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Abstract 
The paper describes the use of videotaped lessons to analyse the changes that occurred 
in the teaching of mathematics of sixteen elementary school teachers who participated 
in a local program to become specialists for teaching mathematics in grades 4 to 6. 
The analysis focuses on the ways in which the data was obtained, coded, and 
analysed. Changes were observed in the overall structure of the lessons, the inclusion 
of manipulatives and problem solving into the curriculum, and the development of 
thinking skills. The analysis of the videotapes provides an important tool to monitor 
changes in teachers' practices, raise their awareness about these practices, and reflect 
on the conditions needed to consolidate the change. 
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1 INTRODUCTION 

Since 1986, the Teacher Development Component of UCSMP has been exploring the 
idea of mathematics specialist teachers in elementary schools. The belief is that from 
fourth grade onwards, it is unrealistic to expect the average generalist teacher to have 
the necessary content and pedagogical knowledge to teach five or six different 
subjects well. An alternative is to retrain generalist teachers to serve as content 
specialists and as resource consultants to their colleagues in the primary grades. 

UCSMP's initial work with mathematics specialists in elementary schools began 
with a two year project in six Chicago public schools between 1986 and 1988. The 
positive results of case studies (The Mathematics Specialist Project: A Report of 
Three Schools, UCSMP, 1990) conducted in three of the schools, resulted in a grant 
from Ford Motor Company which led to the expansion of the experiment to sixteen 
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other school districts in the USA through the UCSMP Institute of Mathematics 
Specialisation. 

2 RESEARCH METHODS 

For a closer look at the impact of the programme and the changes in mathematics 
teaching, four of the districts were looked at in greater detail. The end of year reports 
sent to UCSMP by the staff developers, the teachers and the principals were analysed. 
In addition, the lessons of sixteen teachers from these districts were videotaped twice, 
one year apart, at the beginning of the programme and towards its end. 

We do not maintain that the lessons are representative of the ways in which the 
teachers taught. It is assumed that the teachers attempted to conduct one of their 
"better lessons", and to reveal their ideas about how mathematics should be taught. 
Reflective discussions about the videotaped lessons taken at different periods during 
the in-service sessions can help analyse the teachers' changed beliefs and practices, 
and the mechanisms needed to consolidate them. 

3 VIDEOTAPING PROCEDURES 

Videotaping was done with two VHS cameras with directional microphones and fluid
head tripods, one to film the teacher, and the other to film the students. Cameras were 
usually set up a few minutes before the beginning of the lesson, to familiarise the 
students and the teachers with the set-up. 

The teacher's camera followed the teacher closely during the course of the lesson, 
and zoomed in for a close-up shot when the teacher explained an important issue in 
the lesson. 

The students' camera filmed general shots of the classroom, as well as close up shots 
of specific children engaged in the lesson's activities. 

The teachers and the students were not given any specific directions before the 
taping. They were asked to act as they would in any other lesson, and ignore the 
cameras as much as possible. Teachers and students were assured that the videotapes 
would be used for research only. Copies of the teachers' videotapes were given to the 
teachers. 

4 THE CODING PROCEDURE 

The coding system used to compare the sets of two lessons per teacher followed some 
of the criteria described in the paper "Traditions of School Mathematics in Japanese 
and American Elementary School Classrooms," by James W. Stigler, Clea Fernandez 
and Makoto Yoshida. presented at ICME, Quebec City, Canada, August, 1992. 

The outlines of the lessons were drawn. A clear indication of the amount of time 
dedicated to each activity in the lesson enabled a comparison of the allocation of time 
to the different activities conducted in the lessons, and the qualitative analysis of the 
teaching procedures. Accurate transcription of the public discourse during each of the 
lessons allowed exact quotations of teachers' and students' words, the coding of the 
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questions into six different categories (name/identify questions; calculate questions; 
count questions; explain how or why questions; higher thinking skills questions; 
check status questions), and the analysis of the type of thinking skills developed by 
the teachers. 

5 THE CHANGED PRACTICE OF TEACHING MATHEMATICS 

The use of manipulatives 
Using manipulatives to explain the mathematical concepts was often mentioned by the 
teachers as one of the main impacts of the in-service programme. The base ten blocks 
were the most frequently used manipulatives to help students understand subtraction 
and addition in whole numbers and in decimal fractions. We looked at the ways the 
base ten blocks were used in the classrooms to determine whether teachers shifted 
from the algorithm approach to solving computation. 

Most teachers insisted on preserving the paper and pencil routines for solving the 
algorithms with the use of the blocks. Students were told that the objectives of using 
the blocks was to "make connections in the mind between the paper and pencil 
method of recording and the blocks." But the teachers did not believe that through the 
manipulations of the quantities represented by the blocks, equivalence and regrouping 
would become obvious. Teachers frequently warned students to avoid making 
mistakes that resulted from incorrect alignment of the numbers, and corrected the 
mistakes by using the technical explanation of the algorithm. They did not allow 
students to manipulate the quantities represented by the blocks to find the nature of 
the mistake. 

Only one fifth grade teacher used the base ten blocks to explain the nature of the 
problem of the day presented to the class. Her lesson dealt with addition and 
regrouping of decimal fractions, and she showed how the fare of a taxi drive can be 
calculated if it is broken into tenths to which different prices are assigned. 

The inclusion of problem solving activity 
The importance of incorporating problem solving activities into the lessons and 
teaching students how to solve them, was constantly reiterated during the in-service 
sessions. The videotapes reveal that most teachers complied with the recommendation 
and allocated time during their lessons to solving at least one problem. 

The types of problems introduced 
The types of problems that were solved in the classrooms varied with the teachers and 
with the grade level of the classrooms. For every teacher, very little change can be 
observed in the types of problems that were introduced. Most problems dealt mainly 
with factual knowledge and the comprehension of terms, and the solution demanded 
an application of a simple one-step mathematical operation to the situation described. 
Only one teacher, who taught gifted students, posed open-ended problems which had 
more than one solution and which demanded an involvement over an extended period 
of time. For only one teacher did the problem of the day present a different 
representation of the mathematical concept to that studied. 
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Teaching problem solving skills 
Most teachers taught problem solving in a similar manner. They read out the problem 
aloud, allowed students some time to solve it, moved between the tables and offered 
occasional help. Manipulatives and calculators were usually on the desks, and their 
use was encouraged. 

For most teachers getting the correct answer was of utmost importance, and their 
questions were usually very concise and focused. Mistakes were usually detected by 
the teacher and the proof for the correctness of the answer was not checked. Students 
were asked to pay attention, and show, by hand, their agreement with the suggested 
answer. In case of a disagreement, teachers did not attempt to create a cognitive 
conflict, but reviewed the procedures, to detect the wrong step. 

Only one teacher stressed the ways in which problem solving skills can be acquired. 
She had her fourth grade students assemble all the problems in a special book, and 
reiterated the necessary steps to understand the problem: look for the necessary 
information, make a sketch to illustrate the problem, calculate the answer, and write it. 

A major change in developing problem solving skiJls can be seen in the ways a 
fourth grade teacher taught the same concept of number of different combinations in 
the two lessons. In her first lesson almost half of the time was devoted to calculations 
of the values assigned to the cells of a 10 x 10 grid which represented the number 
combination of bats and gloves (different prices) that could be bought for less than 
$100. Very little time was allocated to sharing solutions and explanations of answers. 

Her second lesson was devoid of calculations. It was divided into four short 
sections, and time was devoted to the exploration of the differences in the results 
incurred by slight changes in the numbers. To arrive at the answers, her students 
manipulated tangible objects to test out the different arrangements. In the discussions 
that followed, students' seat work (where pupils are seated and work individually on 
drill and practice activities) with the manipulatives, alternative solutions were 
suggested and patterns were explored. At the end of the Jesson the teacher also asked 
her students to describe, in writing, how they solved the problems. 

Time allocated for thinking 
To determine whether in the second lesson teachers allocated more time for thinking, 
we defined total thinking time as the sum of minutes allocated during the lessons to 
the following activities: 
• Time between the assignment of the problem and the beginning of the public 

discourse. 
• Time for sharing answers and different solutions. 
• Time for exploring mistakes. 
• Time for writing about concepts studied in class. 

Since the lessons differed in length, the duration of thinking time was calculated as a 
percentage of the total class time. 

The findings show that during their second lesson most of the teachers allocated 
more time to activities that involved thinking. Increase is not apparent in lessons 
where the objectives of the lessons were to familiarise students with manipulatives, or 
specific skills. 

It was also anticipated that as a result of the programme, Jess time would be devoted 
during class to seat work which involved the practice of algorithms and procedures 
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taught earlier. This occurred for eight teachers. The change was especially prominent 
in the second lesson of a teacher who gave exactly the same lesson both times. In her 
second lesson there was a decrease of 34% in time for seat work. In the first lesson 
she explained the objective of the lesson (to measure angles), handed out protractors 
and worksheets, instructed her students to solve the problems, collected the work, 
summarised the lesson, and assigned homework. 

In the second lesson, she asked her students to sort out cards according to the 
geometric figure illustrated on them, and infer the objectives of the lesson from the 
activity. Her students then measured angles with a protractor, and compared the 
different triangles. The lesson ended with a summary by the teacher and homework 
assignment. 

The types of thinking skills developed 
Transcription of the public discourse enabled the types of thinking skills teachers tried 
to develop to be determined. All the questions teachers asked were listed and coded. 
For almost all the teachers, the total number of questions asked by teachers during the 
second lesson was lower than the number asked in the first lesson. This seems to 
suggest that, for most of the teachers, the pace in the second lesson was slower, and 
teachers were more willing to release some control over the process of learning in the 
classroom, to have their students work in groups or explore the concepts on their own. 

Following Stigler, Fernandez and Yoshida (1992) only the teachers' questions which 
elicited responses from the students were included. Teachers' rhetorical questions, or 
questions that students were unable to respond to, were not included in this coding. 
Six types of questions were found and are described below. 

• Name/identify questions elicit a name or a quantity of an object, and include 
questions like: "How much was the fare?", "A triangle is named by what?", "What's 
the first thing I have to do?", "Guesstimate how many balls are in the bottle". 
• Calculate questions elicit a number, and include questions like: "five minus six", 
"three times nothing", "is nine closer to zero or to ten", and rounding numbers. 
• Count questions engage students in reciting numbers in succession, and include 
statements like: "Do I have 18 in here? Let's see, one, two, three" etc., "How many 
obtuse angles do each of these polygons have", or "the first multiple of 7 is seven, and 
the next are ... ". 
• Explain how or why questions encourage students to describe a thinking process 
that took place. Questions like: "How do you know?", "How did you figure this out?", 
"Why do you have to regroup?", "Tell me how you solved this", "What is the 
pattern?", "What will happen on the nth day?" etc. fall into this category. This 
category also includes questions which require students to check or compare their 
answer against the information in the problems to validate their solution. 
• Higher thinking skills questions require students to apply a certain concept to 
another situation, or generalise a concept. Although these questions vary in 
complexity, they are considered together in one category because the thinking skills 
involved are higher than the ones listed above, and because their rarity in the lessons 
does not justify categorising them into separate groups. 
• Check status questions are used to check the position of the silent majority of the 
students in the class with regards to the suggested technique or solution. Questions 
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like: "Who agrees?", "How many found this?", "Is anyone confused?", "Thumbs up, 
thumbs down" fall into this category. 

Our discussion will focus on the first five categories alone. In the first three categories 
students need to retrieve from their memory a name or a well known procedure, or 
repeat known steps formerly suggested in class. The fourth and the fifth category 
develop students' understanding and insight. 

The most frequently asked question by all teachers was of the name/identify type. 
Changes in the number of questions in each category asked by teachers in the second 
lesson are shown in the following table: 

Table 1 Changes in the types of questions asked by teachers in the second lesson 

Type of Question 

Name/identify 
Calculation 
Count 
Explain 
Higher thinking skills 

Number of Teachers Direction of 
Change 

8 
3 
4 
6 + 
5 + 

The most dramatic change is seen in one teacher whose first lesson resembled the 
typical mathematics lesson taught by a language arts teacher. She first read from the 
textbook the definition of geometric shapes: circle, diameter, radius, chord, arc and 
semicircle, reviewed the terms, instructed her students to create a body circle, and 
name the geometric terms of the lines created by the students. This entire activity, and 
the seat work that followed it with the textbook, revolved around the memorisation of 
the terms. 

In her second lesson, most of the time was devoted to rounding numbers, sorting 
them, cutting and pasting small triangles to create a big triangle from the small pieces 
in which the numbers appeared. The public discourse did not reveal an increase in the 
number of questions that involve higher thinking skills because the students worked 
quietly in their groups, but the actual activities performed in the lessons demonstrate a 
shift in this teacher's concept of what constitutes a good lesson of mathematics. In our 
conversations with the teacher after the lesson she indicated that before the 
programme, she would never think of devoting a whole regular lesson to such 
activities. She would only assign them in enrichment classes. 

6 SUMMARY AND CONCLUSIONS 

Teachers do not usually welcome the intrusion of the cameras into their classrooms. 
However, our experience shows that they can be persuaded to be videotaped if an 
attitude of mutual trust and commitment to learning is created in the group. 

Videotaping teachers in the classrooms is a powerful tool which can be used to 
demonstrate changes in teachers' teaching styles. Its utility can be enhanced if the 
videotaped lessons are used for reflective discussions to understand the underlying 
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processes revealed in the teaching segments, as well as teachers' routine ways of 
operations. 

The videotaped lessons provide real life examples of the actual behaviour of all the 
constituents in the process of learning. Teachers, colleagues and staff developers can 
use the videotaped lessons to understand and improve their teaching skills, monitor 
actual occurrences in the classrooms and reflect upon their consequences. Evaluators 
can use videotaped lessons to sample lessons and determine the outcomes of the 
programme. 

This article explains the methods used to analyse videotaped lessons of teachers 
who participated in four in-service programmes to develop specialised teachers for 
mathematics in the elementary schools. The comparison of the overall structure of the 
lesson, the analysis and of its specific sections, and the coding of the types of 
questions asked during public discourse, offer a measuring stick to determine and 
analyse qualitatively changes that occurred in the teachers' practice. These methods 
enabled us to demonstrate changes in the following areas that were suggested by all 
the programmes: 
• Use of manipulatives. 
• Inclusion of problem solving activities in every lesson of mathematics. 
• Types of problems that were chosen. 
• Teaching problem solving skills. 
• Time allocated for thinking. 
• Types of thinking skills developed. 

Teachers followed the messages and suggestions of the staff developers and changed 
some of their teaching strategies. The close analysis of the lessons reveal that help is 
still needed to complete and consolidate the cycle of change. 
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