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Abstract 
Competency-based Education enables students to reach a specific level of mastery to learn a concept 
or a skill at a certain level at their own pace with no concern about the learning context. However, a 
modified version of competency-based learning will facilitate the science methods course because it 
will conform to the time set by the university. Therefore, the students are expected to complete this 
course in a semester. There are four modules in this science methods course based on the Common 
Knowledge Construction Model of teaching and learning. They are as follows: Exploring and 
Categorizing Students' Conceptions of a Natural Phenomenon; Constructing and Negotiating Scientific 
Explanations; Translating and Extending to Socio-Scientific Inquiry; and Reflecting and Assessing. 
The modules are grounded in the Variation Theory of Learning espoused by Phenomenography, 
which studies how individuals experience, conceptualize and understand in differing ways. Students' 
conceptions constitute categories of description or outcome space in which the learners move around. 
Each module comprises one primary competency and several sub-competencies. There will be a 
timeline or due date for the completion of each module, and the associated competency and sub-
competencies. There are videos of teacher professor modeling; and rubrics or criteria related to each 
competency and some or all the sub-competencies with which students can assess their achievement. 
The discussion will involve Module One design and development in the Canvas Virtual Platform and 
its enactment in the science methods course. 

Keywords: competency-based learning, virtual learning, science teaching, and learning methods, 
variation theory of learning; phenomenography. 

1 INTRODUCTION  
Competency-based Education enables students to reach a specific level of mastery to learn a concept 
or a skill at a certain level at their own pace with no concern about the learning context [1] [2] 
[3].  Phenomenography frames this competency-based science methods course that adopts the notion 
of learning to teach science.  It is an empirical approach that originated in Sweden by Ferrence Marton 
and his colleagues in the 1980s [4]. It is a research tradition that probes into how individuals 
experience, perceive, conceptualize, and understand a natural or a social phenomenon in qualitatively 
differing ways.  Qualitative changes occur through learning to transform an individual’s reality.  Thus 
phenomenography is grounded in the variation theory of learning that can serve as an analytical tool 
to describe, interpret, and represent conceptions of a phenomenon.  

A person’s experience of a phenomenon is described in one or more relations between that person 
and the specific subject of interest [5]. The relational quality of conception depends upon how a 
person experiences the context in which an activity is situated. 

The content is the referential aspect. The context of the content is the structural aspect, which is the 
learners’ conceptions or meanings or understandings of a phenomenon, Hence, the observation of a 
phenomenon (what—the specific content) is linked to the learner’s experience (how—
understanding).  The quality of the relational link between “what—content” and “how—meaning or 
understanding” is situated in the context of experience. 

According to [6], a conception, therefore, is two-dimensional: one dimension focuses on the content of 
the subject (the referential aspect), and the other focuses on how a learner understands the content 
(the structural aspect). The structural aspect is the awareness structure of each descriptive category, 
that is, a particular conception or way of thinking is usually delimited to internal and external horizons 
(Bruce et al., 2004). The internal horizon of conception or meaning represents the focus of the 
phenomenon, which comes to the foreground. The external horizon represents the background of the 
learner, essentially the perceptual boundary associated with how he or she sees.  
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Learning content according to the phenomenographic view does not mean to receive knowledge or 
information. Instead, phenomenographic view of learning is developing the internal relationship 
between a person and the content of interest and becoming more knowledgeable in a domain, which 
implies a qualitative change to a deeper and more complex understanding of the phenomenon within a 
learning context. This involves a change in the learner’s perspective, and the move between different 
perspectives shapes his or her thinking and understanding of the phenomenon. Thus, a learner’s 
conception of a phenomenon is provisional and qualitative. 

2 METHODOLOGY 
A Canvas-based module is used to teach an online science methods course for secondary science 
pre-service teachers from the variation theory perspective (Marton & Tsui, 2004). Based on the 
competency-based education characteristics, a module was developed on Canvas. 

Of the 24 features in Canvas, I have used the following: Home, Announcements, Assignments, 
Discussions, Grades, People, Pages, Files, Syllabus, Outcomes, Quizzes, Conferences, 
Collaborations, Chat, Attendance, Echo360 Recordings, Office, LockDown Browser, Class Notebook, 
Library Resources, McGraw Hill Campus, Course Tools, and Settings. 

3 RESULTS 
The results exemplify the first competency-based module from the variation theory of learning. The 
first module consists of exploring and categorizing students’ conceptions, course readings, 
developing, implementing, and reflecting on lesson one.  The results are also about augmented reality 
comprises videos on the professor’s explanations of variation theory of learning, learning sciences, 
and nature of science, and learning sciences.   

3.1 Pages: Competency-Based Education 
Competency-based Education enables students to reach a specific level of mastery to learn a concept 
or a skill at a certain level at their own pace with no concern about the learning context. However, you 
will engage in a modified version of competency-based learning in this science methods course 
because we need to conform to the time set by the university. Therefore, I hope you will complete this 
course in a semester. 

There are four modules in this science methods course. Each module comprises one major 
competency and several sub-competencies. 

I will set up a timeline or due date for the completion of each module and the associated competency 
and sub-competencies. 

There will be rubrics or criteria associated with each competency and some or all the sub-
competencies with which you can assess your achievement. This marking scheme will indicate 
success. 

The minimum requirement for each competency and sub-competency is C +. 

3.2 Pages: Competency 1: Exploring and Categorizing Students' Conceptions 
of a Natural Phenomenon 

The title of Module One is Exploring and Categorizing Students' Conceptions. 

The main competency in Module 1 pertains to the strategy of exploring and categorizing students' 
conceptions. You will learn this strategy by observing a school classroom teacher modeling in her/his 
classroom and then examining a lesson plan based on the model. 

When you understand the notions of exploring and categorizing students' conceptions, you will be able 
to do the following: 

Write a lesson plan on exploring and categorizing students’ conceptions of a scientific or natural 
phenomenon. 

Enact this lesson plan in the classroom as part of the clinical experience. 
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Note: Your lesson plan will be submitted online to the Teacher Education Division as a source of data 
to check quality assurance. 

3.3 Pages: Four Sub-Competencies 
Based on the first competency, you should be able to achieve the following sub-competencies: 

1 Write an exploring and categorizing activity to gather students’ conceptions of a natural 
phenomenon. 

2 Enact exploration activity in the classroom. 
3 Categorize students' conceptions. 
4 Write the first lesson plan. 

Rubric for lesson plan 1--sub-competency 1.docx 

3.4 Pages: Exploration Activity  

3.4.1 A video of a Chemistry Teacher and his students 
The teacher distributes a demonstration-observation-explanation (DOE) worksheet to each student. 
Then he demonstrates the following salt-water activity.  

I have a glass of water. 

I add a pinch of salt to the water. 

I stir it. 

The teacher asks the following probing questions: 

1 What do you think might be happening to salt and water when I add salt to the water? Write 
your answer. See students’ responses (students’ DOE worksheets scanned). 

2 If you were to wear an imaginary pair of glasses and see what is happening to salt and water, 
what do you think might be happening? Write your explanation and draw a picture. See 
students’ responses (students’ DOE worksheets scanned). 

3.4.2 Pages: Questions for Sense-Making of the Exploration Activity 
First, write answers to the following questions. Then share your responses on the Discussion Board 
and engage in a conversation. 

Demonstration 

- Why would the teacher use salt-water activity to explore students’ ideas?  
- What are the keywords in the two questions that the teacher posed to his students?  
- Why did the teacher use these words? 
- Why did the teacher ask the two different questions? 
- Why did the teacher ask each student to write his or her ideas? 

Students Sharing 

Why does the teacher call on most of the students to share their ideas?  

- When eliciting students’ responses orally, why does the teacher refrain from using words of 
praise such as good, great, etc.? 

- Why does the teacher write the students’ answers on the board? Write your answer. 
- Why does the teacher ask students to write their reflections about the lesson? 
- Why does the teacher collect students’ DOE worksheet and their reflections?  
- Why did the teacher connect the exploration lesson to the nature of science?  

Marks 
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3.4.3 Pages: Categorization Activity 
Look at the scanned copies of students' conceptions of salt-water activity. 

See Lesson Plan 1 in Table 2 for how students' responses and their drawings are categorized and 
label. 

3.4.4 Assignments: Categorization (Students’ answer sheets scanned) 
Read students’ responses to the first and second questions. 

Group similar answers. 

Label each group. 

Draw table 1 with the following title: The frequency of students’ conceptions of salt-water activity 
(n=20) and three columns: Categories of Students’ Conceptions, An Example of Students’ 
Conceptions, and Frequency.  

3.4.5 Assignments:  Questions for Sense-Making Categorization of Students’ Ideas 
Write answers to the following questions: 

1 Why does the teacher construct a table? 
2 Why does the teacher construct a table? 

After observing the sample lesson, you will answer questions in segments, to make sense. 

3.5 Pages: Course Readings 
You will be prompted to read an article on an appropriate page to have a better understanding of the 
course. 

Çalık, M., Ebenezer, J.  (Equal authors, 2018). Innovative Technologies-Embedded Scientific Inquiry 
Practices: Socially Situated Cognition Theory. Robert Zheng, Editor Strategies for Deep learning with 
Digital Technology: Theories and Practices in Education. Nova Science Publishers, Inc. 

Ebenezer, J. (2013). Social justice pedagogy for all science learners.  Book Review of Tan, E., 
Barton, A.C. with Turner, E., and Gutierraez, M.V. (2012).  Empowering Science & Mathematics 
Education in Urban Schools. Studies in Science Education, 252-
264.  DOI:10.1080/03057267.2013.802461 

Wood, L., Ebenezer, J., & Boone, R. (2013).  Effects of an intellectually caring model on urban African 
American alternative high school students’ conceptual change and achievement.  Chem. Educ. Res. 
Pract., 14(4), 390-407. DOI: 10.1039/C3RP00021D 

Ebenezer, J., Kaya, O.N., & Ebenezer, D.L.  (2011). Engaging Students in Environmental Research 
Projects: Perceptions of Fluency with Innovative Technologies and levels of Scientific Inquiry 
Abilities.  Journal of Research in Science Teaching, 48(1), 94-116.  

Ebenezer, J., Chacko, S., Kaya, O., Koya, K., Ebenezer, D. L.  (2010). The Effects of Common 
Knowledge Construction Model sequence of lessons on science achievement and relational 
conceptual change.  Journal of Research in Science Teaching, 47(1), 25-46.  

Ebenezer, J. V., & Fraser, D.  (2001). First-year chemical engineering students' conceptions of energy 
in solution process: Phenomenographic categories for common knowledge construction. Science 
Education, 85, 509-535.  

Ebenezer, J. V., & Erickson, G.  (1996). Chemistry students' conceptions of solubility. Science 
Education, 80(2), 181-201.  

Ebenezer, J. V., & Gaskell, P. J.  (1995). Relational conceptual change in solution chemistry.  Science 
Education, 79(1), 1-17.   

Ebenezer, J. V. (1992).  Making chemistry learning more meaningful.  Journal of Chemical Education, 
69, 464-467.  
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3.6 Assignments: Your Turn—Develop Lesson Plan One 
Based on the sample lesson plan one of a unit on solution chemistry, write your lesson on a topic of 
your choice based on Michigan Content Standards (Hyperlink to the standards Provide COE format of 
the lesson plan) 

Develop a rubric for this lesson plan. 

3.7 Assignments: Your Turn—Implement Lesson Plan One 
Find a science teacher. 

Get permission to go to his or her classroom. 

Collect students' ideas on a topic of your choice. 

Write your Lesson Plan 1. 

Marks 

3.8 Discussions: Reflections on Classroom Implementation 
This is an open-ended reflective activity. Your reflections should be rich. Provide evidence for your 
claims. 

Share your reflections on Discussion. 

Respond to your peers' comments.  

Rubrics for the Richness of Reflections 

3.9 Assignments: Question for Sense-Making on Teacher Reflections 
Write an answer to the following question: 

Why does the teacher reflect on this lesson? 

3.10 Pages: Augmented Reality 

3.10.1 A video on the Variation Theory of Learning 
You watch a video of your science teacher educator explaining the variation theory of learning that 
underlies your "exploration and categorization" activities in Lesson Plan 1. 

You will learn the following concepts: 

Intra-variation is the different ideas a person has of a natural phenomenon. The same student my 
conceptualize as salt is melting in water and salt is combining with water. 

Inter-variation is the conceptual difference between students. That is, one student might think that salt 
is melting in water.  Another might be view salt is combining with water. 

When a teacher groups similar conceptions into categories of description. Each category is given a 
label such as melting theory, chemical combination theory. 

Outcome space refers to the categories of description in which students move around. 

To engage in the phenomenography teaching, the teacher should relinquish power and move into the 
students' world and uses a task that the student can relate to or one that is part of his/her experience. 
Then the teacher explores students' conceptions with the task through a demonstration, pictures, etc. 
Students work individually and write responses in a worksheet to the second order prompts. The 
teacher collects the students' worksheets and categorizes their conceptions by color-coding and 
attaches a label each category represented by a color. Then the teacher draws a table like the one in 
Lesson Plan 1. 

3.10.2 A Video on Learning Sciences 
Professor explains the learning sciences—behavioral, conceptual, social, emotional, and spiritual. 
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3.10.3 A Video on the Nature of Science 
Professor explains the nature of science based on this lesson. (knowledge generation) 

3.10.4 Exploration Activity, Teacher Sense-Making, and Expert Sens-Making (video of 
teaching preservice teachers) 

1 Professor demonstration of exploration 
2 Professor having teacher candidates making sense-make of the exploration activity 

o choice of the task 
o construction of worksheet 
o why have students do it individually  
o why ask second-order questions 
o why make categories 
o why have students share their conceptions 
o why categorize and make a tally 
o why assess 

3 Professor draws the teacher space with the teacher wearing a crown. (metaphor) 
4 Professor draws the student space 
5 Professor explains why the teacher should step into the students’ space by removing the crown 

(metaphor) 
6 Professor provides the theory on funds of knowledge (prior experience, cultural, equity—

reaching out to all students) 
7 Professor provides the theory on inter- and intra-variations for categorization 
8 Professor provides the theory on subject-object relations. Relational meaning is important—

Marton’s learning theory 

3.11 Assignments: Answers to the Questions 
Why would the teacher use salt-water activity to explore students’ ideas?  

Expert Sense:  The students are familiar with the salt dissolving in water.  So, when you explore 
students’ ideas, the exploration activity must be from the students’ experience. 

What are the keywords in the two questions that the teacher posed to his students? Why did the 
teacher use these words? 

Expert Sense: “What do you think?” These words denote the second-order question. The second-
order question elicits a personal view. The first-order question is “What is ----?” The first-order 
question elicits a book answer. 

Why did the teacher ask the two different questions? 

Expert Sense: The first question elicits the macroscopic view (the visible). The second question elicits 
the sub-microscopic view (the invisible). 

Why did the teacher ask each student to write his or her ideas? 

Expert Sense: Students are expected to write and draw their answers individually so that they can 
track their responses as the unit progresses. 

3.11.1 Students Sharing 
Why does the teacher call on most of the students to share their ideas? 

Expert Sense: Traditionally, the teacher waits for the right answer and moves on with the lesson. 
Asking many students is to give an equal and fair opportunity for students to articulate their ideas. 
Students should feel that they are heard and their voices count. 
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When eliciting students’ responses orally, why does the teacher refrain from using words of praise 
such as good, great, etc.? 

Expert Sense: Students should not be praised because their answers should not be judged. The 
teacher needs to give an opportunity to all students regardless of their answers. 

Why does the teacher write the students’ answers on the board? 

Expert Sense: The teacher records the students’ answers and tallies them. If there is time, the teacher 
with the help of students groups them into categories and labels them. 

Why does the teacher ask students to write their reflections about the lesson?  

Expert Sense: Students should be given an opportunity to reflect on what they learned that day by 
engaging in the lesson and their attitudes towards exploring their ideas. 

Why does the teacher collect students’ DOE worksheet and their reflections? 

Expert Sense: The teacher collects students’ worksheets so that he can analyze students’ responses, 
interpret them, and group or refine the categories and labels. 

Why did the teacher connect the exploration lesson to the nature of science? 

Expert Sense: The exploration lesson reveals the tentativeness of ideas and may require conceptual 
change. 

4 CONCLUSIONS 
This competency-based course development on Canvas is grounded in the variation theory of 
learning. All activities, discussions, and assignments reflect the variation theory of learning. The 
augmented reality includes discussions on the theory learning, learning science, and nature of 
science.  All videos will be taken in 2019 Fall semester. Implementation and pilot testing will begin in 
2020 Fall semester. 
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