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Student learning in elementary mathematics can be increased by some key teacher behaviors 
identified by research.

After conducting research on mathematics in 
struction in the elementary schools for the past 
several years, we now feel that extant data illustrate 
that the type of instruction teachers use can make 
an important difference in student learning. And 
these learning gains do not come at the expense of 
student interest in mathematics. It appears possible to 
change teacher behavior and to increase student learn 
ing, at least on some dimensions, without elaborate 
or expensive training.

Here we will summarize our past efforts and dis 
cuss needed research in this area. Reviews of the 
literature on mathematics learning and instruction can 
be found elsewhere (Fey, 1969; Riedesel and Burns, 
1973; Dessart and Frandsen, 1973; and Cooney, in 
press).

Our initial research effort in this area began with 
a sample of over 100 fourth-grade teachers who

taught in a middle-class urban school district and used 
the same textbooks. Pre- and post-test data on a 
standarized achievement test (fall and spring testing) 
were available for three consecutive years and thus 
a residual mean gain score could be computed for 
each teacher, and his or her level of effectiveness over 
time could be compared with other teachers.

To distinguish or to make comparisons among
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teachers, it is necessary to accept an operational defi 
nition of effectiveness. In our research we have used 
student test performance on a standardized achieve 
ment test in mathematics to estimate instructional 
effects. We know that a standardized score is not a 
perfect measure of classroom learning (the standard 
ized test does not overlap completely with the con 
tent that has been taught) and that because teachers 
emphasize different content areas somewhat different 
results are produced for the same class with different 
achievement tests (see, for example, Porter and others, 
1978).

Despite the fact that standardized tests have 
many difficulties, we felt (and still do) that there is

"Our research on mathematics instruction at 
the elementary school level has convinced us 
that teachers do make a difference in student 
learning and that inseruice teachers can be 
trained in such a way that student perform 
ance can be increased."

reasonable consensus among teachers and standard 
ized test developers as to what constitutes the mathe 
matics curriculum. Hence, it is possible to use such 
a test to compare the impact of different instructional 
conditions upon student learning. Given that we have 
used standardized achievement tests to define effec 
tiveness, information that we will present about how 
more "effective" teachers behave in the classroom is 
of course restricted to effectiveness in producing gains 
on these tests and to the more basic types of content 
that are assessed by such tests.

To estimate teachers' effectiveness we computed 
a residual mean gain score for each teacher each year 
using his or her students' pre- and post-test scores on 
the standardized test. We found that teachers varied 
considerably in their impact on students' learning, 
despite the fact that they were using the same text 
books and in many cases were teaching comparable 
students (that is, the mean class achievement scores 
were very similar in the fall). Our initial data set was 
thus a powerful demonstration of a teacher effect. 
Some teachers produced much more mathematics 
learning than did other teachers.

Teacher Performance Stability

It is important to note, however, that the stability 
of teacher performance as estimated by student scores 
on a standardized achievement test was low across 
years. For example, some teachers who were relatively 
high one year fell to the middle of the distribution

the following year on the basis of residual mean 
scores (discussion of stability issues can be found else 
where: Brophy, 1973; Good and Grouws, 1975a; 
Emmer, Evertson, and Brophy, 1979).

Some teachers fluctuate from year to year. It may 
be, as Good (1979) argues, that for these teachers 
subtle context variables (such as the particular stu 
dents assigned to a teacher) or personal circumstances 
(some years one can devote more time to teaching 
than is possible in other years) may moderate the 
amount of student learning that is produced. How 
ever, there were some teachers who were stable and 
relatively high or low over several consecutive years.

At this point it would have been interesting to 
explore the reasons for the lack of stability in generat 
ing student learning. That is, we could have studied 
teachers who fluctuated from year to year over time 
to see if they behaved the same way in the classroom 
over consecutive years. However, our focus was 
placed upon observing stable teachers because we had 
an interest in identifying mathematics teaching strat 
egies that were successful in the classroom. It was our 
assumption that those teachers who had a stable and 
relatively high or low level of effectiveness would be 
an excellent starting point for estimating the relative 
effectiveness of different teaching behaviors.

It is beyond the scope of the present paper to 
describe research samples and findings in detail. More 
detailed information can be found elsewhere (Good 
and Grouws, 1975b; 1977; 1979; and Ebmeier and 
Good, 1979). We did find that stable high and low 
teachers differed in their classroom behavior. That is, 
more and less effective teachers taught in different 
ways, and some of these differences in teaching be 
havior were consistent across the two groups of 
teachers (for instance, most of the effective teachers 
were found to perform a given behavior more or less 
often than the relatively ineffective teachers).

The naturalistic findings illustrated that more 
effective teachers, in contrast to less effective teachers 
(1) taught the class basically as a whole (a few stu 
dents might be assigned individual work, but essen 
tially the teacher had one instructional group); (2) 
presented information more actively and clearly; (3) 
were task-focused (most of the period was spent on 
mathematics, not socialization, and so on); (4) were 
basically nonevaluative and created a relatively relaxed 
learning environment (comparatively little praise or 
criticism); (5) expressed higher achievement expecta 
tions (more homework, faster pace, more alert en 
vironment); and (6) had fewer behavioral problems.

The observational work in the naturalistic study 
thus illustrated that it was possible to differentiate 
between the two groups of teachers and enhanced 
our interest in attempting to increase student per-
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formance. Next we wanted to see if it would be 
possible to build a training program based upon these 
effective teaching behaviors which might improve stu 
dent mathematics learning.

The Need for Experimental Work

Although we were pleased with the naturalistic 
findings in the sense that they provided some clear 
contrasts between relatively high and low gain class 
rooms, we were aware of the fact that these were only 
correlational results and that they did not substantiate 
the fact that these teacher behaviors caused student 
achievement. It could be that behaviors not studied 
in our observational research were more directly re 
lated to achievement (more effective teachers plan 
more thoroughly and because of this they are more 
task focused, assign more homework, for instance).

We now wanted to see if more direct linkages 
could be established between the behaviors that had 
been identified in our observational naturalistic study 
and student achievement. Because of the expense in 
volved in field testing a program, we wanted it to be 
as comprehensive as possible. Thus, in building the 
training program we integrated our results with those 
available from other process-product studies and those 
from previous experimental mathematics studies. The 
effort resulted in a 45-page training manual (Good 
and others, 1977).

The program, as pointed out elsewhere (Good 
and Grouws, 1979), is a system of instruction: (1) In 
structional activity is initiated and reviewed in the 
context of meaning; (2) Students are prepared for each 
lesson stage to enhance involvement and to minimize 
errors; (3) The principles of distributed and successful 
practice are built into the program; (4) Active teach 
ing is demanded, especially in the developmental 
portion of the lesson (when the teacher explains the 
concept that is being studied, its importance, and so 
on). An overview of the program is shown in Figure 1.

To test the program, we utilized 40 classrooms in 
the Tulsa, Oklahoma, Public School System. Roughly 
half of these classrooms were assigned to experi 
mental and control conditions. Experimental teachers 
read the manual and were given approximately two 
and one half hours of training.

Experimental Findings

On the basis of observers' records it was found 
that the experimental teachers implemented the pro 
gram very well (with the exception of certain recom 
mendations concerning how to handle the develop 
ment portion of the lesson). Given that experimental 
teachers did use the program, it was possible to "de 
termine the effects of the program."

Flgura 1. Summary of Key Instructional Behaviors ' 
Dfllf «j*v/*» (Flrat tight minute* except Monday*)

(a) Review the concept* and  Will associated with OM horn*, 
work

(b) Collect and deal with homework assignment* 
(e) Art several mental computation exereleee    

Development (About 20 minute*)
(a) Briefly focu* on prerequisite (kill* and concept*'
(b) Focu* on meaning and promoting student understanding by 

wing lively explanations, demonstration*, procee* explana 
tion*. Illustrations, and so on

(c) Aassss student comprehension
(1) Using process/product questions (active Interaction)
(2) Using controlled practice

(d) Repeat and elaborate .on the meaning portion a* necessary 
SMMttr* (About 15 mlnutee)

(a) Provide uninterrupted successful practice
(b) Momentum keep th* ball rolling get everyone Involved,

then auateln Involvement 
(e) Alerting let atudenta know their work will be cheeked at

end of period
(d) Accountability check the students' work 

MomewonV Asarorunent 
'.v; (a) Assign on a regular bail* at the end of each math da**

except Friday* 
(b) Should Involve about 15 minute* of work to b* done at

(e) Should Include one or two review problem* 
Spec/a/R*v/*w* ,.-,"'  .

(a) weekly review/maintenance
(1) Conduct during the Drat 20 minute* e*ch Monday
(2) Focu* on skills and concept* covered during the pre 

vious week -' ' ', . T:
(b) Monthly review/maintenance ,   " ; .

(1) Conduct every fourth Monday '
(2) Focus on skills and concepts covered since the laat 

monthly iwivw

Pre- and post-testing with a standardized achieve 
ment test indicated that after two and one half months 
of the program the performance of students in experi 
mental classrooms was considerably better than those 
in control classrooms. It was also found that the 
experimental students' performance increase con 
tinued at least for some time following the treatment. 
Regular end-of-year testing by the Tulsa Public 
School System (with a standardized test) indicated 
that approximately three months after the program 
had ended, the experimental students were still per 
forming better than were the control students. Such 
findings are encouraging.

In addition to the standardized testing, we con 
structed a content test that more closely matched the 
material that teachers were presenting than did the 
standardized test. The results on this test also showed 
an advantage for experimental classes, although the 
differences between control and experimental class 
rooms were not as large as they were on the stan 
dardized test. Also, pre- and post-testing on a 10 
item attitude scale revealed that experimental stu 
dents reported significantly more favorable attitudes 
at the end of the experiment. Thus, the achievement 
gains did not come at the expense of student interest 
in mathematics. Finally, it should be noted that feed-
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back from the teachers indicated that they felt that 
the program was beneficial and that they planned to 
continue using it.

Needed Research

The results indicate to us that it is possible to 
improve student performance in important ways in 
inner-city schools. Despite these encouraging findings, 
we do not want to imply that the methods used in 
our program are the most desirable way to teach 
mathematics. It would be worthwhile and important 
to investigate the effects of the instructional model in 
a wide variety of situations using additional outcome 
measures. For example, program effects on logical 
thinking, physical applications, consumer decision 
making, and problem solving would be a few of the 
many outcomes of interest. We currently have re 
search in progress that focuses on verbal problem 
solving both as an outcome and as part of an instruc 
tional program. Whether or not the model would 
have desirable impact on outcomes not measured in 
our research is undetermined.

One important situation that we have not actively 
explored is the use of the program with small group 
instruction. Some of the teachers in the control con 
dition who taught mathematics to groups of students 
achieved very good results. Indeed, one very im 
portant research question that needs to be answered 
at the elementary school level is how teachers who 
obtain good results using small group instruction 
behave in the classroom. We know from data we have 
collected that some teachers who teach small groups 
achieve better results than other teachers, but very 
little specific information is available on how these 
teachers behave. Information about effective small 
group instruction would seem to be a very important 
next step in trying to understand mathematics learn 
ing in the elementary school.

Additional refined research on the development 
portion of the lesson is needed at the elementary 
school level. We feel that the active presentation of 
information and careful conceptual development are 
important aspects that are often missing in mathe 
matics lessons. Better ways to describe this portion 
of the lesson and improved conceptual descriptions 
of teaching strategies that can be used to enhance 
development are needed.

In experimental examinations of the development 
phase of teaching it may be appropriate to give special 
consideration to multiple learning outcomes. Trans 
fer effects, for example, might be one such variable 
to measure. In our research, treatment students who 
were exposed to "more appropriate" development 
work may have been better able to transfer their 
knowledge and skills to new situations. This con 

clusion was suggested by the fact that the treatment 
group only moderately outperformed the control 
group on the specially designed content test and 
substantially outperformed the control group on the 
SRA standardized achievement test. The SRA test 
clearly required more transfer of ideas than did the 
content test because the content test was specifically 
designed to closely match the school's mathematics 
curriculum. Further and more careful examination of 
this phenomenon would be useful and interesting. 
Although the implementation of development was 
low, and we have noted the need for better measures 
of developing teaching behavior, we have hypo 
thesized that the development phase was conducted 
more appropriately in the experimental classrooms 
than in controls.

Our research on mathematics instruction at the 
elementary school level has convinced us that teachers 
do make a difference in student learning and that in- 
service teachers can be trained in such a way that 
s,tudent performance can be increased. The system of 
instruction that we see as important can be broadly 
characterized as active teaching. It is important to note 
that active teaching means different things in different 
contexts (Good, 1979). For example, older and more 
mature students can structure more of their learning 
than can young students.

However, we suspect that the active teaching 
model we have proposed is also relevant to instruc 
tion in secondary schools. More research is needed 
at the secondary level in order to establish support 
for this contention and to achieve more understand 
ing of how teachers can structure (without over- 
structuring) mathematics learning. However, the little 
research on secondary school mathematics teaching 
that is available appears to support the advantages 
of active teaching, at least in terms of short-term stu 
dent performance. For example, Weber (1978) found 
that more active teaching in algebra classrooms was 
associated with more student achievement.

Thomas L. Good (left) is Professor of Education and 
Research Associate, Center for Research in Social 
Behavior, and Douglas A. Crouws is Professor of 
Education; both at the University of Missouri, 
Columbia.
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In a study of seventh- and eighth-grade mathe 
matics classrooms, Evertson, Anderson, and Brophy 
(1978) found a set of teaching behaviors associated 
with student learning that are very similar to those 
included in our training program (Evertson and 
others, in press; Evertson, Emmer, and Brophy, in 
press). Among other things, their observational find 
ings indicate that more successful teachers (1) empha 
sized class discussion, lectures, and drill, and spent 
less time on individualized techniques; (2) were more 
task-oriented; and (3) were more active (had more 
mteraction with students; tended to dominate pat 
terns of interaction).

However, as these investigators note, their re 
sults are correlations that describe what rela 
tively more effective teachers did during instruction. 
Whether or not the average teacher would benefit 
from attempting to become more active is an experi 
mental question. These researchers write, "To run 
a successful discussion at the junior high school level, 
the teacher must have good control over the class, 
enough time to plan the discussion well, and enough 
energy to do it five times a day. For teachers who lack 
the classroom control, the time, or the energy, it may 
well be that assigning seatwork is better than holding 
disastrous class discussions" (p. 345).

Earlier we noted that elementary school teachers 
reported positive reactions to our program. We col 
lected this information because we feel that teachers' 
feelings and beliefs about an instructional program 
are as important as teacher behaviors. Teacher be 
havior (whether they used the program in their class 
room teaching) is an important comment upon a pro 
gram, but affective reactions of teachers are equally 
important. That is, despite the fact that student 
achievement and attitudes show increases, teachers 
may choose not to continue an instructional program 
because it takes more time for preparation, makes the 
teaching act too demanding, or because it conflicts 
with teachers' personal definitions of what teaching 
should be. Thus, we found the anonymous positive 
feedback of teachers very edifying because it gave 
a sense of ecological validity to the research.

Clearly, to answer questions about the effects of 
active mathematics teaching in secondary classes it 
will be necessary to conduct field experiments and to 
observe how well an active teaching model can be 
incorporated into classroom teaching. It will also be 
necessary to measure the effects of such teaching on 
student achievement and attitudes. If we are to under 
stand the effects of any instructional program more 
fully, it may be important to involve teachers directly 
in the research process. Teachers have demonstrated 
the capacity to conduct research successfully (see, for 
example, Behnke and others, 1979), and the need for 
integrating teacher beliefs into studies of classroom 
effectiveness has been argued elsewhere (see, for ex 
ample, Fenstermacher, 1978; and Shulman and Elstein, 
1975). Hence, an important next step that we antici 
pate in our research program is to involve teachers 
directly in the design and modification of the teaching 
model that we plan to test experimentally in second 
ary classrooms.

The attainment of a theoretical model that can 
accurately relate instructional processes to subject 
matter achievement is a goal that we continue to 
pursue. Despite the fact that a comprehensive all- 
inclusive theoretical structure is ngt yet available, the 
program has yielded an important set of concepts and 
interpretable empirical relationships. We feel that the 
set of concepts that we have characterized collectively 
as active teaching offers heuristic value to teachers. 
Hopefully, subsequent research will help to improve 
the value of our efforts for classroom teachers.

References

Behnke, G. and others. Coping with Classroom Distrac 
tions: The Evaluation of the Study. San Francisco: Far West 
Laboratory for Educational Research and Development, 1979. 
(Mimeographed.)

Brophy, J. "Stability of Teacher Effectiveness." American 
Educational Research Journal 10:245-52; 1973.

44 EDUCATIONAL LEADERSHIP



Cooney, T. "Research on Teaching and Teacher Educa 
tion." In: R. Shumway, editor. Research in Mathematics Edu 
cation. NCTM Professional Reference Series. Reston, Virginia: 
National Council of Teachers of Mathematics, in press. Chap 
ter 14.

Dessart, D. and H. Frandsen. "Research on Teaching Sec 
ondary School Mathematics." In: R. Travers, editor. Second 
Handbook of Research on Teaching. Chicago: Rand McNally, 
1973.

Ebmeier, H. and T. Good. 'The Effects of Instructing Teach 
ers About Good Teaching on the Mathematics Achievement of 
Fourth Grade Students." American Educational Research Jour 
nal 1 6:1-16; 1979.

Emmer, E., C. Evertson, and J. Brophy. "Stability of Teacher 
Effects in Junior High Classrooms." American Educational Re 
search Journal 16:71-75; 1979.

Evertson, C. and others. "Relationships Between Classroom 
Behaviors and Student Outcomes in Junior High Mathematics 
and English Classes." American Educational Research Journal) 
in press.

Evertson, C., L. Anderson, and J. Brophy. "Texas Junior 
High School Study: Final Report of Process-Outcome Relation 
ships." Vol. 1, Report No. 4601. Austin: Research and Develop 
ment Center for Teacher Education, University of Texas, 1978.

Evertson, C., E. Emmer, and J. Brophy. "Predictors of Effec 
tive Teaching in Junior High Mathematics Classrooms." Jour 
nal for Research in Mathematics Education, in press.

Fenstermacher, G. "A Philosophical Consideration of Re 
cent Research on Teacher Effectiveness." In: L. Shulman, edi 
tor. Review of Research in Education, No. 6. I tasca, Illinois: 
F. E. Peacock, 1978.

Fey, J. "Classroom Teaching of Mathematics." Review of 
Educational Research, 39:535-51; 1969.

Good, T. 'Teacher Effectiveness in the Elementary School." 
Journal of Teacher Education 30:52-64; 1979.

Good, T. and D. Grouws. 'Teacher Rapport: Some Stabil 
ity Data." Journal of Educational Psychology 67:179-182; 
1975a.

Good, T. and D. Grouws. "Process-Product Relationships 
in Fourth Grade Mathematics Classrooms." Final report of Na 
tional Institute of Education grant NE-G-OO-3-0123. Columbia: 
University of Missouri, October 1975b.

Good, T. and D. Grouws. 'Teaching Effects: A Process- 
Product Study in Fourth Grade Mathematics Classrooms." 
Journal of Teacher Education 28:49-54; 1977.

Good, T. and others. 'Teaching Manual: Missouri Mathe 
matics Effectiveness Project." Technical Report #132. Colum 
bia: Center for Research in Social Behavior, University of Mis 
souri, 1977.

Good, T. and D. Grouws. "The Missouri Mathematics 
Effectiveness Project: An Experimental Study in Fourth Grade 
Classrooms." Journal of Educational Psychology 71:355-62; 
1979.

Porter, A. and others. "Impact on What: The Importance 
of Content Covered." Report series. East Lansing, Michigan: 
The Institute for Research in Teaching, 1978. (Mimeographed.)

Riedesel, C. and P. Burns. "Research on the Teaching of 
Elementary School Mathematics." In: R. Travers, editor. Second 
Handbook of Research on Teaching. Chicago: Rand McNally, 
1973.

Shulman, L. and A. Elstein. "Studies of Problem Solving, 
Judgment, and Decision Making: Implications for Educational 
Research." In: F. Kerlinger, editor. Review of Research in Edu 
cation, No. 3. I tasca, Illinois: F. E. Peacock, 1975.

Weber, E. "The Effect of Learning Environment on Learner 
Involvement and Achievement." Journal of Teacher Education, 
29:81-85; 1978.

Two New Publications from The ERIC Clearinghouse 
on Educational Management

THE BEST OF THE 
BEST

1979 OF ERIC 

Volume 2 on educational management

  summarizing the best ERIC system 

literature on 20 topics of interest to edu 

cational leaders

 Classroom discipline, community schools, 

dealing with the drug problem, improving 

school climate, leadership effectiveness, staff 

development, 14 other topics

 One-stop reference to gain awareness of cur 

rent research and practice

$6.50 per copy, prepaid or purchase orders

DIRECTORY OF ORGANIZATIONS 
AND PERSONNEL 

1979 IN E DUCATIONAL 
Sixth Edition MANAGEMENT

  guiding practitioners and researchers 

to information resources in educational 

management

 For each of 162 organizations, cites address, 

phone number, chief executive officer, pur 

pose, subject areas, topics of available 

publications, periodicals, and services

 For each of 520 researchers, cites address, 

subjects of research, affiliations, and avail 

able publications

$5.95 per copy, prepaid or purchase orders

Send orders (payable to E RIC/CEM Publications) to ERIC Clearinghouse on 

Educational Management, University of Oregon, Eugene, Oregon 97403

OCTOBER 1979 45



 
 
 
Copyright © 1979 by the Association for Supervision and Curriculum 
Development.  All rights reserved.  
 
 




