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Abstract

This study probed into elementary school teachers’ use of instruction time in ma-
thematics on the basis of a case study. Recording a teacher with 20 years’ teaching
experience in his classroom and having interviews with him for six months, this
study aims to understand the teacher’s use of mathematics instruction time and the
influencing factors on this case. According to the results, the teacher in this case
tends to divide his teaching activities into review and preview, new content develop-
ment, interactions and discussions, and exercises and applications. In each class, he
would carry out these activities. As the teaching of a module advanced, less instruc-
tion time is spent on new content development and more on interactions, discus-
sions, exercises and applications. In terms of the factors influential on the instruction
time use, the teacher in this case takes into account mainly the students’ learning in-
itiatives in mathematics and their learning motives, and rarely considers other fac-
tors.
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1. Introduction

Teaching in the classroom is the most important factor for students’ mathematics
learning (Boaler & Staples, 2008; Gutstein, 2003; Hiebert & Grouws, 2007). Mathemat-
ics teaching, however, is a complicated phenomenon, which makes the analysis of it a
difficult task. Hiebert and Grouws (2007) suggested that teaching should be comprised
of the interactions between students and teachers on the learning content, and aimed to
help students achieve the learning goals. Inspired by this definition, many studies have

been conducted in the past from various perspectives to probe into and analyze ma-
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thematics teaching. Artzt and Armour-Thomas (2002) analyzed from the three dimen-
sions of the mathematics problems used by the teachers, the learning environment
created by the teachers and the interactions between teachers and students. Henningsen
and Stein (1997), Hsu (2013a) focused on mathematics teaching, and analyzed mathe-
matics problems as the unit, the type of mathematics problems, how they were pro-
posed and solved as the subjects of analysis. Hiebert et al. (2003) analyzed the mathe-
matics teaching in a variety of countries from aspects such as the presentation and
functioning of mathematics problems, types of the problems, homework assignments,
and resources available. Stein, Remillard and Smith (2007) suggested that researchers
should try to understand the influence of teaching on students’ mathematics learning
through the analysis of the sources, types and implementation of mathematics prob-
lems.

These studies all conducted with mathematics problems as the focus, and set to ana-
lyze the performance of mathematics teachers from such aspects as the presentation of
the problems, interactions between students and teachers, and learning environment.
The reason for this was that the mathematics curriculum was comprised of mathemat-
ics problems (Hsu, 2013b; Stein, Remillard, & Smith, 2007) and most teachers tended to
conduct teaching on the basis of the mathematics problems in the textbooks (Grouws,
Smith, & Sztajn, 2004; Hsu, 2013c). However, apart from starting the analysis from the
mathematics problems, could mathematics teaching be analyzed from other perspec-
tives? After reviewing the literature on mathematics teaching and learning in the past
several decades, Hiebert and Grouws (2007) put forward a key influence factor on stu-
dents’ mathematics learning, namely the Opportunity To Learn (OTL). OTL, on the
other hand, covered a range of issues including the scope set by the teacher for the
teaching content, teachers’ expectations on the students, types of problems used in
teaching, the allocation and use of instruction time, etc. Later, Grouws et al. (2013)
examined the OTL provided by the teachers with the scope they set for the teaching
content. This definition, however, is not applicable to Taiwan with its national curricu-
lum, according to which all the content in the curriculum needs to be covered in the
teaching. Given moreover that teachers’ expectations are difficult to be observed and
measured and that many studies at home and abroad have already touched upon the
types of mathematics problems and interactions between students and teachers during
their execution, only the use and allocation of mathematics instruction time is an area
rarely delved into by the scholars. Since it is a key factor in OTL and influential on stu-
dents’ mathematics learning (Grouws et al., 2010), investigations on the use of instruc-
tion time in mathematics are therefore worthy to be conducted.

Today, after over 20 years of mathematics education reform in Taiwan, it is time to
conduct studies on teachers’ use and allocation of mathematics instruction time to un-
derstand the outcomes of this reform from at least this aspect. However, as these stu-
dies are still in the exploratory stage, case studies are favored given also the complex
range of factors. A senior teacher with over twenty years of working experience is

therefore invited to participate in this study. Focusing on instruction time, it is hoped
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that this study could achieve the following two goals:
1) To understand the teacher’s use and allocation of mathematics instruction time;
2) To probe into the factors influential on the teacher’s use of instruction time in this

case.

2. Literature Review

Mathematics teaching consists of all the activities involving both the teacher and stu-
dents (Cuban, 1992; Remillard, 2005). In order to understand teachers’ use of instruc-
tion time in mathematics, it is therefore necessary to firstly probe into the teaching ac-
tivities implemented by the mathematics teacher. And only in this way will it be possi-
ble to investigate the teacher’s use and allocation of time to different activities. In this
chapter, attempts will be firstly made to understand the activities taking place in a ma-
thematics classroom and then the factors influential on mathematics teaching on the
basis of relevant literature, the aim of which is to establish the framework and theoreti-

cal basis for the analyses in this study.

2.1. Teaching Activities Taking Place in the Mathematics Classroom

Good and Grouws (1979) was one of the earliest studies on the effective mathematics
instructional behaviors. They suggested that these behaviors should include review, de-
velopment, seatwork, homework assignment, and special review. Among them, the re-
view took usually about eight minutes and meant reviewing the concepts and skills as-
sociated with the homework, namely the content taught in the previous class. The next
approximately twenty minutes would be focused on the study of new skills and con-
cepts. Explanations and demonstrations would be used to promote the students’ under-
standing and student comprehension would be assessed. In the next 15 minutes, the
students would be provided uninterrupted successful practice so that the students could
use the skills and concepts they had just learned to solve problems. It was also necessary
to check the students’ work at the end of this period. The last activity was homework
assignment so that students would be made to review or practice at home. Special re-
view, on the other hand, referred to the overall review conducted on a weekly or
monthly basis to review the skills and concepts covered during the previous week or
month. According to Good and Grouws (1979), mathematics teaching includes at least
the following three main activities: review of related concepts, development of new
concepts and practices and applications concerning the new concepts, as homework as-
signment takes usually a short time and special review is not conducted on each class.
According to a recent study, the most frequently seen mathematics teaching activities
included the students answering questions from the textbooks or learning worksheet,
calculation, review via homework assignment, and the use of mathematics concepts to
explain and solve problems (Weiss, Banilower, McMahon, & Smith, 2001; Weiss, Pas-
ley, Smith, Banilower, & Heck, 2003). The Trend in International Mathematics and
Science Survey (TIMSS) also found that most of mathematics instruction time was

spent on the review of homework, teachers’ explanations of new concepts, teachers’
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guiding the students in practices and the students’ independent practices (Mullis et al.,
2000). In its analysis of the videos on the mathematics teaching in seven different
countries, TIMSS 1999 also focused on the three activities of review, introduction of
new content and practices concerning the new content (Hiebert et al., 2003). It was
found that the mathematics teaching in Asian (Hong Kong and Japan) were dominated
by teachers’ lectures, including in the process of reviewing, introducing new content
and practices. Among them, the explanation and presentation of new content was most
time-consuming (Leung, 2005). From the above studies, it could be seen that all ma-
thematics teaching in the classroom is comprised of the review of related concepts, ex-
planation and development of new concepts and the practices concerning the new con-
tent.

During the mathematics curriculum reform in recent years, different claims have
been made in terms of the implementation of teaching activities in the classroom. The
Grade 1 - 9 Mathematics Curriculum in Taiwan, for example, given its emphasis on the
connections with real life and the development of communication skills, results in the
design of the situational page in the textbooks and presentation of different lines of
thought for the solution of one problem. In this way, students could learn mathematics
from real life experiences and develop their capacities for diversified thinking and
communication (Hsu, 2013b). In his study on the differences between the reform-
oriented and tradition-oriented curriculum in terms of the use of instruction, Grouws
et al. (2010) suggested that the reformed curriculum placed more emphasis on the pre-
view of learning content, the exploration of concepts, sharing and discussion. Artzt and
Armour-Thomas (2002) also argued that whether a teacher’s mathematics teaching was
in line with the claims in the reform should be analyzed from the three aspects of the
presentation of mathematics problems, creation of learning environment and interac-
tions between teachers and students. Combining the findings of past studies and sub-
stance of the curriculum reform, this study probed into teachers’ use and allocation of
instruction time on four teaching activities, namely review of previous materials and
preview of new materials, development of new content, interactions and discussions,

practices and applications.

2.2. Factors Influential on the Teacher’s Mathematics Teaching

Mathematics instruction is the instructional performance converted from a teacher’s
knowledge and beliefs under a particular environmental context (Fennema & Franke,
1992). In other words, teacher’s knowledge and beliefs are key influence factors on his
or her instructional performance (Grouws et al., 2013; Sandt, 2007; Tarr, Reys, Reys,
Chévez, Shih, & Osterlind, 2008). Viewed from the implementation or use of the curri-
culum, teachers are using the mathematics problems from the textbooks most of the
time (Grouws et al., 2004; Stein, Remillard, & Smith, 2007). During the course of im-
plementing instruction, therefore, the personal knowledge and beliefs of a teacher will
interact with the content of the textbooks, namely the subjective characteristics will in-

teract with the objective characteristics. Teachers will moreover take the personalities
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and performances of the students, and the current environmental context into consid-
eration (Remillard, 2005). In the study on the use of textbooks, Hsu (2013c) found that
teachers tend to consider more the factors relating to themselves and the students, and
less on the influences of textbooks and the context. Henningsen and Stein (1997) sug-
gested that under the influence of students and the context, teachers will present the
cognitively demanding mathematics problems in a closed dialog and in a way that em-
phasizes memorization. In the study on pre-service teachers, Lloyd (2008) found that
teachers’ instructional performance are influenced by the context of the teaching field,
his or her mathematics knowledge and attitude, and the characteristics of textbooks.
Boaler and Staples (2008) also suggested that teachers” personal mathematics instruc-
tion beliefs and positioning will affect their choice and implementation of mathematics
problems, thus influencing their instructional performance.

Although conducted with different methods, on different subjects and from different
perspectives, the studies reviewed above have all come to similar conclusions. Namely,
teachers’ instruction implementation will be affected by such factors as the teacher’s in-
trinsic properties, the students s/he is faced with, the context s/he is in and textbooks
used for the instruction. This could be used as a reference for this study in the investi-

gation of the factors influential on the teacher’s use of instruction time.

3. Research Method and Implementation
3.1. Research Method

Teacher’s use of mathematics instruction time has so far been a topic getting little at-
tention from the mathematics education community. As the use of instruction time is
often highly personalized in terms of the process and its results, cases studies are fa-
vored for exploratory studies on such topics. Only in this way could its implementation
and relevant influence factors be investigated in an in-depth manner later (Hsu, 2013c).
This method is used also because most previous studies on instruction implementation
(Hsu, 2013a; Lloyd, 2008), and teacher performance (Borko & Livingston, 1989; Even,
Tirosh, & Robinson, 1993) are also conducted through case studies. Given the explora-
tory and complicated nature of instruction time as a research topic and by referring to
the methods adopted in relevant studies in the past, this study used case study as the
research method. A teacher with over twenty years’ teaching experience was chosen as
the subject of study, the aim of which was to probe into his use of instruction time on
such four teaching activities as review and preview, development of new content, inte-
ractions and discussions, and practices and applications on a mathematics class. The

factors influential on his use of instruction time were also part of the study.

3.2. Research Subjects

The teacher in this case study is currently working in an elementary school in South
Taiwan. The teacher in this case (hereafter referred to as James) holds a master’s degree
in Science and Mathematics Education and has worked for 23 years as a teacher. Cur-

rently, he is the homeroom teacher for six-graders in his school. Located in the envi-
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rons of a city, the school James is working for has 18 classes. As the student parents are
very concerned about how the students are doing in school, most of them are in close
contact with him. Academically, the students are very used to his teaching style and
able to keep up with the course progress. In his mathematics instruction, James attaches
the greatest importance to the comprehension and application of concepts, rather than
memorization and good calculation skills. His hope, therefore, is that every student
could have the basic capacities for problem solving. Instead of following the content in
the textbook closely, he would often stimulate the students’ interest with real life expe-
riences and sometimes guide the students to have discussions and summaries by de-
signing the right questions at the right time. In order to train the students’ capacities
for practices and application, James often assigns some homework for the students to
be completed at school or back at home. He would also ask the students with better
performance to help those lagging behind.

3.3. Data Collection

1) Teaching observation and recording

In order to have a full understanding of James’s use of mathematics instruction time,
observations and recordings were conducted on his instruction of different mathemat-
ics topics, namely the three learning topics of numbers and quantity, geometry, and
statistics and probability, that is “decimal division” (6 lessons), “cylinder and cone” (7
lessons) and “pie chart” (7 lessons), to be specific. Among them, the focus was given to
decimal calculation on the curriculum materials concerning numbers and quantity, to
the components of solid figures on the curriculum materials concerning geometry and
to plotting and application of charts on the curriculum materials concerning statistics.
That is to say, this study observed and recorded James having 20 lessons from October
2010 to March 2013. Observing and recording the teacher elaborating on each unit in a
full manner, the aim was to understand the teacher’s overall use and allocation of the
instruction time, thus avoiding the errors possible in observations conducted at fixed
time or on certain classes in a random manner (e.g.: observing only the first or last les-
son of every unit). The focus of the observations, of course, was put on the teacher’s use
of time on the four major mathematics teaching activities, including review and pre-
view, development of new content, interactions and discussions, and practices and ap-
plications.

2) Interviews

The interviews were conducted in order to know the factors influential on James’s
use and allocation of instruction time. Six interviews were conducted at three stages.
Firstly, it was the stage prior to the research. The interview (once) was conducted to
understand James’s educational beliefs, teaching methods, how his students were doing
academically, degree of support from the parents, his educational expectations and so
on, thus approaching the orientations and state of his teaching from an overall perspec-
tive and providing the basis for the interviews at the next stage. On the second stage,

interviews (three times, same with the number of units) were conducted at the end of
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each unit. After analyzing James’s use of instruction time on the four teaching activities
in a preliminary manner, the interviews were conducted to understand the use of in-
struction time on the different sessions in a unit or on different teaching activities. The
third-stage interview was conducted after the study was over. Based on the overall allo-
cation of instruction time, the aim was to confirm the factors influential on James’s use
of instruction time when it came to different modules (once). In addition, since James
integrated information technologies into his teaching of the module Cylinder and
Cone, an extra interview was conducted to understand the influential factors in this

case.

3.4. Data Processing and Analysis

1) Calculation of the time for each teaching activity

As this study was firstly aimed to understand James’s use of instruction time on the
four teaching activities of review and preview, development of new content, interac-
tions and discussions, and practices and applications, the data collected in the observa-
tion will be categorized and analyzed according to these teaching activities. Among
them, “review and preview” refers to James’s review of related concepts or skills, pre-
view of the content to be covered, establishment of connections between the old and
new concepts, or between the new learning content and students’ existing experience at
the beginning of a lesson, all conducted with the aim to link the new concepts with the
previous ones and prepare the students for the new learning content. “Development of
new content” refers to the activities implemented to officially teach the new content,
including the presentation of mathematics concepts with different representations, the
explanation of the methods to solve a problem or methods of calculation, the elabora-
tion on the possible misconceptions, the demonstration and illustration of the nature or
definition of a concept, all conducted with the aim to help the students comprehend the
new mathematics concepts or skills. “Interactions and discussions” refer to James’s
asking the students to have interactions and discussions on particular problems during
the course of his instruction, and his inviting the students to make presentations on or
share with other students the results of their discussions. These activities were con-
ducted to check students’ comprehension and thinking, besides giving James the op-
portunity to further clarify on the points the students thought much about or were puz-
zled about. “Practices and applications” refer to the problems or homework teachers
assigned to the students during the course of his instruction, so that students could use
the skills or concepts they have just learned to solve problems, thus consolidating their
learning of new concepts and skills. The time devoted to each teaching activity was cal-
culated and recorded as “mm’ss”. Four minutes and 20 seconds, for example, was rec-
orded as “4’20”.

In order to ensure the reliability of the data and prevent the researcher’s subjective
ideas from influencing the presentation of the data, two analysts were relied on in this
study for the triangulation. The second author and another graduate student majoring

in Mathematics Education were asked to categorize the teaching activities and calculate
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their time after watching the recording of one of James’s lessons. As it turned out, the
categorizations of teaching activities were basically the same while slight differences
were seen in the calculation of the time for each teaching activity. The main reason for
the differences came from the determination of the wait time between the different
teaching activities. The calculation of the time for each teaching activity in the teaching
videos did not begin therefore only after ideas were exchanged and it was decided that
all the time before the next teaching activity began should belong to the previous activ-
ity.

2) Analysis of the interview data

As this study was aimed secondly to probe into the factors influential on teachers’ use
of instruction time, interviews were conducted and the data collected from these inter-
views were categorized. It was hoped that these factors could be understood from the
proportion and content of each category. After the interviews were converted into
transcripts, therefore, they were numbered in the form of “interviewee-date”. With the
teacher in this case study represented with letter “J” and the date with “mm/dd”,
“J1012” meant therefore the interview with James conducted on October 12. After the
transcription and numbering, in order to avoid the influence of subjective ideas, the
analysis on the interview data was conducted in the same way as it was done in Hsu
(2013c). Namely, with the interview conducted on a main topic as the unit, two analysts
were asked to categorize the interview data drawn from the relevant video. The main
topic here referred to the factors influential on James’s teaching. Although it has been
suggested in relevant past studies that the factors influential on a teacher’s instructional
performance include personal knowledge and beliefs, students, textbooks, context, etc.,
we kept an open mind throughout the analysis and conducted the categorization
process according to the interview content. After the two analysts communicated and
discussed with each other on the unit of analysis and definition of the categories, they
conducted their respective analyses on James’s interview content. The scorer reliability
was represented as (2M/(M1 + M2), among which M referred to the number of items
that were classified into the same category by the two scorers and M1 & M2 referred to
number of items that were categorized differently by the two scorers. The aim was to
establish the consistency of the data analysis. The scorer reliability was 0.91. After that,
the two analysts had discussions on the inconsistencies between the two analysts and
did not continue with the categorization of the interview data before they agreed with
each other.

3) Reliability and validity of the data

The reliability of data in this study was established through scorer reliability. Both
majoring in Mathematics Education and having over nine years of experience working
as a mathematics teacher, the two analysts have moreover come to the same results as to
the categorization of the teaching activities. In terms of the slight differences they had in
the calculation of the wait time between different teaching activities, they were also re-
solved after some discussions. As for the analysis of interview data, the scorer reliability

was 0.91, with the inconsistencies also turned into consensus after some discussions. The
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results of the data analysis conducted in this study were therefore quite reliable.

In terms of validity, both the categories of teaching activities, and the factors influen-
tial on a teacher’s mathematics instruction were the results of integrating relevant stu-
dies at home and abroad. In terms of mathematics instructional activities or behaviors,
such studies as Good and Grouws (1979), Weiss Banilower, McMahon, & Smith,
(2001), the analysis of mathematics teaching videos by TIMSS 1999 (Hiebert et al,,
2003), and the study on the use of instruction time in mathematics from two different
perspectives by Grouws et al. (2010), have all come to the conclusion that review and
preview, development of new content, interactions and discussions, and practices and
applications were the four types of activities taking place in a mathematics classroom.
In terms of the factors influential on a teacher’s use of instruction time, this study re-
ferred to the study on the use of textbooks by Hsu (2013c), the suggestions made in
Remillard (2005) on using curriculum, the study on pre-service teachers’ use of curri-
culum in Lloyd (2008) and the research findings of Stein, Remillard and Smith (2007),
all of which pointed out that teachers themselves, students, textbooks and context con-
stituted the main factors influential on a mathematics teacher in his or her class. In
other words, the categorization of data in this study was both theoretically and practi-
cally based. The results generated from the analysis, therefore, should be able to reflect
teachers’ use of mathematics instruction time and the influence factors in an effective
manner. In addition, the observation data and interview data was compared to confirm

the factors influential for James.

4. Research Results and Discussion

4.1. James’s Allocation of Mathematics Instruction Time Constitutes a
Stable Pattern

Table 1 lists the use and allocation of instruction time on 20 lessons featuring different
topics. From Table 1, it could be seen that James has conducted the four types of
teaching activities in the teaching of each topic and in every lesson. It is also found that
the amount of time allocated to each teaching activity is quite stable in every lesson.
Generally speaking, he spends the most time on the development of new content, de-
voting about 17.0 minutes of each lesson on the explanation or demonstration of new
concepts or skills. He allocates a slightly greater amount of time on practices and appli-
cations than on the interactions and discussions between students and the teacher,
spending about 8.2 minutes and 7.3 minutes on each activity in every lesson. Although
he might seem to have spent the least time on review and preview, James tends to spend
an average of 4.5 minutes on this activity in every lesson in order to establish for the
students the connections between old and new concepts or skills. If taken the unit as
the basic unit, the changes in the use of instruction time on each teaching activity in
different lessons of the same unit could be represented as Figure 1, from which it could
be seen that the amount of time devoted to review and preview tends to decrease as the
lessons advance. This is also true when it comes to the development of new content. In

terms of the time spent on discussions and interactions and practices and applications,
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Table 1. Table of James’s use of mathematics instruction time.

Teaching activities Unit ~ Review and preview  Development of new content  Interactions and discussions  Practices and application Total
Decimal division 1 449” 21317 5’36” 4147 36’107
Decimal division 2 5’18” 21’177 607 3’36” 36’187
Decimal division 3 420” 20°07” 720" 440”7 36277
Decimal division 4 430” 15’55” 10°12” 629” 37°06”
Decimal division 5 426 13’477 10°05” 7477 36°05”
Decimal division 6 420” 12’307 10°25” 9’337 36’48”

Cylinder and cone 1 6'16” 20°20” 5°08” 5’377 37217
Cylinder and cone 2 410” 21327 5287 7’137 387237
Cylinder and cone 3 4057 20’157 6177 7427 38’197
Cylinder and cone 4 3’477 19°29” 6’39” 7’537 37°48”
Cylinder and cone 5 3’457 16’30” 7487 9’55” 37°58”
Cylinder and cone 6 448 12’337 8’50” 12’04” 38’157
Cylinder and cone 7 5’45” 1022 10207 11’357 3802”
Pie chart 1 451”7 19’14 5207 7°05” 36’307

Pie chart 2 436” 18’407 5’38” 7227 36’167

Pie chart 3 425”7 1821”7 6’40” 7337 36’597

Pie chart 4 406” 1623” 7’197 8'17” 36’05”

Pie chart 5 3’307 15°08” 7237 10’417 36’427

Pie chart 6 37227 14°05” 6’157 12°33” 36’157

Pie chart 7 4307 11’347 7’187 12’46” 36°08”
Total 89’39” 339’337 146’8” 164’35” 739’55

the amount of instruction time seems to increase as the lessons advance. This trend in-
dicates that James would spend more time on the building the links between new and
old knowledge and the explanation of concepts at the beginning of a unit. After that, he
would gradually spend more time on interactions, discussions, practices and applica-
tions in order to understand and check the students’ comprehension and application. A
very stable pattern is found in James’s use and allocation of mathematics instruction
time, which does not change as the topic varies. Viewing from the total amount of in-
struction time, James has spent about 740 minutes on the instruction, an average of

37.0 minutes in each lesson, which takes up 93% of the total 40 minutes.
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Figure 1. Trend of use of mathematics teaching time of James.

4.2. Influential Factors on James’s Use of Instruction Time

The 27 analyzable units of interviews with the teacher in this case study could be cate-

» «

gorized as relating to the “teacher”, the “students”, “textbook” and “context” in terms of

content. Among them, the category in the interview data relating to the teacher himself
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covers the teacher’s personal opinions on mathematics teaching and learning, including
his opinions on the focuses, implementation and goals of mathematics teaching. The
category relating to the students refers to the individual differences and interest of the
students taken into account by the teacher during his instruction implementation,
while the category relating to textbooks covers the factors concerning the content of the
textbooks or teaching materials prepared by the teacher himself. Context refers on the
other hand, to the pressure felt by the teacher because of the teaching schedule. Of these
four categories, factors relating to the teacher himself have taken up most of James’s at-
tention during his teaching, which accounts for 40.8% of the total (11/27). Next are the
student factors, which take up 33.3% of the total (9/27). Textbook factors account for
22.2% of the total (6/27) while contextual factors are least important in this case, ac-
counting only for the rest 3.7% (1/27). The influences imposed by the different factors
are hereby elaborated as follows.

1) Teacher factors

According to James, like most teachers, the most important thing for him in his first
few years as a teacher was whether he could cover all the content in the textbook, rather
than whether the students have actually learned. Subsequently, after participating in the
seminars on the reform curriculum, where he reflected on his own teaching and be-
came influenced by the concept of learning community, he began to try different tea-
ching methods in order to stimulate the students’ learning motivation and his own pas-
sion for teaching. Although the results were far from ideal in the beginning, he did not
stop trying and has now come to a relatively satisfactory means of implementation.
During the interviews, he kept emphasizing the importance of review, preview, interac-

tions and discussions on the students’ mathematics learning:

... during the review of old content and preview of new content, I would help wake
up the memories of the children and stimulate their motivation to learn for a fixed
time period in every lesson. This has been proved to be very important for their
learning afterwards. Before the interactions and discussions, I will design some in-
troductory questions first and help the students to focus on the key points at the
right time, thus helping them to develop ideas or concepts in a complete manner.
All of these come from the teaching pattern I am currently using, which has been
proved useful in helping the students learn or use the mathematics ideas or con-
cepts they are supposed to learn. This pattern also makes sure that these could be
turned into part of the students’ lasting memory (J1109).

In addition, James also thought that the most important thing for mathematics
learning in elementary schools was the comprehension of basic concepts. Combined
with consequent practices, the students could become familiar with the concepts and be
ensured not to forget them all after the exams. This is why he would not spend all the
time on the explanation of concepts or calculations, but always devote some time for
the students to have interactions and discussions (J1025). This explains the greater

amount of time devoted to practices and discussions in James’s classes.
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2) Student factors

James thought that teachers tended to ignore or spend little time on two teaching ac-
tivities: preview and review, interactions and discussions. What he found, however, was
that preview and review could enhance the students’ learning motivation, as a result of
which the consequent use of instruction time would be more effective and students
would have better outcomes in the mathematics learning. As for interactions and dis-
cussions, they provided an opportunity for teachers to refresh their enthusiasm toward
teaching in the discussions and thinking generated in the interactions between students
and teachers, and those between students. More importantly, the students would be
more confident with mathematics learning in the process (J1109). In his classes, there-
fore, James would divide the students into groups of 3 - 5 and have discussions on spe-
cific problems. On the one hand, they could be helped to clarify the concepts. On the
other, they could feel the joy of learning as a team. As the students became used to and
even fell in love with such discussions and interactions, he began to devote more time
to these activities as the lessons advanced. This was a decision made by him in his many
years of observations and the effects these activities had on students’ learning motiva-
tion and performance. Meanwhile, James also found that students could not focus their
attention on the class for long. If the teacher kept on explaining new content and me-
thods of calculation, the learning outcomes of the students would not be good. Most of
the time, therefore, he would make sure that the time for explanation was about 20 mi-
nutes. As the explanation came to an end, he would do less explanation of the new con-
tent and help the students to enhance learning outcomes through discussions, interac-

tions and practices.

... I tend to spend about only 20 minutes on the explanation of concepts and cal-
culation since the students are not able to concentrate for too long. If you keep ex-
plaining for too long, they might take in less. The key to improving learning out-

comes lies therefore on the subsequent discussions and practices (J1025).

3) Textbook and contextual factors

In his teaching, James does not attach much importance to the textbook and contex-
tual factors. Contextual factors, in particular, accounts only for 3.7% in the interview.
Before each lesson, James would make preparations, which could not only give him an
overall understanding of the key content in the textbook, but also help him find out the
parts that the students might easily be puzzled about. He would also prepare supple-
mentary teaching materials to be used in discussions, interactions and practices in or-
der to help the students enhance their capacities for comprehension and application. In
this teaching, therefore, he would not cover all the pages and questions in the textbook
as he might be supposed to. In particular, as it is his belief that some practices in the
textbook are not relevant to our real life enough, he would usually add several other

<

questions to the lesson. “... In terms of the practices, I tend not to follow the textbook
entirely. Instead, I would add some other practices that are related to the application of

mathematics in real life ...” (J1025). In terms of contextual factors, James said that al-
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though he would feel stressed because of the schedule, he was able to keep up with the
teaching schedule of each unit in a relatively precise manner given his over 20 years of
experience as a mathematics teacher. Given moreover that the students were already
used to his teaching style and the consequent satisfactory results, he did not find the
need to change his instruction implementation or allocation of time because of this
stress.

Making preparations before each lesson and having over 20 years of experience as a
mathematics teacher, James has a better understanding of the content of the textbook
and students’ performance. As a result, he would not depend entirely on the mathe-
matics problems in the textbook and design supplementary teaching materials by him-
self instead in order to help the students clarify their misconceptions or think further.
Although the mathematics instruction time of each week is limited, he could still pro-
vide more time for the students to have discussions and interactions based on his opi-
nions on mathematics learning and teaching, and the students’ learning motivation and
interests. Apart from this, he would also provide other mathematics problems not in-
cluded in the textbook for the students.

4.3. Discussion

The use and allocation of mathematics instruction time is not only one of the standards
for effective mathematics teaching (Good & Grouws, 1979), but also the key influence in
students’ learning (Grouws et al., 2010). It is therefore included as one of the compo-
nents of OTL (Hiebert & Grouws, 2007). In the past two decades, although Taiwan is in
the course of an educational reform, few studies have been conducted to investigate the
use of mathematics instruction time. According to the results of this study, the teacher in
this case would not devote too much time on the explanation of new concepts and skills
in his mathematics teaching. Instead, he has devoted some time to review and discus-
sions, interactions and practices in every lesson. As the lessons in the unit advances, even
more time would be devoted to the students’ interactions and discussions, and even less
on the development of new content. In other words, as the lessons in the unit advance,
the teacher in the case study would gradually transfer the leading role to the students
and provide more opportunities for them to have interactions, discussions and practices.
The allocation of instruction time by the teacher in this case is therefore more in line
with the implementation of teaching activities Grouws et al. (2010) in a reform-oriented
mathematics curriculum, and the principles of student-center, interactions between
teachers and students, communication and expression that are emphasized in a
reform-oriented curriculum (Artzt & Armour-Thomas, 2002). The factors influential on
the use of instruction time by the teacher in this case, based on the categorization in Hsu
and Chang (2010), are titled more to the teaching belief of making the students “develop
and understand concepts on their own”. That is why he has devoted more time to build
connections between old and new knowledge and for the students to explore by them-
selves, discuss and clarify their own misconceptions.

Speaking of the issue of OTL, past studies abroad tended to define the OTL provided
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by a mathematics teacher with the “coverage of textbook content” (Grouws et al., 2013).
This is because most of these countries do not have a national curriculum. The amount
of teaching content, therefore, constitutes a major influence factor in students’ OTL.
For countries with a national curriculum, Taiwan for example, is this definition still
applicable? In this study, although the teacher would provide supplementary teaching
materials, most of the time he is still teaching according to the textbook content. The
OTL provided to the students by the teacher in this case lies therefore not on the cov-
erage of content, but the opportunities he creates for the students to think, discuss and
communicate. Should we therefore think about and develop the definition of OTL from

different perspectives? This awaits many further studies and investigations.

5. Conclusion and Suggestions

5.1. Conclusion

With a senior teacher having over 20 years teaching experience as the research subject,
this study probes into his use of mathematics instruction time and factors influential on
this matter. According to the results, the teacher in this case study has a stable pattern
for the use of mathematics instruction time: although devoting most time to the devel-
opment of new content, he would still find time for the other three activities of review
and preview, interactions and discussion, practices and applications. As the lessons in a
unit advances, he would reduce the time for development of new content, and gradually
increase the time for interactions and discussion, practices and applications. In his use
of mathematics instruction time, the teacher in this case study tends to rely more on his
personal teaching beliefs and the students’ interests. His teaching style is therefore more
in line with the principle of letting the students develop and understand concepts by
themselves. Meanwhile, given his great experience in mathematics teaching and better
understanding of the textbook content and the students’ learning habits, he is less in-

fluenced by textbook and contextual factors.

5.2. Suggestions

Based on the findings of this study, the following suggestions are hereby put forward
for the reference of future researchers. Firstly, as the number of current studies on the
use of instruction time as a research topic is small, whether the use and allocation of in-
struction time by the teacher in this case study is true to other teachers still awaits fur-
ther reflection and investigation. Secondly, in terms of OTL, it is found in this study
that the OTL provided by the teacher here does not lie in the coverage of textbook con-
tent, but in the time he could spare for the students to think and discuss. How the OTL
for countries with a national curriculum should be defined therefore also calls for the
discussion in future studies. Lastly, more empirical data are needed to examine the rela-
tionship between the use of instruction time and students’ mathematics learning per-
formance. Only after this could they serve as references for future mathematics educa-

tion reform.
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