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Abstract 

Objectives: To explore differentiated instruction within a calculus curriculum. For college students to learn 
concentration, motivation and the impact of academic achievement; explore the attitudes and ideas of students on 
differentiated instruction within a calculus curriculum; build up the diversity of mathematics education within 
varied educational settings. Participants: Sample data were collected from freshman students of the Army 
Academy: total sample = 60, experimental and control group each had 30. Methods: Quasi-experimental design. 
Study tested whether differentiated instruction would enhance calculus instruction, compared with a traditional 
teaching method. Results: As hypothesized, results showed a significant difference in calculus achievement 
between experimental and control groups. Conclusions: Results supported the effectiveness of differentiated 
instruction on calculus curriculum. Finally, depending on the research results, the researcher provided practical 
suggestions for the educational research. 
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1. Introduction 

The Ministry of Education in Taiwan (Ministry of Education, 2015), in response to the implementation of the 
12-year Compulsory Education, takes the “achievement of every child” as a prerequisite. To meet the demand of 
diversified learning, struggling students will receive remedial teaching through differentiated instruction. 
Differentiated instruction serves the same purpose with Confucius in teaching students according to their 
aptitude. In Taiwan, the study of differentiated instruction is scarce. All of the differentiated instruction case 
studies are mostly conducted in the field of mathematics. Virtually no research has been conducted on college 
students. 

At present, in Taiwan’s higher education, students with multiple admission to enter the university. First-year 
college students with largely different levels of ability are placed in the classroom for basic courses such as 
Chinese, English language, and mathematics, among others. Taking the Army Academy college students as an 
example, the students are from high schools, senior vocational schools and comprehensive high schools. They 
differ for ability in mathematics. Therefore, the present study constructed the program of a calculus course for 
students according to their need. 

Throughout the current study of higher education in Taiwan, little attention is paid to the issue of differentiated 
instruction research. This study attempts to construct a differential program of calculus, which aims to improve 
student learning motivation, learning satisfaction, and learning outcomes. The purpose of the study is: 

1) Exploring differentiated instruction to understand the students’ learning style, difficulties, and motivation in 
order to enhance the students’ academic achievement and learning satisfaction. 

2) According to study results, explore the impact of differentiated instruction on calculus for students, and design 
more suitable content for mathematics education through differentiation that will improve students learning 
efficacy. 
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1.1 The Differentiated Instruction 

Differentiated instruction means that teachers can adjust the teaching content, progress and evaluation methods 
according to individual differences and needs of the students, so as to enhance students’ learning effect and guide 
students’ adaptive development (Wu, 2012). 

Differentiation is a pedagogical, not an organizational approach (Stradling & Saunders, 1993). It is a way that 
teachers modify teaching and learning routines to meet the needs of students’ readiness levels, interests, and 
modes of learning (Tomlinson, 1999, 2001). Differentiation can be defined as an approach to teaching in which 
teachers modify the curriculum, teaching methods, resources, learning activities, and student outcomes to 
address the diverse needs of each student and small groups of students to maximize the learning opportunity for 
each student in a classroom (Bearne, 1996; Tomlinson, 1999). Differentiated instruction is the teacher in a 
classroom in a multivariate way who can interpret teaching content, teaching process and teaching products 
(Middendorf, 2009). 

Educators recognize that students have different abilities, interests, readiness, learning styles, and personalities. 
Therefore, educators can meet the needs of all students and help them to meet and exceed established standards 
through the use of differentiated instruction strategies (Levy, 2008; Tomlinson, 2008). 

Tomlinson (1999) proposed building a conceptual map of differentiated classrooms (Figure 1). The 
characteristics of effective differentiation are (1) curriculum and instruction are proactive, not reactive; (2) 
flexible use of small teaching-leaning groups in the classroom; (3) varied materials used by individuals and small 
groups of students in the classroom; (4) variable pacing as a means of addressing learner needs; (5) knowledge 
centered; (6) learner centered (Tomlinson et al., 2003). 

And then, Tomlinson and Strickland (2005) proposed five differentiated aspects, including: (1) Teaching content 
of the difference: in the textbooks, teachers can respond to students in varying degrees and needs; in the teaching 
method, it can be diverse. (2) Differences in the process, mainly through the group and the discussion. (3) 
Learning results differentiation: if students can be immersed in such a dynamic setting, they can feel freer to 
express their learning outcomes, that is, it encourages diversity of learning outcomes. (4) Differences in the 
teaching environment: teachers can create a classroom learning atmosphere to guide students. (5) Learning 
environment differentiation: teachers give students different space, different time, different teaching aids, and so 
on (Tomlinson, 2008). 

Teachers implementing differentiated teaching can understand students’ different learning styles, and can use 
different teaching materials, or teaching strategies to make the most effective student learning. Differentiated 
classrooms are learner-centered, knowledge-centered, assessment-centered, and community-centered (Coubergs, 
Struyven, Vanthournout, & Engels, 2017; Tomlinson, 2015).  
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Figure 1. Differentiated instruction flow chart from Tomlinson (1999, 2008) 

 

1.2 Differentiated Instruction Research in Taiwan 

On June 21, 2017, a keyword “differentiated instruction” was used to search the National Central Library of 
National Digital Library of Theses and Dissertations in Taiwan, a total of 77 articles that cover 2012 to 2016. On 
June 21, 2015, a keyword “differentiated instruction” was used to search the National Central Library of 
PerioPath Index to Taiwan Periodical Literature System, a total of 43 scholastic articles that cover 2012 to 2016 
(Figure 2).  

From 2012 to 2016, for nearly five years or so, researchers in Taiwan began to focus on the study of 
differentiated instruction, mainly in the domains of elementary schools and junior high schools. Only one article 
was concerned with college students. This search showed the needs of differentiated instruction in college. In 
higher education, the methods of teaching, learning and thinking are also a matter of concern (Kroll, 2010). 
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Figure 2. Comparison of differentiated instruction between the theses and dissertations, and scholastic articles, 
2012-2016 

 

Based on the above literature review, the aim of this study explores differentiation within the calculus curriculum 
to seek to understand the needs of college learners in Taiwan, learning difficulties, learning motivation and 
learning outcomes from the teaching process. The questions of this study are as follows: 

1) What is the effect of differentiated instruction on the calculus curriculum? 

2) How does the teacher in the classroom modify the teaching content and teaching process? 

3) What is the feedback from the students? 

2. Method 

2.1 Research Sample 

Sample data were collected from freshman students of the Army Academy, a total sample of 60 with a control 
group of 30. 

2.2 Research Design 

The method used the “quasi-experimental design” of “non-equivalent control group design” (Table 1). 
Measurement of the dependent variable used the final exam score. 

 

Table 1. Experimental design 

Group Pre-test Experimental treatment Post-test 

Experimental group 01 X1 03 

Control group 02  04 

 

1) Pre-test: 01~02: Before the experimental treatment, the experimental group and the control group of 
participants were assessed with a test for the mathematical entry behavior test. 

2) Experimental treatment: X1: Experimental group received the “calculus curriculum differentiated instruction 
for 16 weeks”, over two hours once a week. 

3) Post-test: 03~04: After the experimental treatment, participants in the experimental group and the control 
group were assessed with a test for the calculus final examination. 
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2.3 Research Procedure 

The aim of instruction is to have students to learn the basic definition of calculus, theories, and the 
problem-solving skills and methods. The traditional teaching method is the “teacher-centered” didactic 
instruction. Differentiated instruction on calculus curriculum is student-centered (Figure 2). 

1) Grouping: the experimental group (N = 30) was classified into 6 small groups; each group was 5 people. They 
drew random numbers to determine the order of the group competition. There were five levels of scores, which 
were 60, 70, 80, 90, and 100 as the general mark. 

2) Teacher showed the example of 10 questions to students, first by grouping. Teacher circulated and observed 
each group, and the competition started 10 minutes later. 

3) Groups drew random numbers to decide the order of the group competition; then the first group assigned one 
student to solve the problem, limited to 2 minutes, the audience could not prompt; and then the second group 
would be the next round, and so on. 

4) A procedural chart of the contest appears in the Figure 3. 

5) If the three groups were all wrong, then the last two groups with students who didn’t join the group 
competition became the final contestants. Two students stood at the two sides of the blackboard, with the teacher 
in the middle of them. The teacher wrote a new math exercise. But if the two groups gave up at the same time, 
the teacher solved the problem and gave another new question, till a winner was produced. The winning group 
earned 100 and the loser received 90 points. 

 

 

Figure 3. The Procedure of the group competition 
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2.4 Analysis Method 

All statistical procedures were conducted with SPPS (version 22). Research questions were checked before 
proceeding with the analysis. To answer the research questions, t-tests were applied. A significance level of p 
< .05 was put forward. 

3. Results 

3.1 The Pre-Test Outcomes 

The mathematical entry behavior test scores were analyzed statistically. The total sample size is 60. The data 
showed pre-test scores for the experimental group (M = 32.59, SD = 20.066) and control group (M = 37.17, SD 
= 21.99). The independent-sample t-test, t (58) = -.862, p > .05 (Table 2) indicated that the pre-test scores 
between experimental group and control group were not statistically significant. This meant that calculus ability 
between the two groups was consistent; thus, the follow-up study continued. 

 

Table 2. The Pre-test score  

Group N mean Standard Deviation Standard Error df t p 

Control  30 37.17 21.999 4.016 58 -.862 .392 

Experimental 30 32.59 20.066 3.862 

p > .05. 

 

3.2 The Post-Test Outcomes 

The final exam test scores were analyzed statistically. The total sample size is 60. Data revealed pre-test scores 
for the experimental group (M = 51.70, SD = 29.596) and the control group (M = 31.03, SD = 27.164) that were 
statistically significant. In Table 3, t (58) = -2.818, p < .05, indicates that differentiated instruction had a 
significant effect on how students scored after participating in the calculus program. 

 

Table 3. The independent-sample T test about the post-test score of the calculus  

Group N mean Standard Deviation Standard Error df t P 

Control  30 31.03 27.164 4.959 58 -2.818 .007 

Experimental 30 51.70 29.596 5.404 

*P < .05. 

 

3.3 The Feedback 

Feedback was collected from the students at the final exam through an anonymous questionnaire, as follows:  

1) Content: “The calculus curriculum has a lot of formula”, “The course is rich in content”, “The formula is very 
special”, “We learned problem-solving skills”, “The course is easy to understand”, and so on. 

2) Methods: “We like the mathematics competition”, “Teaching method is very interesting”, “Teacher explained 
the course vividly”, “It is a very special way of examination”, and so on. 

3) Learning motivation: “We hope that the degree of mathematics becomes better”, “We earnestly desire to learn 
calculus”, “We would like to choose calculus-related courses”, “We love the method that is applied by teacher”, 
“We learned the steps to approach calculus and had a sense of accomplishment”, “We desire to memorize the 
formula”, “We understood and practiced more mathematics”, “We increased mathematical abilities”, “We 
earnestly practiced every exercise and put more time to practice”, “In addition to finish homework, we also want 
to learn the relevant courses online”, and so on. 

4) Learning experience: “The test sheet is no longer blank”, “We can pass mathematics exam and got a score of 
mathematics”, “Calculus can train logic and thinking ability”, “We understood the mystery of mathematics”, and 
so on. 
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4. Discussion 

This study of differentiated instruction sought to understand whether differentiated instruction can enliven 
learning calculus. A quasi-experimental design tested for any difference between experimental group and control 
group. The experimental group had group competition and control group utilized the traditional teaching method. 
The results of the study clearly showed that the experimental group had a significant difference in their math test 
results compared with the control group. Differentiated instruction really improved the calculus learning results. 
In addition, feedback questionnaire data revealed that students loved the teaching content and differentiated 
teaching methods, the enhanced learning motivation, and student-shared learning experiences. Differentiated 
instruction improved mathematical achievement and learning motivation of college students, and improved 
teaching efficiency. 

4.1 Interest and Motivation 

Interest-based instruction is related to motivation and enhances the positive impacts on learning (Herbert, 1993; 
Tobias, 1994). Interest contributes to a learner’s self-confidence and positive learning behavior, such as 
willingness to accept challenges and persist in it (Csikszentmihalyi et al., 1993; Fulk & Montgomery-Grymes, 
1994; Vallerand, Gagne, Senecal, & Pelletier, 1994). And interest contributes to improve learning autonomy and 
generate higher levels of intrinsic motivation (Brunner, 1961). 

Group competition in this study was helpful for improving students’ motivation to learn. The process of group 
competition raises the interest of students participating in calculus. The grouping of the team can improve 
students’ learning autonomy and thus enhance the intrinsic motivation. The student feedback questionnaire 
showed that differentiated teaching methods impressed the students quite well, and helped to enhance their will 
to learn. 

4.2 The Role of Teacher 

The experimental group is taught in a heterogeneous grouping of varied math ability, where instructors can 
observe the interaction between members and understand the needs of students through formative and 
summative assessment (Levy, 2008). After class, the teacher can target the individual needs of students and/or 
learning styles, individualized mathematics educational program, after which the instructors can do follow-up 
researches. Tomlinson et al. (2003) referred to the “Zone of Proximal Development (ZPD)”, proposed by 
Vygotsky (1978, 1986), which means that when a child cannot successfully grasp the main points of an activity 
(Wood, Bruner, & Ross, 1976), the teacher takes the role of social support. It is the teacher’s job is to lead the 
child to the zone of proximal development, and within this range, learning through renewed study will take place 
magically. 

4.3 Limitations of the Study 

This study gathered information from college students, so results of the study may not be generalized to other 
groups. Future studies can be applied to primary schools, secondary schools, high schools, or others. 
Differentiated instructional methods may be developed within different school levels, with a view to meet the 
needs of each child as the goal. 
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