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Abstract

This study is to ascertain if pupils are able to identify the core concepts and draw connections between different science disciplines. With these connections, pupils will be better able to remember, explain and apply scientific concepts to novel situations.  The Project group (N=28) will be taught Science lessons using the Concept-Based Instruction (CBI) approach incorporated in a Understanding by Design (UbD) framework whereas the comparison group (N=28) will be taught using isolated facts as presented in the textbook. Findings suggested that when pupils were taught by CBI, they were better able to transfer knowledge through an authentic task in a new context. Feedback from the pupils indicated that they find the CBI lessons engaging.
Introduction

The mission of the Science department at North View Secondary school is to nurture engaged pupils who are passionate about the learning of science, and who have acquired enduring understandings of important science concepts. 

In particular, science teachers in the department have identified one key weakness in students’ cognitive process—the inability to transfer their learning to other contexts. This weakness has resulted in pupils constantly being unable to answer questions that require them to apply their knowledge in context; different from what they have learnt in class and they also failed to see the connection between the different science disciplines. We hope to lead pupils out of this quagmire and elevate pupils’ cognitive processes, such that they will be able to transfer their learning across contexts and analyze effectively.

According to Wiggins and McTighe (2006) the UbD framework consists of a three-stage approach to lesson planning, or what is more commonly known as “backward design.” 
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Established Goals: e

o What relevant goals (e.g., content standards, course or program objectives, learning outcomes) will this
desigh address?

Understandings: Q Essential Questions: @

Students will understand that . .. * What provocative questions will foster inquiry,

* What are the big ideas? understanding, and transfer of learning?
¢ What specific understandings about them are

desired?

* What misunderstandings are predictable?

Students will know . . . e Students will be able to . . . e
s What key knowledge and skills will students

acquire as a result of this unit?
¢ What should they eventually be able to do as

a result of such knowledge and skills?

Performance Tasks: a Other Evidence: @
o Through what authentic performance tasks e Through what other evidence (e.g., quizzes, tests,
will students demonstrate the desired academic prompts, observations, homework, jour-
understandings? nals) will students demonstrate achievement of
e By what criteria will performances of the desired results?
understanding be judged? ¢ How will students reflect upon and self-assess
their learning?

Learning Activities: °
What learning experiences and instruction will enable students to achieve the desired resulte? How will
the design
Help the students know Where the unit is going and What is expected? Help the teacher know Where the
students are coming from (prior knowledge, interests)?
= Hook all students and Hold their interest?
= Equip students, help them Experience the key ideas and Explore the issues?
= Provide opportunities to Rethink and Revise their understandings and work?
Allow students to Evaluate their work and ite implications?
= Be Tallored (personalized) to the different needs, interests, and abilities of learners?
= Be Organized to maximize initial and sustained engagement as well as effective learning?
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Figure 1: UbD Three-stage Approach

Source: 2006 by Grant Wiggins & Jay McTighe, Understanding by Design.
The three-stage approach in Figure 1 includes the following:
1. Identify desired results (established goals, understandings and essential questions) 

2. Determine acceptable evidence (performance tasks) 

3. Plan learning experiences and instruction 

Concept-Based Instruction (CBI) will be incorporated into the UbD framework. As stated by Erickson (2008), Figure 2 shows the relationships of concepts to topics and facts, generalizations, principles and theories in the structure of knowledge. 
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Figure 2: The Structure of Knowledge 
Source: 2008 by H. Lynn Erickson, Stirring the head, heart and soul: Redefining curriculum and instruction (3rd ed.).

In identifying the Big Ideas for Science, we have chosen to anchor on the important concepts of Science. We see these concepts as what is really worth learning. And when students have acquired an understanding of these concepts, they will be able to apply their learning in varying contexts.
This would mean that instead of teaching pupils isolated facts, which as mentioned by McCoy and Ketterlin-Geller (2004) and Twyman  and Tindal (2005), pupils often study facts without reaching larger concepts, thus unable to understand the connections that link the concepts together in different contexts. Teachers will be using facts as a means to help pupils reach a deeper understanding of the transferable concepts and principles of the discipline. “Concept brings focus and depth to study and lead student to the transferable, conceptual understandings. These conceptual ideas are commonly referred to as enduring understandings" (Erickson, 2008)

Several CBI studies have shown that pupils in the concept-based environment were able to answer open-ended questions that required them to apply the concept in an evolving situation, demonstrating higher order thinking (Chappell and Killpatrick , 2003; McCoy and Ketterlin-Geller, 2004; Twyman and Tindal, 2005).
Another important factor in effective learning and teaching of Science is pupil engagement. As mentioned by Fedricks (2004), engagement is defined as behavioral engagement, emotional engagement and cognitive engagement. As cited by Fedricks (2004), there had been a positive relationship between behavioural engagements and achievement outcomes in studies done by (Connell, Spencer & Aber, 1994; Marks, 2000; Skinner, Wellborn &Connell 1990; Connell & Wellborn, 1991). Newmann (1992) also mentioned that if pupils are not engaged, they will only give superficial results and not be able to retain nor transfer the knowledge well. There are three factors that affect engagement, namely, pupils’ fundamental needs for competence, the extent to what pupils experience in school and the authenticity of tasks given to the pupils.

Based on the literature reviewed, it is hypothesized that pupils going through lesson anchored on CBI, (1) are better able to transfer knowledge through an authentic task in a new context, (2) exhibit better engagement in Science lessons. The following research question is also asked: How do students perceived the learning experience in lessons anchored on CBI?

Method

Participants

This study involved two Secondary One classes. As it is not convenient to randomize the pupils within the school content, they stayed in their own classes throughout the project period. Instead before the project commenced, the classes’ latest Term 1 CA results were used to check group equivalence. The profile of the participants and the results of the CA1 are shown in Table 1. For the Sec 1 Express Term 1 CA, the Project group scored a mean of 66.3 (10.71) and the Comparison group 72.5 (10.17). There is a mean difference of 6.2 in favor of the Comparison group. The corresponding standardized mean difference (SMD) is -0.61 is a medium by Cohen’s criterion.

Table 1. Profile of participants

	
	Project

(N=28)
	Comparison

(N=28)

	Level/Stream
	1E3
	1E2

	Boys:Girls
	10:18
	13:15

	Teacher

Teaching Experience
	Miss Low Jiayi

2 years Biology
	Miss Estelle Chong

1 year Biology

	CA 1
	66.3 (10.71)
	72.5 (10.17)

	Mean difference
	-0.62

	SMD
	-0.61


Experimental Design

Since the two groups were non-equivalent, we decided to employ the non-equivalent pretest, posttest design. After which, the results will be analyzed using gain analysis.
Procedure

The pupils in the Project and Comparison groups will be given a pretest during the first week of Term 3. In Term 3 week 3, the teacher in the Project group will teach the pupils the chapter: Kinetic Particle Theory as a Chemistry Topic using CBI while the teacher teaching the pupils in the Comparison group will be teaching the pupils this topic using facts presented in the textbook. The pupils in the both groups will go through a three weeks intervention. After which, both Project and Comparison groups will be given the posttest which is the same as the pretest. 
Measures
To measure the transfer of knowledge, pupils of both groups will be given the same pretest and posttest that consists of Physics and Chemistry structured questions. 

For measuring pupils’ engagement in learning, data of pupils’ responses for the engagement subscales of the PETALSTM Engagement Indicator Questionnaire were analysed. The subscales comprised Affective Engagement, Behavioral Engagement and Cognitive Engagement. Pupils were required to rate the degree in which they agree wit the ten item statements, based on a 11-point Likert-type scale. 

 In order to have a better understanding of the pupils learning experience using CBI, a focused group interview (3 random groups of 5 pupils) which will last for at least an hour will be conducted after the intervention. 

Results

Quantitative Analysis: The pretest and posttest consist of authentic physics and chemistry structured questions. To check the score reliability, two teachers mark the posttest from a sample of 30 pupils. The Pearson’s r of 0.92 indicates that the two sets of marker have high consistency between the two sets. There is a mean difference of 0.40 with a SMD of 0.15 which is negligible in magnitude. There is an inter-rater agreement of r= 0.92. This indicates an overlap of 84% of the two sets of scores.
Table 2. Comparing non-equivalent groups through gain score analysis
	
	Pretest
	Posttest
	Gain

	
	Proj
	Comp
	Proj
	Comp
	Proj
	Comp

	N
	28
	28
	28
	28
	28
	28

	Mean
	0.43
	2.64
	8.11
	7.32
	7.68
	4.68

	SD
	0.69
	1.87
	2.56
	3.10
	2.47
	2.72

	Difference
	-2.21
	0.79
	3.00

	SMD
	-1.18
	0.26
	1.10


Table 2 shows the means and standard deviations for the comparison and the project group using gain analysis scores. Two classes took a pretest on the Science topic, Kinetic Particle theory. The negative mean difference of -2.21 shows that the comparison group had done better than the project group on the pretest. The large SMD 1.18 indicates that the two groups are not equivalent at the beginning of the project.  The same test was taken by the groups again as posttest and the difference of 0.79 with a SMD of 0.26 shows that the intervention has produced only a small effect. 

However, as the comparison on posttest did not take into account the initial difference of a large size SMD, gain analysis was run. For each pupil, his gain score was derived by subtracting the pretest score from the posttest scores. Comparison was then made between the two groups on the gain scores. Thus, with the posttest scores adjusted by the initial pretest scores, the project group scored higher than the comparison group by 3.00 marks. 
The corresponding SMD of 1.10 is large indicating a benefit of concept-based learning in contrast with the direct instruction teaching. 
An on-line pupil survey of both the comparison and project groups was conducted using items from the PETALSTM Engagement Indicator Questionnaire. The Cronbach alpha estimates were computed based on the pupils’ scores. As shown in Table 3, all the alpha coefficients were high, varying between 0.72  to 0.88, indicating a high degree of internal consistency of the scale scores. 

The results of mean comparisons in Table 3 show a small effect size for Pedagogy, Experience, Tone of Environment, Assessment and Learning. The Affective and Cognitive Engagement subscales have negligible effect sizes and the Behavioral Engagement subscale has a small effect size. Assuming CBI was the cause, the differences then suggest that CBI had a slight impact on some of the aspects of the pupils’ engaged learning.

Table 3. Reliability of PETALSTM Scales scores and mean comparisons

	Measure
	Cronbach’s
	Mean (SD)
	Effect

	
	alpha
	Project
	Comparison
	Size

	PETALSM Scale
	
	
	
	

	Pedagogy
	0.72
	67.9 (16.5)
	64.5 (16.2)
	0.21

	Experience
	0.75
	62.9 (17.2)
	55.4 (17.5)
	0.43

	Tone of Environment
	0.78
	71.1 (17.6)
	65.4 (17.1)
	0.33

	Assessment
	0.79
	67.7 (18.2)
	62.2 (17.9)
	0.31

	Learning
	0.85
	71.0 (15.9)
	61.0 (22.0)
	0.45

	Engagement Scale

	Affective
	0.81
	70.8 (18.6)
	67.0 (19.4)
	0.19

	Behavioral
	0.74
	67.4 (16.1)
	61.7 (15.5)
	0.37

	Cognitive
	0.88
	63.4 (16.7)
	61.0 (20.2)
	0.12


Qualitative analysis: Two main themes, engagement and collaborative, surfaced when a focused group discussion and the pupils’ narratives from the PEI survey on pupils’ perception of the learning experience in lessons anchored on CBI using UbD Framework were carried out. 

Engagement

· Affective Engagement

    Pupils enjoy the role-play and the datalogger practical lessons because they are fun and interactive. 

· “When we all acted like particles, it was funny because we can see them moving around, acting like real particles, laughing.”

· “Because it’s fun and we get to move around in class. If we sit down and listen to teachers, we get bored. If we get to move around and have a little fun, then other pupils can also see how the particles move in solid, liquid and gas.”

·  “Fun! We get to use the Bunsen burner and the datalogger to see the graph and can check the temperature of the melting point and see the stearic acid change form solid to liquid.” 

· Behavioral Engagement

Pupils like to be involved in the lessons in various ways e,g, role-play and hands-on activities as it helps them to remember better. 

· “I enjoyed it because we are involved in it. We are the particles so we can remember it.  We can remember how we move as the particles.”

· “We like it (using magnets) because we can touch it, we can feel it and can arrange it.” 

·   “I like those hands-on activities because it was fun, enjoyable and engaging and we can experience it by ourselves, make us understand the topic better.” 

Collaborative Learning
· Teamwork

Pupils feel that working with their peers allow them to discuss the information together and even to share out the workload while doing practical. 

· “Because we can discuss whatever information we have with each other and do it (experiment) together.”

·  “Working in groups helps you to improve your team work. In a group, you need one leader to lead the group.”

·  “Because some job we won’t dare to do e.g. lighting the Bunsen burner. Then you can do with your partner to light up the Bunsen burner. It’s easier and faster for 2 persons to do it.”
· Sharing of ideas
Pupils feel that working with their peers also allow them to share ideas to get the right answers. 

· “More ideas and more information, because you can share whatever you think to get the right answer.

· “More brains, more ideas. If we work in a team, more interaction, can share ideas.” 
Limitations

The mean score for the posttest done by the Project group is only 8.11 which indicate that most did not pass the 20-mark posttest. The posttest results revealed that most pupils couldn’t answer conceptual questions relating to concepts taught using datalogger versus those taught using role-play. 

From the focused group discussion, pupils were able to explain the concepts learn from role-play very well, however, they have difficulty answering questions relating on concepts taught using dataloggers.
This was mainly due to an oversight in the study whereby provisions were not made for the teachers and students to learn to use dataloggers. Dataloggers were new teaching tools and the teacher required more time to teach the pupils how to use the new instrument before they could be used to effectively to aid learning in their experiment. Insufficient time was factored into the lesson for the students to learn on the use of dataloggers so that after the pupils obtained the relevant graph, there was insufficient time to consolidate learning within the 1hour lesson.. Hence, pupils had difficulty relating the empirical graph to the concept taught by the teacher the next day. Therefore, a learning point gleaned was that it is necessary to train the pupils on the use of new equipment beforehand. In contrast, role-play was easy to implement so the teacher could focus on how to teach the pupils the concept using role-play. 

Discussion

Quantitative results show a positive effect size, SMD 1.10, although the mean scores of students in the post-test were below the passing mark. However, there were some positives to derive from the project. 

The qualitative data collected from the FGD with 3 groups of 5 pupils from the project class indicated that pupils could relate to the concept of particles. Pupils demonstrated conceptual understanding because of their ability to relate with the particulate model of matter through the role playing the interactions between the particles in classroom activities. 
Quotes

· “The particles in a gas were supposed to move around in all directions. Then if you collide, you must change directions. Then if you collide again, you change the direction again which form a zig-zag manner.”

· “Particles in a gas are even further apart than the particles in a liquid.”

· “We are the particles so we can remember it.  We can remember how we move as the particles.”
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