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Lesson Study: A Tool for an Improved Instructional Design in Teaching Integration by Parts



Abstract: This study aimed to develop instructional design in teaching the Integration by Parts in Calculus. By engaging in a Lesson Study, the researchers underwent careful planning of the design, executed it through a research lesson, noted key observations during the delivery of the lesson, and conducted a post-lesson conference. From the observations and insights during the post-conference, two themes emerged from where recommendations were drawn. The first theme pivoted on the propensity of teaching Integration by Parts as highly procedural and mechanical despite attempts at activating students’ higher- order thinking. However, the extent to which the tabular method could be advantageous should be explained to the students to clarify misconceptions about using it as a shortcut in performing Integration by Parts. The second theme revolved around how supportive classroom environment and the use of Tabular Method made the students more engaged. Nevertheless, providing learning experiences where students can be work on higher-order thinking and where they can process results of their collaboration was recommended to be incorporated in the instructional design. Generally, both Tabular and Conventional Methods play a crucial role in developing students’ mastery of this integration technique and may eventually allow them to make connections to the real world	Comment by Rukminingsih: Provide the abstract who is the participants of this research 
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1. Introduction
Over the past years, Calculus has played a significant role in the continuing advancement of human knowledge in the field of Mathematics and other related disciplines. This undeniable fact makes itself deserving of the priority spots in higher education programs focusing on STEM (Science, Technology, Engineering, Mathematics) Education. However, university undergraduate students still do not perceive its obvious importance; and instead, consider it as an abstract and difficult subject. Ferrer [1] noted that students have their struggles and difficulties when it comes to learning Calculus. One of the topics in Integral Calculus where persisting difficulty among students is observable is the various techniques of integration. In particular, integration by parts, as a fundamental integration technique is where students’ struggle starts to emerge. The technicality of the topic and its connection to previously learned integration rules make it difficult for them to absorb. However, a promising alternative in the teaching of integration by parts, called Tabular Integration, may be introduced to students in anticipation of a more solid understanding of the lesson. Maneuvering teaching practices for this lesson into something that could give better student outcomes may be included as part of reconstructing instructional design.
Nevertheless, at the tertiary level, enhancement of teaching practice towards achieving common goals is often set aside since most university instructors/lecturers plan their classroom activities in isolation. This limits the opportunities that Lesson Study (LS) can offer especially to professors handling higher tertiary courses like Calculus. This situation motivated the researchers to engage in Lesson Study in exploring how the teaching of Integration by Parts, in the course Integral Calculus was taken by the third year Mathematics Education students, can be further improved.
This study aimed to describe how the teaching of integration by parts may be improved by introducing Tabular Integration as an alternative method through LS.







2. Literature Review
Tabular Method in Integration by Parts
Some studies have shown that students had difficulties in understanding Calculus [2,3], which includes Integration by Parts [4]. As such, studies concerning the enhancement of teaching and learning Calculus among university students were found available in the stacks of literature. One of them is done by Palomares [5], who found out that Cooperative Learning helps improve the teaching of Integral Calculus. Not only that, his study also revealed that students have increased performance upon their exposure to a cooperative classroom environment.
In the same manner, when Yuliana et.al [6] tried Guided Discovery Learning in teaching Integral Calculus, it showed marked improvement in students’ achievement when it comes to selected topics in integration including Integration by Parts.
Also, Borji, Radmehr, and Font [7] found that conceptual teaching leads to more sustainability in understanding Calculus, as compared with procedural teaching.
In her study, Mrayyan [8] considered the use of Tabular Integration by Parts as a good shortcut technique in integration. With this, she recommended for it be taught in classrooms and be discussed in more textbooks and resources in Integral Calculus.
Likewise, Tisdell [9] put forward the use of tabular integration as an alternative tool towards performing integration by parts. He managed to present how the said technique may be applied in solving particular problems that involve repeated integration.
Related to this is the work of Noh et.al. [10] which focused on the implementation of Tabular Integration by Parts on the teaching and learning process for selected engineering students. Their experimental study revealed promising results in favor of Tabular Integration by Parts. Students who were exposed to Tabular Integration by Parts had improved mastery and increased confidence in doing integration.
The cited studies indicate that optimum performance in Calculus can be achieved by the students when they are taught using appropriate methods or when they are exposed to well-planned and structured instruction.
Productive Pedagogies
Part of developing a well-planned and structured instruction is to consider elements of the Productive Pedagogies (PP) Framework. PP are classroom strategies that teachers can use to focus instruction and improve student outcomes [11]. Developers of the PP framework have postulated four dimensions that characterized effective teaching, namely: Intellectual Quality, Connectedness, Supportive Classroom Environment, and the Recognition of Difference. Of particular interest in this study are the dimensions of Connectedness and Supportive Classroom Environment.
Connectedness is the dimension of the PP framework that deals with how to make school studies more relevant in addressing issues outside of school. Elements of this dimension are knowledge integration, background knowledge, connectedness to the world, and a problem-based curriculum. Integrated school knowledge is identifiable when lessons integrate a range of subject areas, while an explicit linking of background knowledge with new knowledge characterizes high-connection lessons. Connectedness describes the extent to which the lesson has value and meaning beyond the instructional context, making a connection to the wider social context within which students live, while a problem-based curriculum is one in which students are presented with specific practical, real, or hypothetical problems to solve [11].
A supportive classroom environment is characterized by student direction, social support, academic engagement, self-regulation, and explicit quality performance criteria. Student direction means that students determine specific activities or outcomes of the lesson, while academic engagement is demonstrated by students when they are attentive and show enthusiasm in doing assigned work. Also, there is social support when the classroom has an atmosphere of mutual respect and support between teacher and student, and among students. Self-regulation is present when the direction of student behavior is implicit and self-regulatory. Lastly, explicit quality performance criteria are frequent, detailed, and specific statements about what the students are to do and to achieve [11].
Several studies have revealed the effectiveness of the PP framework in achieving quality classroom instruction
[12] and in improving teacher education [13,14,15].

3. Methodology	Comment by Rukminingsih: The method section for research using Lesson Study should describe the collaborative and iterative process that includes planning, observation, and reflection to improve instructional practices. It should outline the roles of educators, details of the student population, and the resources used. The procedures involve designing the lesson collaboratively, observing its implementation, and revising it based on feedback
A well-known practice that is proven to help teachers improve their teaching practices is Lesson Study (LS). As explained by Hiebert et. al. [16], LS is a teaching improvement and knowledge-building process that has origins in Japanese elementary education. Also, Lewis [17] suggests that LS creates multiple pathways for learning that lead to instructional improvement.
LS provides avenues for increased knowledge on subject matter and instruction, improved ability to observe students, as well as a stronger connection of daily practice to long-term goals. Recognizing this fact, the popularity of conducting LS among elementary and secondary schools has been continuously spreading around the globe [17].
LS, as described by Burghes and Robinson [18], is a professional whose aim is to improve the quality of teaching and learning among classrooms. It involves teachers who collaboratively work on the plan, observe, analyze, and reflect on real classroom practices towards their improvement.
Also, Verhoef and Goei [19] concluded that LS does not only promote a focus on student thinking and learning but also on best learning materials and teaching methods teachers may use in their classrooms.
Moreover, Cerbin and Kopp [20] created a model of LS that is specifically designed for a college classroom. In their model, they clearly emphasized the idea that LS can be used in tertiary levels as a teaching improvement process since it allows scaffolding of reflective practice where instructors can analyze learning goals, design learning experiences, and revise the lesson design to improve learning.
These vividly reflect the notion that LS may be considered as a tool that is flexible enough to address the need to improve instruction and eventually the quality of learning across various disciplines at any level of the educational system. Several LS research that incorporate the PP Framework have also been undertataken; see [21, 22].
Participants and Locale of the Study
The group involved in conducting this LS is composed of six members with one of them as the demonstration teacher. This LS was a partial fulfillment of the requirements in a Ph.D. course. The LS was conducted among 15 third year college students of BSE-Mathematics of Global Reciprocal Colleges whose age ranges from 19 to 22 years old. The school os located at Caloocan City, Metro Manila. In the critiquing of the conduct of the research lesson, eight Ph.D. in Mathematics Education students who were in the same course (but were not the researchers for this paper) and their professor in the course Math Ed 803 took part in observations, and sharing insights and suggestions on the research lesson – these participants are the LS team.
The Lesson Study Cycle
In conducting the LS, the proponents were guided by the model suggested by Elipane [23], which includes steps such as 1) Goal-setting, 2) Writing the Lesson Plan, 3) Research Lesson, and 4) Lesson Debriefing. In his model of LS, a revision of the lesson may be done, but not necessary.
1. Goal-setting
The proponents chose “Integration by Parts” as the LS topic since it is a very timely lesson for the students. The development of the lesson was considered by the researchers in teaching integrals using the two methods – traditional and tabular method. The following were the objectives of the lesson: (1) find integral using integration by parts; (2) apply column integration and tabular integration as an alternative technique to calculate integrals; and
(3) show cooperation in all activities.
2. Writing the Lesson Plan
The researchers collaborated in writing the lesson plan from the motivation, review, and practicing skills parts down to the lesson proper. The lesson plan included a question that intends for the students to realize that the given problem cannot be solved using their previous knowledge in calculating integrals.
A discussion of the lesson was planned systematically through brainstorming. Each of the researchers contributed problem-solving items in calculating integrals. The traditional and tabular methods have been finalized as the two methods the students must use in calculating integrals.
The concepts of the two methods in teaching integration by parts as the techniques in calculating integrals were established for the benefit of the students. These methods helped the researchers to find which of the two will make a difference in learning integration by parts.

3. Research Lesson
For the research lesson, one of the authors served as the demonstration teacher. Other proponents, together with their professor, observed, noted, and provided comments on the teaching process and flow of the demonstrations including observations on the demo-teacher, student participants, the chosen lesson, and other significant and remarkable observations.
4. Lesson debriefing or post-lesson discussion
After the research lesson, a post-lesson debriefing or discussion led by the professor, who acted as moderator, was conducted. The moderator asked first the demonstration teacher about the experience and impression regarding the whole LS cycle and the research lesson. This was followed by the reflections of the other members of the group about the preparation, the group’s collaboration, and the demonstration proper. Lastly, the other observers gave comments to the demonstration teacher, students’ participation, and suggested how to improve the lesson
4. Results and Discussions
This study aimed at using lesson study as a tool in developing an improved instructional design in teaching Integration by Parts, anchored on some elements of the PP Framework. While some members of the LS team have questioned the appropriateness of LS at the College level, results of the post-discussion revealed that it is a highly potent tool in developing an effective instructional design even in lessons that are very technical like Integration by Parts.
Through the LS, the researchers came across the following themes: (1) The teaching of Integration by Parts remained to be superficial and mechanical despite attempts of activating students’ prior knowledge; and (2) The importance of a supportive classroom environment and the use of Tabular Integration by Parts made the students more academically engaged.
The teaching of Integration by Parts remained to be procedural despite attempts of activating students’ higher-order thinking
In the discussion of Integration by Parts, the teacher presented two methods of solving; the standard method and the tabular method. The tabular method was deemed an easier way of integrating the given functions, as its procedure is relatively easier to follow than that of the standard method; hence, it can be considered a short-cut technique in solving by Integration by Parts. However, observations of the LS team revealed that introducing the tabular method very early in the discussion may hinder the development of a deep understanding of what Integration by Parts (IbP) is all about. It was thought of to have such an effect as the students tend to simply follow procedures without really understanding what IbP is and why such a tabular method works. As commented by some of the teacher observers and post-discussion facilitator:
Teacher-observer 1: I was amazed at how the students easily believed any technique shown to them. When the tabular method was shown to them, they were so happy and amazed, but no one asked why it works. Not even one student asked, “why is it like that? Why is it possible?” No one asked. They were all just happy that there is a shorter method. I guess our students grow up to be like that; they become very dependent on procedural fluency, but the conceptual understanding is missing.
Teacher-observer 2: When you (referring to the teacher-demonstrator) introduced the shortcut method (tabular method) immediately after giving one example using the standard method, the focus was shifted at once to the shortcut. I think when we teach we should ensure that the standard method is mastered (by the students) first before teaching the short-cut method. Because when you give the short-cut right away, there will be no more focus on the standard method.
Post-discussion Facilitator: The use of the tabular method shows a lever potential, which means it can make the work easier, but we have to be very careful. We can make the work easy but then again the student should not forget the concept. Again it’s very technical, it can be some sort of a short cut but if the student focuses on that then we’re not helping them. The lever potential is that it can leverage the work more to make it easier… So we see here that the level potential means that some things that are technical or mechanical, it’s like something that the computer can do, can be done using a shortcut. But then again the higher-order thinking should also be done by the students. It cannot be missing.


Based on the comments, it can be inferred that while the use of shortcut techniques provides a lever potential or the ability to make solving easy, such techniques should be used with caution so as not to hinder the development of a deep understanding of the subject matter.

The aforementioned comments during the post-discussion also run in consonance with how the students utilized the two methods of Integration by Parts. In the group activity where students, in groups of four, were given some functions to solve using IbP, the teacher instructed that they should use both methods. It was noticeable that most of the groups started with the tabular method, then used the standard method to merely check if the answer they obtained using the tabular method is correct. Furthermore, when the students discussed their solutions, the explanations did not reflect a clear understanding of what IbP is all about. The explanation focused more on the mechanical steps in solving using the tabular method, which is a manifestation of a shallow understanding of IbP.
Such a shallow understanding of IbP may also be associated with the inability to establish a clear link between the students’ prior knowledge about integration and the use of IbP. Before the main topic Integration by Parts was introduced to students, the teacher provided a formative assessment wherein students were given a problem set about integration. There were three items given; two of which can be solved using Integration by Substitution while the third one can be done thru Integration by Parts. The plan was to make the students realize that some functions cannot be integrated using Substitution; hence, there is a need for another method of integration.
The teacher was successful in making the students recall the process of Integration by Substitution and in realizing that the third function cannot be integrated using the same method, but the transition from the use of Integration by Substitution to the use of Integration by Parts was not highly evident in the flow of discussion. Such a point was raised by some members of the Lesson Study team.
Group member 1: When we were in the planning stage, we decided that the last example should be the transition to the Integration by Parts…that was the plan. So the student is going to try, but even though they try their best, all of their knowledge about integration should lead to not being able to solve. So that’s why there will be another method. The question they should have raised, “Sir we cannot get the answer … sir there might be another method” … and that would be the introduction of the lesson… that’s the plan.
Teacher-observer 3: Just like what was shared by the group member, the transition. I was waiting for that from the outputs of the groups that’s where the other method will come out. That’s where the lesson will be introduced.
Post-discussion Facilitator: My comment on the review, is that you can do that in many different ways. It can also be thru formative (assessment), but I have to agree with others that you should have given more time for students to delve into the second one leading to integration by parts because that is really the springboard.
Teacher-observer 5: First of all, on the review part, the students should have been led for them to review the concept. Do not give it right away. Because the review part is actually the unlocking of difficulties, it is actually your transition from one part of the lesson to the other. Because if that transition is not smooth there may be problems along the way.
The comments presented pointed out the importance of effective use of background knowledge to support connectedness between the previous lesson and the new topic. While the review process was somehow successful in making students remember the previous method of integration which is by substitution, its connection to the new method which is Integration by Parts was not established.
Another point raised by the observers was the importance of knowledge integration to support connectedness between the two methods of integrating by parts, and even with making meaning of the context of integration by parts. As one observer has pointed out:
Teacher-observer 6: I was intrigued by the tabular method so I looked it up to check on its restrictions. If I were to teach this lesson, maybe I would have started with tabular then I will link it to the formula that was given because there is a link…why it is uv [product of two functions denoted by u and v], why it is solved downwards, it has a link with uv and udv [function u multiplied by the derivative of function v]. Even the use of plus and minus has a relationship. So, that’s it; we should not be simply giving shortcuts, but we should establish the link. Like the derivation that you presented, the link is also there. It also has a link with tabular. So it’s like, if I were the teacher since the students have seen the formula, they would be passive already. They would just want to be answered. But if I could start it with tabular, then, from tabular to standard, then they will discover how..why does tabular work like that…
Post-discussion Facilitator: But the tabular is like a shortcut, so I think it’s better to start with the standard method.
Teacher-observer 6: It can also be that way, as long as the students will be able to link tabular with the standard so that it is not merely taught. Then maybe their task by the group is to find out the restrictions in using

the tabular method. And then they will be able to see that the formula is not just a formula, but it will make sense to them.
The knowledge integration should be very evident to establish the connection between the two methods, allowing the students to make meaning of their learning. In addition, knowledge integration is also important to show the connectedness of integration by substitution and integration by parts, and of having a deeper understanding of what integration by parts is all about.
The provision for a supportive classroom environment and the use of Tabular Integration by Parts made the students more academically engaged.
One evidence of learning is an active academic engagement of students which can be achieved thru a supportive classroom environment. In the conduct of the study, it was very observable that the teacher provided a supportive classroom environment through his personality, and also through some teaching strategies he employed.
Even though it was the first time for the teacher and the students to meet, the former was able to establish rapport with the latter and such a positive connection encouraged a high level of engagement among the learners. As cited by some observers:
Group member 2: Now in terms of the response of the students it was nice because even though you’ve met only now you were able to get their full attention, and they were able to follow the instructions. They were listening and during the group activity all of them were doing the task, no one was inattentive.
Teacher-observer 7: Your facial expression, you were able to use it. You have a happy disposition so the students were also happy. They show a willingness to learn.
Since the teacher was able to establish a non-threatening classroom environment, the students had no hesitations in participating in the discussions and the group activities, even in the presence of a group of observers.
Another evidence of a supportive classroom environment was the teacher’s use of cooperative learning and the vertical way of thinking strategies. The teacher asked the students to work in groups both for the preparatory activity and for the exercises on the use of integration by parts. He also utilized the classroom thinking strategy by working vertically – which posits that there is a difference when students are sitting down working on a task or when they are standing up [24]. Sheets of manila paper were posted on the wall where the students would write their solutions; hence, the students had to remain standing to be able to write the solutions. Such a strategy promoted maximum participation among the members of the group.
Comments of the LS team affirmed the importance of cooperative learning and the strategy of working vertically as part of a supportive classroom environment to encourage academic engagement.
Teacher-observer 4: You were able to apply a working vertical, which turned out to be really good to use as a strategy since it promoted accessibility. The group members were able to access the material, unlike when students are seated, only the ones who hold the pen or manila paper are able to write.
Post-discussion facilitator: Like we talked about the strategy of working vertically where everyone can share something, and you were able to find out that it actually helped… So ah you must be able to have more rules, are they allowed to…because some people were still writing on their desks, but then again looking at it I think it was very beneficial for the students. And also it allowed more students to be participative, cooperative.
Indeed, ensuring a supportive classroom environment is an effective means of increasing academic engagement. It would have been more concretized if the students themselves were asked how such strategies as cooperative learning and strategy of working vertically have enabled them to be more engaged in the discussion; but even in the absence of such data from the students, the observations themselves revealed the active participation of the students.
Another noticeable factor that elicited greater academic engagement among students is the use of the Tabular method of IbP. Students showed great appreciation of the said method when it was presented by the teacher. As one of the students exclaimed, “Oh, there is a shortcut!”. During the group activity after the discussion of IbP, most groups used the Tabular method first. Clearly, their knowledge of the said method has enabled them to be engaged in the activity.

5. Conclusion
Given the results presented in this study, it can be concluded that the use of LS is indeed a powerful tool for an effective instructional design even in lessons as technical as IbP. Through the LS, two themes anchored on the PP Framework emerged. The teaching of IbP remained to be superficial and mechanical despite attempts of activating students’ prior knowledge. With this, improvements in areas of instruction where they can be engaged in higher-order thinking and where they can process results of their collaboration could be incorporated in the improved instructional design. Connection between prior and target knowledge, as well as connection between and among strategies and concepts, are integral for students to be able to gain deep understanding and higher- order thinking skills. Also, having a supportive classroom environment encourages academic engagement, as evidenced by the active participation of the students resulting from the positive disposition of the teacher and the use of cooperative learning and vertical way of thinking strategies.
Hence, the researchers recommend the use of LS even in the higher levels to enable the teachers to develop a well-planned and effective instructional design. Even in the higher levels where mathematics lessons become too technical, it is important to ensure that students develop higher-order thinking, deep knowledge, and understanding, and the ability to make meaningful connections in their learning.
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