- 513
asking and explaining inferential questions

Using simple activities-assignment (with no feedback) 513
Using single-answer open-ended, multiple choice or true-false questions 513
Using open-ended question and answer (written) 3,85
Providing hints in quizzes and ensuring that a solution is reached 2,56
Change of questions and options in repeated exams 1,28

Examining the opinions of participants on the topic of measurement and evaluation revealed that simple
measurement applications were more prevalent in MOOCSs than evaluation. These practices are usually
carried out through quizzes, simple homework-activities or open-ended questions. The point that draws
attention and needs to be investigated later seems to be the timing of the measurement activity
performed. This timing can be after the end of the lesson, after the course sections, after the videos in
the sections, or in the video (stop and ask questions). Apart from these, conditional passing applications
between course sections can be used as a basic evaluation element, and the competence of the
participants to pass to the next course section can be questioned. Providing quick feedback on the
measurement, thus directing the learners to the topics they are missing, is also one of the actions
regarded positively by the participants.

Table 7. Codes-Propositions for motivational methods and strategies

Frequency within the

Codes-Propositions for motivational methods and strategies
code group
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The instructor's physical appearance (having a beautiful face), body language, tone of voice 12,70
is very motivating

At the beginning of the course, giving remarkable information about the course, explaining the 11,11
purpose of the course in detail

Providing a one-to-one narrative feeling-Creating a conversational atmosphere 11,11
Using gamification elements (points system, energy system, progress bar, etc.) 7,94
Affirmation at the beginning or end of class (for example, “I am focused on success with my 6,35
heart and logic", etc. course introduction activities)

Interrupting the narrative and asking questions about the topic—for example, "What do you 6,35

think?", "It's your turn!, "“Is it right or wrong?" Student-activating narration (video stops and
answers are received)

Using joke-cartoons on the subject 6,35
Simulating and giving examples 3,17
Using play activities (in-class - extracurricular) 3,17
Using "are we ready" or "take a deep breath and let's get started" at the beginning of each 3,17
video

Automatic instant verbal or emoji feedback on question solutions 3,17
Question-and-answer activities at the end of the video 3,17
Continuously moving camera focus 3,17
Attention-grabbing use of images/objects in the background 1,59
Instructor talking about his/her own learning journey 1,59
Inclusion of common mistakes and their causes, and empathy 1,59
Easy navigation on the course page 1,59
Using practical applications that can be used immediately 1,59
Starting a presentation with a standout title that seems subject-independent 1,59
Visual integration of the instructor into the subject visuals explained 1,59
Motivational quotes during the video 1,59
Starting the course with an intriguing question 1,59
Presenting interviews with well-known/renowned experts in the field 1,59
Using a clapping effect in the final video 1,59
End of class talks, giving encouraging advice 1,59

When it comes to the category of motivational methods and strategies, it was determined that there are
quite a variety of motivational actions and strategies that attract the attention of the participants. It was
observed that the codes under the theme also show commonality with some codes related to teaching
methods and techniques or video structure. This can be taken for granted when the course design is
viewed from a holistic perspective. As in the theme of assessment and evaluation, it is noticeable that
there are motivational triggers that can be realized at different moments of the course under this theme.
However, it is noteworthy that for MOOC participants, the physical appearance of the instructor and the
features that stood out in some other themes such as body language and tone of voice may be prominent
MOOC design elements for the motivation of the learners. In addition, it was observed that strategies
such as giving remarkable course information at the beginning of the course, explaining the purpose of
the course, and creating a conversation atmosphere that evokes the one-to-one interaction situation in
the course process attract the attention of the participants more intensively. However, it should be
remembered that all the actions and strategies that appear under this theme, as with other themes, may
have critical importance separately. Since the qualitative analysis in the study was carried out with a
holistic approach, the codes under the theme can be clustered within themselves. For example, the
icebreaker and hook strategies used at the beginning of or during the course, the use of game and
gamification elements, focusing, positive belief, and attitude development activities are the main clusters
under this theme.

Findings on mathematical connection elements included in MOOCs with a mathematical
context

The views of teacher candidates about the mathematical connection elements contained in the MOOCs
were analyzed under 3 categories and 3 sub-categories.
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Figure 5. Mathematical connection elements included in MOOC:s.
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The intensity and type of mathematical connections vary according to the subject of the course. In the
MOOCs examined, it was remarkable that "connections with real life" was used more intensively than
other types of mathematical connection types.

Connections with real life

Teacher candidates found that the strategy of connections with real life is used in many MOOC:s.
Although examples of real-life situations differ according to the subject and the course designer, the
most common mathematical connection element is "connections with real life". It was seen that real life
contexts were used in various problem situations in the courses. For example, in relation to the subject
of integers, connections were made with receivables and payables; or an example of parked cars was
given to illustrate parallel lines. Also, sentences established in daily life were connected with the subject
of logic and expressed with logic symbols. Regarding the subject of probability, the "Monty hall" situation,
which includes a probability problem that is also the subject of competition programs in different
countries, was given as an example.

“There are 3 doors, and behind each door is a prize. But two of the prizes are small,
worthless awards. When the contestant chooses one of the 3 doors, one of the doors he
did not choose opens. Let's say one of the worthless rewards is at the door. One of the
closed doors has a grand prize and the other a worthless reward. The presenter asks: Do
you want to change your choice? If he changes his choice or if he continues with his first
choice, will he be more likely to win?"

Although connections with real life is the most emerging code group, some of the MOOCs chosen were
criticized for not having enough connections with real life. The statement of the teacher candidate is as
follows:

“I can say that the connections with real life was almost non-existent. From everyday life,
it could simply show the decimal numbers on the receipt or bill.” (P27)

Connections with mathematics in itself

This theme is discussed in 3 subcategories as connections between different mathematics subject
areas, connections between different representations, connections between concepts and procedures.
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Connections between different mathematics subject areas. Teacher candidates came across examples
of connections between required subjects in many MOOCs. For example, teacher candidates (who
followed a MOOC that addressed probability) stated that the subject was successfully connected with
sets, ratio, fractions, decimals, and percentages. In another course on the subject of fractions, it was
mentioned that the subject's ratio-proportion and the issues related to operations in fractions were
related to hcf-lcm issues. A MOOC on algebraic modeling is associated with geometry topics such as
height and volume. In another MOOC, teacher candidates who followed the topic of decimal numbers
stated that decimal numbers were related to the concepts of fractions and percentages. In the same
course, it was stated that cyclic decimal numbers were explained in relation to algebra and equation
issues. However, the teacher candidate made some criticisms by thinking that this would not be
appropriate in terms of the subject ranking in the Ministry of National Education program. The statement
of the teacher candidate is as follows:

“He used equality and equation when converting the cyclic decimal number into a fraction.
According to the program in Turkey, equality and equation are the subject of the 7th
grade. Okay, we introduce the cyclic decimal number in 6th grade and show how to
convert the cyclic number to a fraction in the 7th grade, but algebra is again after the
learning field of numbers and operations. A 7th grade middle school student in Turkey
cannot make sense of the video of writing a cyclical decimal number in fraction format
from Khan Academy” (P5)

Connections between different representations. Teacher candidates (although the MOOC followed
differed according to the subject of mathematics covered) stated that many different types of
representation were used in relation to each other. For example, it was stated that tables and graphics
were used in the “data” subject and that they were related appropriately. It was also stated that table
representation was mostly used in a course involving problem solving, and in a course related to logical
reasoning, propositions were shown with tables. Again, a teacher candidate noted that different
representations were used for a probability course as follows.

“In the probability course | enrolled in, connections were made between representations.
Representation by list, representation by table, representation by graph, verbal
representation, representation by set model were used. (P28)”

In another MOOC on numbers, the relationships of humber sets were expressed on both the Venn
diagram and the number line. In another course on fractions, it was stated that fractions were explained
with semi-concrete models, for example, with the image of pizza, as well as the field model and the
length model. Teacher candidates also expressed their views on the mathematical connection elements
that they expected to be included in their reports but were not included in the MOOCs. For example, a
teacher candidate expressed the expectation of connections with different representations in relation to
a course on the subject of integer as follows:

“Instructor never explained why the sign changed when multiplying negative numbers and
positive numbers in whole numbers, nor did he express it with any representation. He
could use number stamps, he could use the number line model, he could use patterns.
He didn't do any of it. (P1)”

Connections between concepts and procedures. Participants noted that in most MOOCs, a conceptual
expression is at the forefront, while processes and concepts are also related. In addition, it was observed
that there were only a small number of courses that explained mathematical operations and procedures.
For example, not only definitions of concepts such as experiment on probability and sample space were
given, but also what these concepts were in the context of the question was explained. A MOOC with
divisibility rules describes how to arrive at these rules, rather than giving them directly. In some courses,
it was stated that instead of giving a uniform solution to a problem, different solutions to the problem
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were included. The observation of a teacher candidate for a MOOC involving operations in decimal
numbers is given below:

“He explained that just as the sum of the ones digit and the ones digit are normally taken,
here the tenth digit and the tenth, the one percent digit and the one percent are summed
up, and he writes one below the other to easily distinguish the groups of digits and to add
the ones directly on the same digit. In the decimal notation, which is memorized, numbers
are written so that the commas are sublined one below the other, then added or
subtracted conceptually explained the operational knowledge. (P5)”

Connections with other disciplines

Participants encountered elements of connections with other disciplines in MOOCSs less frequently than
other types of mathematical connections. As can be seen in the examples, the course of integers was
explained in relation to meteorology. In the algebra course, the conversion of Celsius and Fahrenheit
units was used by connecting with science. A probability MOOC was connected with sports and included
a probability question asked by a famous athlete. The participants who enrolled in this course stated
that asking questions directly from the field by famous athletes was very effective in terms of both
connecting with different disciplines and motivation. Examples of games of chance, sports, stock market
and chemistry were also given in different probability courses. Participants generally stated that they
found the mathematical associations with different disciplines insufficient.

Discussion

The aim of this study was to examine the MOOC experiences of the learners in the field of mathematics
education and proposing reflections about design principles of MOOCs for mathematics education. In
this respect, the MOOC experiences of 30 teacher candidates enrolled in MOOCs (with mathematic
education context) were analyzed, and the course structure, pedagogical orientations and mathematical
connection elements used in these MOOCs were examined. The data obtained from the participants
revealed a comprehensive course evaluation structure including 7 categories and 85 codes under 3
themes and mathematical connection findings consisting of 3 categories and 3 subcategories. Before
proceeding to the interpretation of the findings, it should be noted that each of the codes obtained from
this study is actually a design proposal for MOOCs to be given in both a theoretical and practical field
such as mathematics education. Therefore, the study findings can answer questions such as what can
be considered when designing a MOOC in the field from the perspective of the participants studying in
mathematics education, and how the mathematical connection elements can be integrated into the
course. The issue of how online courses can be offered to learners in the most efficient way is one of
the questions that are still sought to be answered, especially in a field like mathematics education.

Online learning refers to a complex process that requires a rigorous design process and detailed
planning "aimed at creating an efficient learning ecosystem" (Bozkurt & Sharma, 2020). As mentioned
earlier, there are a variety of evaluation studies and tools in the literature that offer design
recommendations for online courses. The evaluation tools obtained as a result of these studies are
generally used in the form of checklists or rubrics (Baldwin & Ching, 2019). The main code list obtained
in this study presents 85 codes consisting of 3 themes and 7 categories, as well as evaluations under
the theme of mathematical connection. However, there are few studies containing detailed propositions
on MOOC:s in the relevant literature (Drake et al., 2017; Wang et al., 2021).

The first theme is the structural features of the course videos used in MOOCs in which a total of 30
codes/propositions for video visual elements (13), audio elements (11) and video-lesson duration (5)
were combined. Video visualizations are one of the most important elements of online courses and
therefore MOOCs (Ou et al.,, 2019). The bond with learners is provided primarily through videos.
However, more research is needed on instructional video design, which is supportive of learning (De
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Koning et al.,, 2018; Hansch et al., 2015). Yousef and others (2014) analyzed effective MOOC
environments according to learner and teacher opinions, and they determined 74 criteria under the
categories of instructional design, assessment, user interface, video content, social tools and learning
analytics. 14 of these criteria are related to the visual and audio elements of the lecture videos and the
duration of the video. Unlike the ones in the current study, the criteria of Yousef and others (2014) had
more general expressions. For example, the sound elements should be clear, the visual details should
be appropriate to the level of the participants etc. There were no design recommendations/propositions
in titles such as the personal appearance and movements of the video narrator, the background of the
video and the distribution of the elements in the video on the screen, and the visual materials contained
in the videos. The Canvas Course Evaluation Checklist (Baldwin & Ching, 2019) lists visual elements
with the provision of color contrast and the use of fonts and titles. In the studies of Abeer and Miri (2014),
where they evaluated MOOCs according to their learning views, presenting multimedia features,
pictures, animations and simulations as part of the learning materials were considered important.
Fiorella and Mayer (2018) have argued that breaking instructional videos into small pieces and making
video narratives from different perspectives (first person-third person) improves learning outcomes, and
that seeing the instructive face on the screen has no effect on learning outcomes. Clark & Mayer (2016)
states that the use of different types of visuals is an important strategy of the multimedia principle. In
this current study, especially striking codes/propositions such as background layout, interesting and
various in-class visuals emerged, as well as seeing the teacher's face, personal appearance (dressing
and smiling, etc.) were determined as desired situations by the participants. Videos with talking heads
of professors are also known to be more engaging (Guo et al., 2014).

There is no detailed list of recommendations in the relevant literature on the use of audio elements in
MOOCs. However, apart from the visual elements in videos, the use of audio elements is also an issue
that needs to be elaborated on in video design. Of the studies that evaluated MOOCSs in detail, only
Yousef et al. (2014) referred to the use of sound elements in general terms ("sound should be clear").
The audio element is usually an element that can be evaluated holistically with the video design. This
study provides detailed suggestions on how audio elements can be used in a MOOC video content.

In the study, video or total video durations in MOOCs were examined according to the opinions of the
learners. Different studies have suggested that short-form videos in online classes and MOOCs are
more engaging (0-3 min) and impressive, ideally less than 6 minutes (Guo et al., 2014). In this research,
online mathematics field courses were examined and according to the participants, it was stated that 4—
5-minute videos were insufficient in learning the course subject, whereas videos lasting more than 20
minutes could reduce the attention of the learner. In this research, it was concluded that the participants
did not prefer the short form videos in courses such as mathematics education, but the videos could be
created between 5-20 minutes. In addition, there are opinions that it may be appropriate to have a total
course duration of more than 4 weeks in mathematics education MOOCs.

The second research problem examined the opinions of teacher candidates regarding the interaction-
feedback characteristics in MOOCs. The majority of studies in the literature indicate that interaction,
feedback, and collaboration are critical variables for online courses (Jaggars & Xu, 2016). Common
assessment criteria in various online course evaluation studies include student feedback on the learning
process, community building, presentation of instructor contact information, activities to ensure student-
student interaction (discussion, project, etc.) and student-instructor interaction, and activities to
encourage student-content interaction (engaging content, must-do content, etc.) (Baldwin, & Ching,
2019; Baldwin et al., 2018). In addition to interaction and collaboration between course stakeholders,
social networking, interest groups, peer support (Guardia et., 2013), peer instruction (Hew, 2016),
discussion forums (Coetzee et al., 2014), e-mail messages, and chat components (Abeer & Miri, 2014)
are frequently referred to components in online courses and MOOCs that are thought to affect student
success (Kellogg et al., 2014). In this study, findings supporting the relevant literature were reached.
However, unlike the literature, participants considered the sub-video topic discussion areas and the

79



Asian Journal of Distance Education Yig, K. G.

personal introduction video upload areas as positive interactional components. These are simple but
effective components that can support social interaction and peer learning, and moreover, engage
individuals in lessons.

In the third research question, the opinions of teacher candidates on pedagogical approaches
(measurement and evaluation, motivational strategies and elements, teaching methods and techniques)
in MOOCs were analyzed. The relevant literature indicates that different measurement and evaluation
methods can be used for MOOCSs. These methods can be examined in 3 groups; quizzes (weekly, video-
back, mid-term exams, final exams, and homework), peer-graded assignments (open-ended questions,
final projects), and discussion forums, (graded according to the average of votes, posts, views) (Abeer
& Miri, 2014). In Baldwin et al. (2018) study, 12 different online course evaluation tools were examined
and it was determined that rubrics stand out as a common measurement tool in all assessment tools.
However, in a similar study, it was revealed that self-evaluation is regarded as a common measurement
approach in MOOCs (Baldwin & Ching, 2019). Peer feedback (Guardia et al., 2013, Yousef et al., 2014),
determination of transparent grading criteria (Jaggars & Xu, 2016), use of low stakes (formative) and
high stakes (summative) measurement activities (Johnson, 2019) are also frequently referred to
measurement and evaluation principles. In the studies of Yousef et al. (2014), 14 different assessment
and evaluation strategies were identified. Apart from some basic principles (providing diversity of
question types, quiz-test submission, deadline for measurement, giving feedback in each measurement,
etc.), codes/propositions such as putting quizzes after each task, providing tips in quizzes, providing
quick feedback /correct answers of each quiz, suggestion of new questions by learners, and
development of peer assessment module stood out as findings that support the findings of this study.
As mentioned before, the findings of the current study, when evaluated together, indicate that simple
measurement practices are included in MOOCs rather than evaluation, and that the timing of the
measurement activity performed is crucial in the basic course design plan.

Online learning has a different pedagogy than face-to-face learning. Active learning and collaborative
activities that participants can interact with are essential in ideal online learning (Baldwin & Ching, 2019).
Again, there are various activities that stand out in different MOOC evaluation studies and are
recommended to be performed since instructional design is the most important factor in MOOCs and is
a sine qua non process for the quality of the course (Oh et al., 2020). In different course evaluation
studies, some basic design principles have come to the forefront. Some of these include clearly stating
course objectives, ensuring collaboration between participants, including mentoring activities, including
activities that support self-regulation, giving understandable examples independent of culture (Yousef
et al., 2014), providing problem-based activities (Hew, 2016), using instructor humor correctly (Baker &
Taylor, 2012), and providing helpful and supportive course materials (Hew, 2016).

In addition, it is common for MOOCs to prefer plain narration using only PowerPoint presentations
(Abeer & Miri, 2014). In general, when different national and international evaluation tools are examined,
it is noticeable that detailed propositions are not presented regarding the teaching methods and
techniques for the MOOCs. However, the findings obtained in this study offer clues that the course
experience can be enriched by using various narration techniques in MOOCs. These tips may be seen
as especially important for course contexts that also have an applied aspect, such as mathematics
education. Holistic examination of the codes/propositions show that pedagogical actions are generally
focused on enriching the narration and that the inclusion of problem-based activities in the course
process is seen as positive. Continuing the subject by activating the previous information, capturing the
mood of conversation, creating a discussion environment with expert interviews, demonstration,
intensive visual use, and similarly the use of body language and transfer of experience or learning
adventures are some of the educational suggestions that stand out in this study.

Motivational methods and strategies are a category that can be evaluated within the instructional design,
but in this current study, participants drew a lot of attention to the use of these strategies. As a result of
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the analysis, this has led to the gathering of codes under a separate theme. Although this issue is
considered quite important in the literature (Park & Yun, 2018), it has not been considered as a separate
category in evaluation studies. This situation can be considered normal when motivational methods and
strategies are accepted as part of the pedagogical design. Nevertheless, the 25 codes/propositions
obtained in this study can be considered to be important MOOC design elements in areas such as
mathematics education when the voice of the learners is heard.

The relevant literature states that mathematical connection skills are tried to be developed with various
online methods (Rohendi, 2012; Ariyani et all, 2020). However, there have been no studies with reviews
or recommendations for the design of a MOOC. The mathematical connection findings of the current
study revealed that the use of different mathematical connection strategies in the courses varied
according to the course planning. There are no studies in the relevant literature that can be compared
with these study findings. However, holistic analysis of the findings of the current study shows that
"connections with real life" was the most mentioned one among the mathematical connection strategies
in MOOCs. The intensity of the connection codes encountered after this, is respectively, "connections
between different mathematics subject areas”, "connections between different representations”, and
"connections between concepts and procedures ", which are among the sub-dimensions of “connections
with mathematics in itself”. The least used connection strategy was "connections with other disciplines"
and teacher candidates emphasized that the courses were inadequate in this regard. However, the
participants noted that, contrary to this finding, it was highly motivating for the course to have a good
connection strategy with other disciplines.

Various studies that have examined mathematical association skills found out that the participants'
related connection skills were not at the desired level (Ozgen, 2013; Yavuz Mumcu 2018; Rahmi et. all,
2020). Considering sub-dimensions of mathematical connection (although the dimensions in which
better mathematical connection is done result differently in different researches), it is seen that, in
general, the dimension of connecting mathematics in itself is not at the desired level, and the dimension
of connecting it with different disciplines and daily life remains at low levels (Baki et all, 2009; Ozgen,
2013; Yavuz Mumcu 2018). Yavuz Mumcu (2018) stated that this difference may be related to the formal
difference of the application/data collection processes of the researches. In relation to the MOOCs
examined in this research, it was noticed that different mathematical connection elements were at the
forefront in different courses. Therefore, in the development of mathematical association skKills, it is
thought that the development of these skills can be contributed to by a MOOC design in which the sub-
elements of the connection skills are well planned.

It is thought that mathematical connections can be realized more intensively and easily, especially since
MOOCs make it easier to integrate different technologies into the courses in a more practical way. These
courses, which are carried out in the digital environment, have some potentials such as easy use of
different virtual manipulations, easy inclusion of different visual models, and rapid creation of graphics
on various topics. However, there have been criticisms that some courses do not use sufficient amounts
and varieties of representations. This is related to the planning of the MOOC content and therefore to
the instructional design. Based on all these points, it can be claimed that for a more qualified online
mathematics course, the contents should be planned by considering which skills can be developed in
what way as well as the information required to teach the mathematics subject addressed in the courses.

Conclusion and Suggestions

This qualitative research comes with interesting questions for online learning and mathematical
education: How can MOOCs be redesigned for math education? Is mathematical connection used in
MOOCs with mathematics education context, or how can it be used? The research results provide some
clues that MOOC designs can be customized in mathematics-related courses differently from traditional
evaluation criteria. While searching for these clues, the voices of mathematics education teacher
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candidates were listened to. The use of MOOC:s in the field of teacher training has not yet become fully
widespread, especially in mathematics education. From this point of view, it seems crucial to select
teacher candidates as research participants and to obtain different perspectives.

According to the framework of Biglan’s (1973) hard domains and soft domains, mathematics education
is located somewhere in between. This is because although mathematics education seems to be under
social sciences-educational sciences, it can also include pure mathematics subjects. Accordingly, the
content, instructional and measurement differences between different disciplines, described by
Neumann et al. (2002) in their Biglan (1973) taxonomy, should be regarded as normal to appear in
MOOC:s. In this context, it is also natural that there are differences in mathematics education, which can
be considered as an intermediate discipline (especially when online pedagogy is considered). The
results of this research reflect a pedagogical perspective that includes a mixture of both "teaching and
learning activities being focused and instructive” and "teaching and learning activities largely
constructive and interpretative” (Neumann et al., 2002) approaches in parallel with the characteristics
of hard and pure domains.

In addition, it is obvious that not all of the 85 design propositions obtained in the study can be used in a
single MOOC. In this context, it can be assumed that the more of the obtained design propositions
(specific to the relevant themes) are used, the more it can affect the efficiency of the course. Of course,
MOOC designs are highly influenced by domain-specific practices and contents, but it can also be
considered that design proposals shaped by learner opinions can make a significant contribution to
MOOC designs in line with the suggestion of Zhu and others (2018).

An important part of the pedagogical design of MOOC is the design of course videos. However, there is
no one-size-fits-all method of making a learning video (Hansch et al., 2015). One of the significant
findings of this research is that it presents various findings regarding video designs in MOOCs with a
mathematics education context. MOOC pedagogical designs can be redesigned to meet changing
learning needs by being shaped according to participant and expert opinions as a field dependent
approach. In this sense, it can be thought that this study, which evaluates the voices of the participants,
can support MOOC design decisions. It should be noted that MOOC design and planning is a critical
development process that can affect course quality, and quality can affect learner engagement,
understanding, and retention (Drake et al., 2017; Yang et al. 2017).

In MOOCs with a mathematics education context, mathematical connection is a design component that
can improve understanding in the course, and thus be important on the learning outcomes of the course.
However, the results of this research provide data that while mathematical connections can be used
extensively in MOOC:s, it is not used properly. Although it is not traced in the literature, it can be
assessed that this deficiency may be a significant variable in the design of MOOCs with a mathematical
context. Therefore, opening a separate parenthesis in MOOC designs to the subject of mathematical
connection strategies may become an essential design action for these courses in the future.

One of the important limitations of this study is that only participatory opinions were used when obtaining
the design codes/propositions. As mentioned earlier, there are different national/international tools to
evaluate the designs of MOOCs. While some of these tools have been created by experts, some of
them listen to the voice of the learners. Therefore, in future studies, especially in field-dependent
MOOCs, the joint work of learners, instructors and online experts, as well as various empirical
researches specific to the field, will pave the way for the development of effective, efficient and
widespread MOOC:s.
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