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Abstract

The intent of this theoretical paper is to recast our ideas about

teaching mathematics as a result of an extensive research review

on teaching behaviors. The product of this review is an explana-

tory curricular model which takes into account the content being

taught. The purpose of studying teaching from a curricular per-

spective and the constructs and experience which the literature

review was based on is outlined in the initial chapter. The next

six chapters examine the contemporary literature with respect to

some basic categories assumed to relate to teaching mathematics.

These categories include: content, motivation, planning, class-

room events, pupil outcomes and pursuits, and teacher and pupil

background. Finally, in the concluding chapter we summarize the

information and present a model based upon the review. The model

of pedagogy presented in that last chapter should provide reseachers

a set of constructs which can be used to study the teaching of

mathematics.
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CLASSROOM EVENTS

by

Marian S. Small

An enorous amount of information can be gathered about what

is happening in one classroom during one lesson. As Good and Power

(1976) suggest, data can be procured about information, task, re-

sponse, feedback, structural and temporal properties, and each of

these categories can be described in many ways. For example, among

feedback properties, one can observe the source, target, wait time,

informativeness, length, and sign. To study instruction and look

for behavior patterns over a long period of time is an even bigger

task. Brophy and Evertson (1974) studied 59 second- and third-grade

classrooms over 2 years: reports of their results included informa-

tion about 171 low-inference interaction variables (Crawford, Brophy,

Evertson, & Coulter, 1977). Tikunoff, Berliner, and Rist (1975), in

reporting on an ethnographic study of 40 classrooms from the BTES

sample, listed 61 different characteristics of teachers and pupils

that showed up in classroom protocols. Of these, 21 including

warmth of climate, spontaneity of the teacher, engagement levels of

students, and consistency of the teacher, discriminated between more

and less effective instruction.

125
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Wt. Ito* !sat. 01 these cat..goritan in our model and even fewer

in the study currently under way. Much of the missing information,

particularly that related to management attributes of the classroom,

is potentially valuable in predicting effects of instruction. If,

for example, a teacher must spend great amounts of time dealing

with misbehaving students, less time is available for instruction.

Even data about the general climate of a classroom whether it is

quiet and busy or how the teacher treats the pupils, can be useful

to understanding hod/ that ciassrnom functions. However, we have clingen

to concentrate primarily on variables involved directly with trananitt-

ing the subject matter content since those variables are most directly

related to pupil learning. We have chosen to ignore almost all non-

verbal teacher behaviors except those describing organization such as

determination of group sizes for instruction. This is primarily because

interpretation of such behaviors by observers is generally too subjec-

tive and unreliable. We do not ignore all pupil nonverbal behaviors,

however. When determining a student's involvement in learning mathe-

matics, we take account of both verbal and nonverbal indications of

engagement.

Earlier in this paper, we discussed how content, teacher planning,

and motivation affect the organizational and interactive environments,

as well as the amount of time allocated for instruction. Variabil-

ity in these factors, in turn, is hypothesized to influence variabil-

ity in pupil engaged time. To describe classroom events, we have

generated a set of low-inference behaviors which can be coded by

classroom observers. Wt. are Aware that tvrtain high-ohiereoce

variables, such as clarity of instruction, are invariably positively

0
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associated with effective teaching from the point of view of the

resulting student product (Rosenshine, 1971). We believe, however,

that objective data can be more reliably obtained from classroom

observers, and that this type of data is more useful in generating

information which can be explained to teachers and used by them.

We examine both the sequence and frequency of behaviors, although

we cannot measure finely enough to recognize the one critical

statement made at just the right moment by a given child. Our

choice of behaviors to observe is based on previous research, and

will be discussed in more detail in the following sections. We

emphasize the importance of considering quality of instruction

throughout our discussion.

Organizational Environment

A great deal of data is necessary to describe the organiza-

tional environment of a classroom. This ranges from information

about the media used in teaching, such as television, texts, or

computer-assisted instruction, to information about the school and

about the grouping plan for a particular day. Although many studies

have compared the effectiveness of various types of media in pro-

ducing student learning (Jamison, Suppes, & Wells, 1974), we use

only the most common situation which is 15 to 40 youngsters and

their teacher supported by textual and perhaps manipulative materials.

.11
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We do not dual with the effects of the nature of the school on

classroom events. We ignore data on community involvement, socio-

economic status, and the like. These variables are important, but

are related to variables discussed in Chapter VII in the section

called "Pupil Characteristics." We recognize certain essential

differences between schools which are organizational rather than

environmental and that these affect teacher decisions about or-

ganizing the classroom. Romberg adapted Perrow's (Anglin, 1976)

organizational theory and suggested that there are four types of

schools, varying along two dimensions. The variations are based

on whether students are treated as uniform and whether the instruc-

tional process is seen as more of an art or science. The per-

ceived need for individualizing instruction and the teacher's defini-

tion of his or her role in the classroom are obviously affected by

which type of school the classroom is found in. In other words, a

teacher situated in one of these four types of schools operates

under a set of constraints which partially delimits the choices he

or she can make in organizing instruction, particularly in the areas

of grouping and structuring.

The choices a teacher makes in organizing the pupils and class-

room are important in predicting the nature of student-teacher

interactions, peer interactions, and pupil otucomes. Obviously, a

teacher who does not organize instruction well by forcing children

11.
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to wait for help or planning activities that require long set-up

times during what should be learning time, will minimize the amount

of time students are engaged in learning.

Organization, as defined here, involves the level of teacher

control of the learning situation, the frequency and sequence of

teacher-directed as opposed to independent work, the variety of

learning activities, the degree of teacher monitoring of student

activity, the sizes and types of pupil grouping, the presence or

absence of manipulatives and other learning aids, and the levels of

teacher and student mobility. Several concepts described by Kounin

(1970) are also part of the organizational environment. In particu-

lar, momentum, the absence of teacher behaviors which slow the pace

of the lesson, and accountability, how much the teacher holds

children responsible for their performances, would be expected to

affect engagement. These are not specifically studies here, however,

since they are considered as primarily aspects of classroom manage-

ment.

The first aspect of classroom organization we consider is the

amount of teacher control over learning options, pacing, and verbal

interactions. This can vary substantially depending on the type

of pupil outcomes sought, the personal characteristics of the pupils

or teacher, the institutional characteristics of a particular school,

or the type of content being taught.



In some cases, community policy or a staff agreement may dictate

the level of structuring in a school for virtually all learning

activities occurring in that school. In other cases, the level of

control varies with activities, where the teacher allows the content

being taught to determine his or her structuring of the activity.

For example, one aspect of structuring is control over student

options. Since some content can be learned in a variety of ways,

the teacher may allow each student to choose the activity he or she

prefers to gain the necessary understanding of the required material.

In other cases, this is not possible and the teacher cannot allow

choices. Review material is also more likely to be left unstruc-

tured than new material since the teacher probably believes that

students require less guidance with old material.

Peterson (1978), in reviewing the literature on open learning

environments as opposed to highly structured ones, finds that on

the average, direct, highly controlled instruction may be slightly

superior for increasing pupil achievement. A less structured en-

vironment appears to be a better choice for promoting creativity,

independence, curiosity, and a good attitude toward school and

learning. Thus, the level of instructional control is likely to

vary among teachers and schools depending on how desirable certain

of these pupil outcomes are to those teachers or schools. One would

expect that some combination of structured and unstructured activi-

13
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ties would be necessary for achieving a balance of desirable educa-

tional outcomes. Peterson suggests that the degree of structuring

should vary from child to child, depending on certain pupil charac-

teristics, perhaps students' attitudes to various structures. Pupils

would be placed in the appropriate environment for their own best

growth. Similarly, certain types of teachers may operate more

effectively in either less or more structured classrooms; each

teacher probably creates the best possible situation for himself

or herself.

Rosenshine (1971) reviewed studies on the pupil's level of

control over learning options. He reported that allowing students

a choice among tasks appears to be dysfunctional, although allowing

choice of behavior such as where to work, does not. Based on these

and other studies, he later advocated direct instruction with high

levels of teacher control since he believed that this would produce

high levels of engaged time (Rosenshine, 1976).

In a study with low socioeconomic status students in grades

one and two, Soar (1973) found that total structured time correlated

positively with reading and arithmetic gains for both high and low

complexity outcomes. He used scores on seven different language

arts and four arithmetic standardized tests as well as several scales

specially designed for the study to measure achievement gains. This

structured time included time on seatwork and time with the teacher

14



in a large group setting. He found that structured time with the

teacher correlated negatively with low complexity outcomes in both

subjects in grades one and two, but positively with high complexity

outcomes in grade two. This may reflect the importance of indepen-

dent seatwork in practicing low level skills in elementary school

subject areas. In discussing this and other studies, Soar and Soar

(1976) reported a trend which shows that:

. . . the most closely structured learning activities

tended to relate to gain in low cognitive level learn-

ing outcomes. Measures which reflected a structure

affording some degree of control and yet some degree

of pupil initiative appeared to relate to gain measures

at higher cognitive levels. (p. 263)

Soar, like Peterson, suggests that pupils may differ in the kind of

classroom environment in which they function best.

Grannis (1978) reported on 20 second-grade children, most of

them placed in Project Follow Through classrooms in four different

programs. Each was observed 1 full day and information about the

pupil was coded every 30 seconds. Grannis looked at the source of

control (student, teacher, or joint) of task options, pacing,

materials feedback, and expected learner interaction and the re-

sulting levels of student engagement. He found that control of op-

tions by the teacher varied from 21% to 66%. On the other hand,

pacing and materials feedback control varied very little between
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classes. Figures on teacher control of pacing ranged only from 21%

to 51% and teacher control of feedback from 47% to 64%. Few in-

stances of joint control were observed for any category.

The most important result of Grannis's study is the positive

relationship he found between consistency of control in the various

categories and high levels of student engagement. Grannie noted

that high levels of engagement can occur with either teacher or

learner control of options if pace, materials feedback, and learner

interactions are controlled by the same party. In an earlier paper,

Grannis suggested that each type of control option was associated

with a certain educational goal. Teacher control was thought to

be related to community goals, with the individual being of less

importance than the general group. Learner control was related to

goals of individualization, with individual needs taking priority.

He suggested that joint control was related to goals of competence.

Grannis hypothesized that the presence of a certain set of controls

signals the purpose of an activity to students and that the congruence

of purpose and appropriate structure is important for achieving the

intended goals. Thus, consistency of control is likely to provide

unambiguous information and students, understanding their task, are

likely to be engaged.

We are left with the impression after reviewing these papers

that the effective teacher varies the structure of an activity to
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try to meet individual needs taking into account the content being

taught and the appropriate structure for that content. It is un-

likely that only direct instruction or only a totally open environ-

ment is desirable, even if one or the other produces high levels of

engaged time for particular students.

Based on the findings reported here, we have decided in our

current study to judge whether the target student being observed is

engaged in a structured activity or an unstructured one at each

sample moment coded. We define an unstructured activity as one

of the learner's own choice where he or she is allowed to determine

what the activity is and how to carry it out. We do not separately

code an activity option when the method of carrying out the activity

is highly structured since the content is not under student control.

Unfortunately, the appropriateness of the structure cannot be judged

because so many pupil, teacher, and content characteristics enter

into such a judgment.

Besides limiting student options, teachers can attempt to con-

trol the way students think about certain content. This can or

should vary with the content taught, certain teacher characteristics,

or even grade level. We believe each structured learning activity

can be rated in terms of the teacher's attempt to routinize student

learning and limit the thinking processes used by his or her students
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during the course of that activity. We also believe the degree of

routinization achieved affects the kinds of questions and struc-

turing comments offered by teachers as well as the responses made

by pupils. Examples of attempts to control pupils' thinking are

abundant. Suppose students are asked to work on word problems, but

not allowed to solve the problems and display the answers in their

own way. The teacher demands that students write open sentences

of the form X + Y = Z or X Y Z for each problem and then solve

it. In this way, the pupil's thinking is molded into a predeter-

mined pattern. This attempt to routinize instruction is appropriate

in some instances and not others. The appropriateness of the

teacher's actions in this regard should be measured along with

simple frequency counts of whether content is taught algorithmic-

ally.

Another aspect of classroom organization is the extent to

which pupils engage in inde2endent work versus teacher-directed in-

struction. Teacher decisions about the frequency and sequence of

teacher-directed as opposed to independent work will normally

depend on the nature of the content, information about individual

pupils, and personal biases. One would expect a mix of these two

organizations for high quality instruction. Sometimes an unchang-

ing pattern of organization is deliberate, however. For example,



136

Good and Grouws (1977a) advocate teacher-directed developmental work

for a substantial portion of each class period followed by indepen-

dent practice by the students. They have found this highly effec-

tive in producing student achievement in mathematics.

In other classes, the teacher may examine the content daily

and decide whether a particular objective is best taught through

independent work or through teacher-directed instruction. This

may be influenced by the readability of learning materials, pre-

vious experiences with teaching that content, suggestions made in

a teacher's guide, or the teacher's awareness of and belief in

certain learning principles. In other classes, the teacher may

simply make a decision based on personal convenience. We would

expect the pattern of teacher-centered and independent work to

predict interactive behavior and pupil engaged time, especially in

light of BYES results which showed independent work most valuable

for grade five reading, but whole class or group work best for

grade five mathematics and for grade two work in both subject areas

(McDonald, 1977).

The reasons for assigning independent work can vary. According

to Bloom (1971), independent work allows a pupil the opportunity to

master content at his or her own pace. Bloom reasons that a pupil

is more likely to attend to work geared to his or her own pace and

not to some arbitrary reference group within the class. From the



point of view of many mathematics curriculum developers, a child

learns by doing (Biggs & MacLean, 1969). This, too, implies a

fairly large component of independent work.

Usually, the phrase "independent work" is really a synonym

for what we call "seatwork." Rosenshine (1976) reported that, by

far, more time is spent on seatwork in grades two and five than

on any other reading or arithmetic activity. Brophy and Evertson

(1974) found that amount of seatwork in grades two and three

correlates positively with gains on standardized word discrimina-

tion and spelling tests. Yet BTES results (fisher et al., 1978)

indicated that seatwork is sometimes associated with low levels of

engagement, where we might expect lesser gains in achievement.

One reason students may be off-task during seatwork is the

teacher's failure to monitor students during this time. Harnischfeger

and Wiley (1978a) hypothesized in their model of school learning

that teacher surveillance determines task involvement. BTES

(Fisher et al., 1978) results indicated that frequency of monitoring,

which includes both academic observation and questioning, is posi-

tively correlated with engagement. Good and Grouws (1977a) also

emphasized the importance of monitoring student seatwork.

Another problem with seatwork is the student's inability to

proceed if he or she is confused. Crawford and Gage (1977) point

our the importance of clear directions when assigning independent

20
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work. Lack of clarity can cause a student to wait for help, which

results in further off-task behavior. In our present study, we

intend to record each moment sampled whether a student is engaged

in independent work or not.

We recognize that a student's engagement may be affected by

how appropriately an activity is organized, although we do not

judge appropriateness in our present study. For example, if a

teacher's objective is to diagnose pupil performance on number

facts and he or she has each student only answer one question while

the others wait for their turn, we will see a lot of off-task be-

havior. To same extent, appropriateness of organization can be

determined a priori by examining the content being taught. On the

other hand, after an activity is completed, one may say the organi-

zation was appropriate if students all seemed to pay attention and

learn from the activity. This does not necessarily say the organi-

zation was optimal, of course.

We observe teacher monitoring of students indirectly by re-

cording the teacher's verbal interactions during independent pupil

work. In this way we can observe feedback and questioning, the

normal verbal evidence of monitoring. Nonverbal monitoring may be

an important variable, too. unfortunately, we will not detect

this in the present study.

V
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In our model, we assume the timing of a behavior is as impor-

tant as the amount of that behavior. Therefore, we would expect

the relative amounts of teacher-directed and independent work to

predict interactive behavior and pupil engagement, and also the

timing of these situations. We determine whether independent

activities follow or precede teacher-directed learning for a given

activity or whether objectives are met only through one of these

approaches. Appropriate timing for different organizations in-

fluences engagement, too, but this is not measured in our present

study.

A third element of organization is the teacher's choice of

how many activities a student or class will attempt to deal with in

one learning period. In some instances, variety is beneficial.

Some students may be more prepared for certain content and may re-

quire different learning activities. Faster students should have

other activities available which deal with the subject content and

maximize their opportunity to learn. Students may get bored with

certain types of tasks and variety can maintain their interest.
a

Good and Grouws (1977b) advocate that each mathematics period be

divided into several sections: review of previous work, development,

and seatwork. They found that this type of teaching strategy

proved highly effective in elementary school mathematics.

On the other hand, some studies indicated that classes oper-

ate better with fewer activities for any single lesson. Scott
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(1977), in a study of preschool teachers, found observational re-

cords for more effective teachers, as identified by supervisor

ratings, showed fewer independent episodes than for less effective

teachers. She suggested that the effective teacher's behavior was

continuous and flowing rather than disjointed. McDonald (1975) re-

ported that variety of instructional materials is negatively corre-

lated with achievement on standardized mathematics tests in the

BTES sample. Stallings and Kaskowitz (1974) reported a negative

association between number of activities in a day and arithmetic

scores on the Metropolitan Achievement Test. We suspect that

where a variety of activities occur simultaneously or a variety of

materials are used, students may work in unsupervised small groups,

listen to irrelevant directions, or wait for their own directions.

In addition, if more time is necessary for giving sequential direc-

tions, then less time is available for content, and achievement

will suffer.

A teacher must balance these advantages and disadvantages

and consider the nature of the content when organizing the day's

instruction. We will observe the number of activities in each

learning period during the current study and hypothesize that

variability here is predictive of variability in pupil engagement.

The structure and function of pupil grouping affects types

of communication and task involvement. Although the teacher may
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implicitly define a group of students, as when a teacher chooses

a reference group to base the pacing of a lesson on (bahllof,

1971), we look only at explicit grouping structure and function.

Harnischfeger and Wiley (1978a) distinguish between small

group, large group, and individual work in their model of school

learning. Although we have already examined some evidence indicat-

ing the relative effectiveness of individual and teacher-directed

situations, further distinctions between small and large group

settings can be made in light of other research results.

Medley (1977) summarized the results of several studies by

saying that the teacher who maximizes large group instruction

sees the greatest gains in pupil achievement. For grade three

pupils, Stallings and Kaskowitz (1974) reported positive correla-

tions for large group instruction with arithmetic and reading gains

and negative correlations for small group instruction with outcome

gains. However, they found small group instruction was effective

at the grade one level. Soar (1973) reported negative correlations

for small group work without a teacher present with outcome gains.

His sample was comprised of grade one and two students. Good and

Grouws (1977a) found that third-, fourth-, and fifth-grade students

appear to benefit more from whole class than from small group in-

struction. They also observed that teachers using whole class in-

struction most generally fell at either extreme in terms of their

classes' residual achievement gains in mathematics. None of these

21
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studies attempted to determine whether the type of content had any

bearing on the effectiveness of a small group organization.

We know that learning time in most schools is spent in large

group or independent and not small group work (Gump, 1967; Stallings

& Kaskowtiz, 1974). Why do we find so little small group work?

The grouping structure is likely to affect the amount of verbal

interaction among peers, as well as the level of involvement.

More peer interaction about content occurs in small groups, but

so does more off-task talking. Also, the teacher can only deal

with one small group at a time and off-task waiting time is in-

creased for students in other groups.

In spite of these disadvantages, small group instruction has

a place in the classroom. Soar (1978) suggested that when

students are attentive to their tasks a small group organization

is very effective. Small groups teach children to cooperate with

and learn from each other. Instruction may be tailored to groups

of students with different entry behaviors or to groups with

different outcome goals. And tasks requiring different equip-

ment may be shared in small groups.

How do teachers form groups? Grouping criteria can be based

on student abilities, personalities, or interests. Groups can be

formed because certain youngsters have difficulty with a particular

problem. In our interviews with teachers in the current study, we

?5
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will ask what criteria they use in forming groups. In our obser-

vations, we code group size for each learning activity for each

student sampled.

Literature in mathematics education has stressed the impor-

tance of manipulatives in teaching mathematical ideas to young

children. Much of the stress is based on work by Piaget (Copeland,

1976) which indicates that at certain levels of development, con-

crete understanding of concepts may be achieved although more

formal understanding may not. For example, the student may be

unable to multiply 38 by 22 unless he or she has materials such

as rods and cubes available. Of course, the materials should be

appropriate to the task. Physical materials also provide the

student with immediate feedback which correlates positively with

achievement gains (Fisher et al., 1978). The use of materials

affects the types of comments teachers make and the students'

potential to handle tasks without teacher assistance. Thus, in

our current study, we distinguish among lessons using few, some,

or many manipulatives.

A final aspect of organization which we address is the level

of teacher and pupil mobility. Stallings and Kaskowitz (1974)

reported that more effective teachers show higher mobility, yet

RTES results (McDonald & Elias, 1976) suggested that effective

teachers spend more time at their desks than less effective ones.

96
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Soar (1977) found that much physical movement in the classroom

related negatively to both cognitive and affective outcomes, but

Brophy and Evertson (1977) reported that allowing pupils to move

about with permission is effective. Given the conflicting

evidence, we believe that student and teacher mobility should be

considered.

In summary, we have chosen to measure the organizational en-

vironment of the classroom in terms of: (a) whether the student

is engaged in a structured activity; (b) whether an activity is

taught algorithmically and whether this is appropriate for a given

objective; (c) the timing, amounts, and appropriateness of teacher-

directed and independent work; (d) the extent of teacher monitoring

of independent work; (c) the variety of learning activities in a

given lesson and over the course of a topic; (f) the grouping of

students--large, small, or individual--and teacher criteria for

determining grouping; (g) the extent and appropriateness of

physical materials; and (h) the levels of student and teacher

mobility. We expect these measures to predict pupil engagement and

the kind and amount of verbal interaction in the classroom. Vari-

ability in organizational environment should be an important factor

in predicting teaching effectiveness (Carroll, 1963). A great

deal of literature can be found on the importance of individual-

izing instruction. We believe most teachers vary organization,
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content, and time allocations to meet individual needs. We have

chosen not to measure degree of individualization separately. We

expect that effective teachers change organizational strategy in

response to learner needs, and in the current study we observe

these changes.

Interaction Environment

General Data about Interactions

Many studies describe and analyze verbal classroom behavior

(8ellack, Kleibard, Hyman, & Smith, 1966). We are interested in

general information about verbalization such as how much talk

there is, who talks to whom, and whether the talk centers on the

content or on directions relating to the content.

Unfortunately, we cannot focus on clarity and appropriate-

ness of verbal behavior in our current study, but must concentrate

on frequency and type of communication. Rosenshine (1968) measured

clarity through low-inference variables such as verbal fluency

and the number of explanatory links used by the teacher. Wright

and Huthall (1970) studied the clarity of questions by counting

the number of times a teacher's question was immediately followed

by another question or additional information from the teacher.

As a high-inference variable, clarity ratings have been linked

to pupil growth by some researchers (Good & Grouws, 1975i Rosenshine

28
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& Furst, 1971), but not by others (Brophy & Evertson, 1974). loft

believe more detailed study of clarity and appropriateness of

teacher verbalizations is necessary.

Teacher verbalizations comprise one half to two thirds of

all classroom interaction time (Furst & Amidon, 1967), but the

amount is usually not significantly related to pupil achievement

(Dunkin & Biddle, 1974). Stallings and Kaskowitz (1974) reported

a significantly positive relationship between total academic

verbal interactions and achievement in grade one. As Gage and

Berliner (1975) point out, most correlations of verbal inter-

action with pupil achievement are positive, but not significant.

Although the percentage of teacher talk may appear to be high,

the low correlations indicate that teachers do not talk enough

to increase achievement.

The amount of talk by any one student is normally quite low.

Fortune, Gage, and Shutes (1966) found that amount of pupil talk

is unrelated to pupil achievement. Information on peer interac-

tion may be useful, though, in providing insights into the learning

process. Grannis (1978) observed that task engagement levels

were only slightly lower if learner interactions were deemed appro-

priate than when they were forbidden. In other words, if students

are expected to talk to each other about a task, they will do so.

In many classrooms this may make a tremendous difference. If
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students are expected to interact, pupils will not need to wait

for teacher help as often since another student can help them.

In this study, we will not analyze student verbal behavior beyond

noting whether it is related to mathematical content, since

teacher talk has the greatest effect on pupil pursuits. We

recognize, however, that student verbal behavior is an important

area for future research.

Soar (1973) found that steady-state teacher talk, as

opposed to pupil talk, correlated negatively with reading and

arithmetic gains on low-level items in grade one, but positively

with gains on high-level items in grade two. Perhaps this is

related to the pupil's need to practice low-level skills indepen-

dently, whereas higher level knowledge requires more input and

organization from someone with a broad overview of the content.

The West Georgia College Project (Coker, Lorentz, & Coker, 1976)

found that teacher lecturing, even when pupils were bored,

correlated positively with both high- and low-level reading gains

on the Comprehensive Test of Basic Skills in grade two. The

reason for these inconsistent results is unclear.

Stallings and Kaskowitz (1974) found that the amount of time

the teacher talked to only one or two students correlated nega-

tively with class achievement in grades one and three mathematics.

Perhaps this reflects the inefficiency of communicating to indi-

3 1
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viduals when the interests of a large group must be served. Of

course, teachers probably spend more time helping individuals

in a low ability group where achievement gains are less likely.

Several researchers have observed who initiates verbal

interactions as opposed to who responds. The West Georgia College

study (Coker et al., 1976) reported negative correlations of

pupil-initiated exchanges with achievement in grades one to

three for both reading and arithmetic, but positive correlations

in grades three to twelve. Stallings and Kaskowitz (1974) re-

ported negative correlations of pupil task-related comments with

achievement in grade three, but Brophy and Evertson (1977) found

student initiation was positively associated with learning in

grades one and two unless answers were called out. Good and

Grouws (1975) and Good, Sikes, and Brophy (1973) also found

high pupil achievement associated with greater amounts of pupil

initiation. Again, in the present study and model, we did not

concentrate on the initiation of verbal interchanges, the

correctness of pupil responses and subsequent teacher reactions,

or whether pupil talk was voluntary.

We believe a necessary distinction to make is between the

content itself and the directions involved in teaching that

content. Large amounts of time devoted to directions detract
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from the student's engagement with the content. Too little

direction giving forces the student to waste considerable

amounts of time and energy determining what to do.

Based on data from Dahllof and Lundgren (1970), Furst

(1967), and Tisher (1970), direction giving occupies about 108

of classroom interaction time. Amidon and Giammatteo (1967)

found that teachers rated as "superior" exhibit less use of

directions than others. However, BTES results (Fisher et al.,

1978) showed that teachers who give directions more often and

spend more time on structuring the lesson consistently had

students showing a higher success rate.

We believe the nature of the content affects the amount

of direction giving required. This will reflect the relative

amounts of time spent on content as opposed to directions. We

also make a distinction between exposition and questions as a

measure of the teacher's attempts to encourage student partici-

pation.

In the present study, we will record interactions for our

target students in terms of: (a) direction, that is who is

speaking to whom; and (b) the other participants, teacher,

student, or other adult. For the teacher, we will record inter-

actions in terms of: (a) direction, whether the teacher is



150

speaking or listening; (b) whether the teacher is speaking to a

small group, large group, or an individual student; and (c) whether

the verbalization is a question. For both teacher and pupils,

we will observe whether the interaction is one regarding mathe-

matics content, directions related to that content, or neither.

In attempting to further classify teacher verbalizations, we want

to observe in detail three of the four types of pedagogical moves

outlined by Bellack (1966)--structuring, soliciting, and reacting.

Structuring

Berliner and Rosenshine (1976) found that more effective

teachers make more extensive use of structuring comments than

less effective ones. They tend to make their students aware of

how a particular question, explanation, or activity fits into

a larger framework. Ausubel (1968) and others have indicated

the importance of organizers in learning. We have decided to

distinguish between task and content structuring. We believe

the relevant information about task structuring is captured in

the amount of time devoted to direction giving; therefore, we

wish to concentrate on content structuring.

Bellack (1966) reported that in his observations of 60 high

school social studies lessons, 11.2% of the verbal interaction

was structuring and, of that, 86% was done by teachers. In other

words, teachers do little content structuring and students do even

less.
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Wright and Nuthall (1970) observed teacher behaviors as

they taught science lessons at the grade three level over a 1-

week period. They found no overall relationship between struc-

turing and achievement, but there was a positive relationship

between structuring at the end of an episode and achievement

and a negative relationship between structuring following a

question and achievement. They hypothesized that the negative

relationship may reflect the lack of clarity of the question.

The staff on the Program on Teaching Effectiveness at

Stanford (SCRDT) (1976) also found that high levels of structur-

ing produced higher levels of achievement on certain items.

High structuring effectively led to higher scores on low-order

items based on material taught exclusively by the teacher.

Structuring in their study involved reviewing main ideas,

stating objectives, outlining lesson content, signaling transi-

tions between parts of a lesson, indicating important points

in a lesson, and summarizing parts of the lesson during its

course. The Stanford group found that high levels of structur-

ing also contributed to higher levels of retention. The effect

was less pronounced, though, when student learning was based on

textual material as well as teacher presentation. It was most

pronounced, again, for lower level skills taught by the teacher
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only. Student perception of structuring as measured on a treat-

ment perception scale was greater than the direct effect of

teacher structuring (Staybrook, Corno, & Winne, 1978).

Perham (1974) found that structuring comments at the beginning

and end of a lesson were positively related to low level arithmetic

gains for kindergarten and grade one students. Examples of

structuring in her study included identifying objectives, re-

lating content to previous work, summarizing, and discussing

student work at the conclusion. of a lesson. BTES results showed

that structuring correlates positively with academic learning

time (Fisher et al., 1978) in grades two and five. Direction

giving was included in their definition of structure, however.

Awareness of the purpose of a task or its essential ele-

ments assists a student in remaining on task. We cannot read

each child's mind, but we can measure the overall effects of

different types of structuring on pupil engagement. Teachers

can help students see the relevance of particular tasks. They

can also summarize material if careful not to reduce procedures

and concepts to sets of rules which do not always apply.

Another type of structuring comment which may predict engage-

ment is to announce the relative importance of a particular

activity or topic. Similarly, structuring that includes signals

indicating transitions between lesson parts correlates positively

with achievement (Program on Teaching Effectiveness, SCRDT, 1976).
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We posit three categories of structuring to be important in

predicting pupil behaviors: (a) relating work to past or future

learning; (b) outlining_ objectives of an activity* and (c) summar-

izing or reviewing content. We believe their effects are mediated

by pupil perception of these statements.

Soliciting,

Teachers vary in the amount of questioning and the types of

questions they ask. This variation can be explained in part by

the nature of the content being taught. Dunkin and Biddle

(1974), in a review of studies, reported classroom interaction

in the form of teacher questions ranged from 10% to 16%. Bellack,

Kleibard, Hyman, and Smith (1966)' reported questioning amounted

to 20.2% of the total amount of classroom talk. He found that

about 60% of a teacher's questions are substantive as opposed

to simply task-related. These figures are surprisingly low

since questioning is one of the teacher's main vehicles for

actively involving students in learning, for diagnosing student

understanding, and for keeping students on task.

A positive relationship between teacher use of questions

and pupil achievement have been found in some studies and a

negative one in others. For example, Stallings and Kaskowitz

(1974) found the number of questions asked was higher in effective

teachers' classes, yet Brophy and Evertson (1974) found the percentage

36
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of opportunities for pupil response per unit of time was lower In

effective teachers' classrooms. They also found frequency of questions

was more important to high than to low socioeconomic status pupils.

The cognitive level of teacher questions, that ls, the ex-

tent to which questions require students to go beyond simple re-

call of information is important. Consistent results show that

effective teachers of low socioeconomic students ask more low-

level questions than less effective teachers (Soar, 1973; Soar &

Soar, 1972; Stallings & Kaskowtiz, 1974). Effective teachers

also ask fewer high-level questions.

Recently, Gall at al. (1978) reported on a controlled ex-

periment to study the effects of the level of teacher questions.

Treatments differed in the proportion of high-order and low -order

questions. One treatment consisted of 25% high-order and 75% low-

order, one of 50% high-order and 50% low-order, and one of 75%

high-order and 25% low-order questions. The results indicated

that the middle treatment led to the least gains in achievement

with the other two equally effective. The Stanford group (Pro-

gram on Teaching Effectiveness, SCRDT, 1976) suggests that these

results help explain the inconsistent results of previous experi-

ments. Many high-order questions may be valuable when few low-

order questions are asked, but not if the mixture is more even.

Grannis (1978) helped explain the results of Gall et al. (1978).

Grannis found that consistency among various facets of the

*4
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learning environment is associated with higher levels of engage-

ment. In a consistent situation the student knows what to ex-

pect and spends energy on learning. If a student expects

mostly high- or low-order questions rather than an even mix,

he or she feels secure and this is reflected in performance.

Winne and Marx (1977) suggest that the apparent ineffective-

ness of high-order questions may be caused by not viewing the

teacher as a decision maker. The teacher may not ask a high-

order question of a particular student because that student was

not ready for such a question. Thus, although high-order ques-

tions are valuable, research results associate low-order ques-

tions more positively with achievement.

Joyce (1975b) reported that the more teachers use high-

order questions, the more students use high-order processes.

But in three studies, Soar (1977) found negative correlations

between teacher-pupil interactions at a high cognitive level

and achievement gains, even on complex measures. Brophy and

Svertson (1974) reported mixed findings, but found high-level

questions were beneficial in high socioeconomic status classes.

Good and Grouws (1977b) recommend that teachers use pro-

duct questions rather than process questions for several reasons.

They suggest that by eliciting a quick response, the teacher can

38
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cover more material, provide more students with an opportunity

to speak, and diagnose more difficulties. In addition, easy

questions (usually product questions) provide more success.

The Stanford group (Program on Teaching Effectiveness,

SCRDT, 1976) used soliciting as an independent variable in their

experiment on structuring, soliciting, and reacting. They defined

high soliciting as asking about 60% high-order questions and 40%

low-order, and waiting at least 3 seconds before allowing any

other question, response, or statement after asking a question,

getting a response, or before calling on a second student. They

defined low soliciting as asking about 15% high-order and 85% low-

order questions, and waiting less than 3 seconds after asking

a question or receiving a response for the next interaction.

Results indicated that low soliciting was preferable on both low-

and high-order items when the teacher was the only source of in-

struction and on low-order items when the teacher and text were

sources. Level of soliciting made less difference on retention

tests.

Although low-order questions are beneficial to students,

same doubt about the effectiveness of high-order questions still

exists. A decision about what type of questions to ask cannot be

completely arbitrary, but must depend on the content being taught

39
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and the outcomes sought. Surely some high-order questions are

necessary in a high quality program. The mix of high- and low-

order questions may well affect pupil interest and engagement

over a period of time. We will observe three main types of

teacher questions: (a) low-order questions; (b) high-order ques-

tions; and (c) management questions directly related to content.

This last type of question maintains the distinction

between solicitations regarding substantive matters and those re-

garding directions. We will observe the effects of amounts and

sequencing of various types of questions on engagement. In the

current study, we are unable to collect data on wait time after

questioning or take low-inference measures of question clarity

and appropriateness, primarily because of our sampling technique

for coding data.

Reacting

According to Bellack et al. (1966), the third type of peda-

gogical move is reacting. Reacting moves are behaviors occurring

after a pupil response. A teacher may simply provide praise,

criticism, or neutral feedback. A teacher may also use student

ideas, probe for more information, or change instructional

strategy as a result of particular responses. Bellack et al.

found that 25% of all spoken lines were reacting moves, but this

large figure was due to length rather than frequency of reaction.
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This figure included both teacher and pupil reacting: we concen-

trate only on the former. About 46% of reacting moves were

reported as ratings, although about 27% combined ratings and

substantive information.

Some studies have separated task engagement feedback from

actual academic feedback. BTES (Fisher et al., 1978) results

indicated that while task management feedback is negatively

correlated with engagement, academic feedback shows a positive

relationship with engagement. Stallings and Kaskowitz (1974)

reported a negative relationship between task-related nonacademic

feedback and achievement in grade three, but a positive relation-

ship between total amount of feedback and achievement in grade

one. These results are not surprising. Task engagement feed-

back is given primarily for off-task behavior. We are not

dealing with management aspects of the classroom; therefore,

we will only present academic feedback in our model of instruc-

tion.

A particular type of teacher reaction is an unplanned change

in strategy based on pupil responses. This is one aspect of

what BTES (Fisher et al., 1978) termed the teacher's ability

to prescribe. Two other aspects of this ability involve goal

directedness and flexibility in use of instructional materials.

They found the ability to change;strategy, when combined with
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flexibility, was positively related to academic learning time in

grade five. We include use of strategy changes in our model as a

possible predictor of pupil engagement.

The effects of length, informativeness, and immediacy of

feedback have been studied by several researchers. Brophy and

Evertson (1974) suggested that, in general, lengthy feedback to

pupil questions is counterproductive in grades two and three.

Brief feedback was useful in mathematics, but not in reading,

and particularly valuable for high socioeconomic status pupils.

Failure to give any feedback for a correct answer correlated

negatively with achievement in arithmetic, but positively

with achievement in reading. Perhaps in arithmetic students are

more at a loss to decide if they are correct without teacher

assistance. Good and Grouws (1977b) also advocate short feed-

back to keep engagement high. They suggest that pupils be pro-

vided with feedback within 1 minute of the start of a practice

assignment. Crawford and Gage (1977) recommended that teachers

provide brief feedback for high ability students, but that they

vary the length of feedback for low ability students.

With our time sampling technique, we will not be able to

observe feedback length in the present study. However, we can

observe the informativeness of feedback, which we expect corre-

lates highly with length. Although Zahorik (1968) suggested

that teacher feedback is rarely informative, a number of researchers

4



160

have observed and experimented with this type of feedback. The

Stanford group (Program on Teaching Effectiveness, SCRDT) varied

level of reaction in their 1976 study. Teachers in the high

reacting condition provided informative feedback, prompting,

and praise, whereas teachers in the low reacting condition

provided little information and a neutral reaction. High reacting,

in combination with high structuring, was particularly effective

in terms of pupil achievement and student perception of teacher

reacting mediated the relationship between reacting and pupil

achievement.

High information feedback generally involves elaboration

of student ideas. Perham (1973) found a negative correlation

between use of pupil ideas in grade one with low -order arithmetic

achievement gains. The West Georgia Project (Coker et al., 1976)

reported a positive correlation in grade two between helping

pupils correct misconceptions (presumably a form of high infor-

mation feedback) and arithmetic achievement. Dunkin and Biddle

(1974) also report conflicting evidence on the effectiveness of

certain types of high information feedback; however, most studies

indicated that greater teacher acceptance of pupil ideas did not

relate to achievement.

A third aspect of feedback we mentioned was immediacy.

Brophy and Evertson (1977) reported that immediate feedback was

a
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most functional for low socioeconomic status students, but de-

layed feedback was better for high socioeconomic status students.

This difference may be related to pupils' patience levels. We

do not measure immediacy in our model.

A number of researchers have studied teacher use of praise

and criticism. Dunkin and Biddle (1974) reported a large number

of studies concluding that teacher praise is unrelated to pupil

achievement, but others contradict this finding. Soar (1977)

found that praise is effective for low socioeconomic status

pupils. Wright and Nuthall (1970) also found that praise was

positively related to achievement. Gage and Berliner (1975)

suggest that praise does not hurt and may help and so should be

encouraged.

Brophy and Evertson (1977) found that praise was effective

with low socioeconomic status students, but was unrelated to

achievement with high socioeconomic status pupils. They also

found that criticism was negatively associated with achievement

for low socioeconomic status students, but, in the main, posi-

tively associated with achievement for high socioeconomic status

students. A number of other studies concluded that teacher

criticism is unrelated to pupil achievement (Dunkin a Biddle,

1974). Rosenshine (1971) suggests that strong criticism has a

negative effect, whereas mild criticism does not. We would nor-

mally expect to find little strong criticism in the elementary

grades.

1 .1
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Doyle (1978) noted the inconsistency of teacher rating

reactions. He refers to Bellack et al. (1966) who observed

that about 20% of the correct answers coded in his study got

negative ratings and about 79% of the incorrect answers got

positive ratings. Doyle attributes this, in part, to the teacher's

attempts to maintain control and keep things moving in the class-

room. Thus, the teacher sometimes speaks hastily without care-

fully considering his or her words. The tendency to praise

children whenever possible and not to criticize can also lead

to this inconsistency. Brophy and Good (1970) showed that

differential teacher expectations are associated with reacting.

Teachers were more likely to praise students they expected

correct responses from than students they did not. However,

these same teachers were more likely to accept poor performance

from the students for whom they had expectations. These inconsis-

tencies may lead children to disregard much of a teacher's rating

reactions, explaining the failure to find a significant relation-

ship between teacher ratings and pupil achievement.

In summary, we do not include feedback length, prompting,

and redirecting of questions in our model. We will observe, how-

ever: (a) the informativeness of feedback as either high or low

information; (b) the absence of feedback when it is expected;

(c) the sign of feedback as either positive, negative, or neutral;

and (5) teacher strategy changes.
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According to Bellack et al. the fourth type of pedagogical

move is responding. Although many studies have looked at

variables involved in responding, such as correctness of re-

sponses or congruity of response with question asked, we do

not include this in our model of classroom events.

iExplai ing

Teachers often simply explain content or directions, without

structuring, soliciting, or reacting. WO know that much class-

room talk falls in this category. We are interested in determin-

ing how variability here affects pupil engagement.

BTES (Fisher et al., 1978) reported separate statistics

for planned teacher explanation and for explanation based on

need. They found the former related positively to engagement

and the latter related negatively. This suggests explanation

based on need is rooted in situations where students are unable

to proceed without assistance and often have to wait. We assume

most explanations to an individual are based on need; therefore,

we do not distinguish these two types of explanation in our model.

We distinguish explanation in terms of the size of the group

addressed by the teacher (individual student, small group, or

large group). we expect to detect explanation based on need

by noting when a teacher changes strategy.

We will record when the teacher: (a) explains content; or

(b) explains directions. We use the word "explain" here broadly

AG
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to imply any teacher exposition. Explanations can be elicited

by pupil responses as teacher feedback, but need not be. Al-

though we do not look at clarity of explanation in our present

study, this is an important variable to consider in the model.

Allocated Time

In Carroll's (1963) model of school learning, the time allowed

for learning is a critical variable in predicting achievement.

Bloom's (1971) model of mastery learning also regards time as

an important variable. Harnischfeger and Wiley (1978b) have

pointed out that the time allocated for instruction can vary

tremendously because of variability in number of school days

per year, number of minutes of instruction per day, and teacher's

characteristics in organizing classrooms. For example, in

classes they observed, time taken for managerial tasks varied

from 18 to 90 minutes per day. Dishaw (1977) reported great

variations in student opportunity to learn in the BM sample.

Some teachers allot less than 25 minutes per day on the average

to mathematics instruction and then use up much of this in "clean-

ing up" from previous work. Some teachers also tend to cancel

their math period as opposed to, say, a reading period for

special events or projects. If students lack the opportunity to

learn certain content, high levels of achievement on that content

cannot be expected.



165

Clearly, allocated time must partially predict pupil en-

gaged time. The BTES Academic Learning Time model (Fisher

et al., 1978) includes allocated time for learning activities

as an important variable. In studying sample classrooms, they

found that learning was positively correlated with allocated

time. Stallings and Kaskowitz (1974) found that time spent on

arithmetic correlated positively with high and low level arith-

metic gains in grade three. Soar (1973) observed that the effec-

tive teacher of low socioeconomic status grade three pupils

devoted more time to academic activities than the less effec-

tive teacher.

Obviously, differences in overall allocation of learning

time in a subject can be substantial and important. The teacher

may allocate time differently for various types of pupils,

classes, or content. Therefore, we record the amount of avail-

able time and actual teaching time for each lesson in our study.

The former measures the amount of time teachers plan to allot

for teaching mathematics, whereas the latter deducts any periods

of time used for fire drills, beginning and ending transition

times, or other managerial classroom functions.

Harnischfeger and Wiley (1978a) list pacing of instruction,

a variable related to allocated time, as a factor in pupil

learning. Good, Grouws, and Beckerman (1978) studied pacing in

mathematics. They based their work on earlier results of Dahilof
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(1967) and Lundgren (1972) who found that a teacher appears to

choose a steering group of pupils within the class as a guide

to the proper teaching pace. The higher the level of the steer-

ing group, the more quickly material is covered. Good et al.

reported that pace and, therefore, amount of material covered

was a variable which differentiated between teachers defined as

highly effective or relatively ineffective in terms of their

pupils' performance on standardized mathematics tests over 2

consecutive years. Pupils of teachers who moved more quickly

through the curriculum performed better.

Barr (1975) found that teachers who organized pupils into

small groups paced these groups differently. Obviously, those

who taught classes as a whole paced homogeneously. She pointed

out that teachers who taught similar groups in terms of pupil

ability paced differently and that teacher pacing remained

stable from year to year. This suggests that the propensity to

a certain pace is a characteristic of the teacher. She also

found that influence of colleagues on pacing results in similar

pacing within a school. In a study on learning sight vocabulary,

Barr (1974) concluded that pace affects the level of learning

beyond what one might expect on the basis of aptitude, with rapid

pace associated with higher learning. This is confirmed in the

Good et al. report.



In comparing self-pacing and teacher pacing in high school

science, Arlin and Westbury (1976) found that teacher pacing

tends to depress mean achievement and narrow variance in achieve-

ment. High ability students are affected most since teachers

appear to set a pace better suited to lower ability students.

Thus, the better students have less opportunity to learn. This

suggests that independent work may be beneficial for good students.

Unless, however, the teacher provides a continuous stream of

activities, no advantage would be gained.

We suggest that pacing of instruction is an important vari-

able in our model. The quickness and variability in pace are

predicted by content demands, classroom organization, and teacher

characteristics. In turn, pace differences can predict variability

in engagement. If the pace is very slow for a certain class on

one activity, we expect to see off-task behavior in the data on

higher ability pupils.

In summary, we suggest that variability in three time-related

measures is involved in predicting engaged time: (a) available

time; (b) actual learning time; and (c) actual time per unit of

instruction (instructional pace). We also measure whether these

figures vary for different students to determine if the teacher

is attempting to meet individual needs.

We do not attempt to deal with the measure of time needed to

learn as suggested by Carroll (1963). This is a complex problem.
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In part, the teacher may account for learner differences by

varying available time for different pupils. However, a much

more thorough investigation of the effect of time needed to learn

on engagement is necessary in the future.

51_



VI

PUPIL OUTCOMES AND PUPIL PURSUITS

by

Thomas A. Romberg

Schools are social institutions whose primary purpose is to

transmit specific knowledge and skills to our young people and

introduce them into our social system. Thus, one way of judging

the quality of a school's instructional program is to assess how

well students have acquired the expected knowledge, skills, and

values. Identifying expected pupil outcomes and developing appro-

priate assessment procedures is a major task in all schooling re-

search. In our original model (see Chapter I), these pupil out-

comes were identified: acquisition of concepts and skills, main-

tenance of those concepts and skills, and preparation for new

concepts and skills. Although these outcomes are essential,

they do not exhaust the list of pupil outcomes we might usefully

observe in assessing the way a particular curriculum unit has been

taught.

The effects of all other aspects of instruction are mediated

through what pupils do. For instance, central to other mathema-

tical outcomes are pupils' math experiences. Thus, the subtle

question--How can one determine if pupil actions are productive?--
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becomes a key to the development of a workable model of instruc-

tion. In this chapter these two aspects of pupil actions in the

model, pupil outcomes and pupil pursuits, are reviewed.

Pupil Outcomes

Any answer tohe simple question--What are reasonable pupil

outcomes following a set of instructional experiences in mathe-

matics?--is of necessity quite complex. David Berliner in a

paper titled "impediments to the Study of Teacher Effectiveness"

(1976) outlined several problems facing researchers who are

examining the relationships between teacher behaviors and pupil

performance. He discussed three problems concerning pupil out-

comes: (a) the use of standardized tests, (b) the use of tests

for curriculum units, and (c) multi-variate outcomes. To this

list I have added one other issue, (d) the use of student outcome

measures in making decisions.

Standardized testing. In studies of how teachers affect

students, standardized achievement tests are extensively used

to measure performance outcomes. These tests are generally

reliable, have adequate curriculum content validity, and are pre-

dictive of future academic success. However, they have basic

problems in that they rarely reflect what was taught in any one

teacher's classroom. Also, they are highly correlated with

standardized intelligence tests (whose items measure intellectual



ability, not instructional outcomes) and are usually group ad-

ministered multiple-choice tests. These, when used with young,

bilingual, or lower socioeconomic status children, may yield

biased results. On the whole, off-the-shelf standardized

achievement tests make poor dependent variables for studies of

teaching.

Tests for curriculum units. To insure that tests are con-

tent valid for a particular classroom, many investigators have

either created or identified special curriculum units to study

teaching (Berliner & Ward, 1974; Joyce, 1975b; Montgomery, 1973;

Peterson & Janicki, 1979; Popham, 1971; Romberg & Gilbert, 1972).

These curriculum units contain objectives, pupil activities, and

test items. The teacher is asked to teach the objectives.

Every teacher has similar materials and objectives. Students

are pretested and posttested with tests designed to measure ob-

jectives of the curriculum unit. The dependent variable in this

situation is undoubtedly more valid and more reactive to class-

room teaching than are standardized tests (for example, see

Filby, 1976). However, this methodology may not always show

strong predictive validity over a long period of time. Berliner

points out that the ranking of teachers on effectiveness, as

determined by the relationships between student pretest and

posttest scores associated with an experimental teaching unit,

was only moderately correlated with a ranking of those teachers
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based on gains over the whole school year (Berliner & Rosenshine,

1976). Studying teacher effectiveness with dependent measures

tied to special teaching units may not be a fair characteriza-

tion of teaching over the long haul since teachers may not cover

the same units during a year. But, unit tests are one way to

identify teachers who differ in measured effectiveness when

teaching a common curriculum, to common objectives, for controlled

amounts of time.

Multivariate outcomes. There are a large number of dependent

variables in any instructional interaction that interest any re-

searcher. The first of these is the achievement of the learner

in the situation. Achievement has been a commonly used measure

of instructional outcomes. Actually, since instruction on objec-

tives is spiral, gain in achievement is of primary interest.

However, the problems of dealing with gain scores are beyond

the scope of this paper (see Harris, 1962).

The second dependent variable in instructional settings is

the maintenance of performance. Once concepts and skills have

been achieved considerable time is spent in most classes attempt-

ing to maintain that level of performance. The third dependent

variable i have called "preparation for new concepts and skills"

(Romberg, 1979). The idea grows out of the notion of "savings

transfer" (Cronbach, 1965). The learning of some things, often
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of limited importance in their own right, provide a basis for

the acquisition of later concepts and skills. In this case,

learning goes beyond the initial acquisition of specific con-

cepts or skills to the rules, structure, or thought processes

underlying those concepts or skills. Whether this preparatory

outcome is different from initial achievement is debatable.

However, studies such as Erlwanger's (1975) case study with

Benny demonstrate that while Benny hal_acquired a number of

mathematical skills he had little sense of their structure or

uses.

The muItivariate nature of dependent variables may also be

illustrated with content by process matricies for objectives.

Since the publication of The Taxonomy of Educational Objective:

Cognitive Domain (Bloom, Ed.) in 1956, these matrices have been

used to define basic categories of cognitive processes. They

imply that the acquisition of concepts differs from the acquisi-

tion of skills and both differ from the use of concepts and

skills to solve problems. Thus, these factors should be con-

sidered separate outcomes and assessed independently. When these

processes are crossed with the type of content to be taught in

a year such as addition, multiplication, fractions, geometry,

the result is a tremendous set of specific outcomes. For example,

in the National Longitudinal Study of Mathematical Abilities a
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3 x 4 matrix (see Figure 13) was used to categorize outcome vari-

ables (Romberg & Wilson, 1969).

Another factor adding to this complexity is the learner's

feelings about the instructional situation. Students are seldom

asked questions which probe their liking for their teacher or the

subject matter, enjoyment of their classmates, the perceived de-

gree of threat in the class, or whether they would take more

courses in that area.

Finding ways to aggregate multivariate outcomes so that many

kinds of achievement and affective responses may be used to indi-

cate the quality of classroom life for a child is a major research

problem. As Berliner (1976) puts it ". . . multivariate outcome

measures, simultaneously considering both achievement and affec-

tive outcomes (are] needed for research on teaching. If researchers

in this area do not consider what is learned and what is felt

about that learning, simultaneously, they will continue to

fractionate school learning into pieces that do not resemble the

students' view of reality" (p. 7).

Decision framework. Not only is the question of what out-

comes should be examined quite complex, but also we must ask how

to elicit the information we need. Three aspects of this ques-

tion should be considered by researchers. First, what is the

character of the decision to be made (or question to be answered)?
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The answer involves both the kind of errors (Type I and II) one

is willing to live with and whether the decision is irrevocable.

The second question is, What is the "unit" about which the

decision is to be made? An answer to this question (individuals,

groups, classes, school, materials, etc.) should dictate many

methodological decisions in any research study.

The third question is, What measurement procedures and deci-

sion rules are to be used in the study? Answers to this question

involve specifying the source, the scaling procedure, the reli-

ability, and the validity of the measurement process. For

example, in any educational setting there are potentially four

types of information from which data can be collected. These

are classroom observations, performance tests, work samples, and

paper-and-pencil tests. Figure 14 shows how these are related.

The distinction between overt process and visible product refers

to whether the assessment takes into account how a task is

accomplished or simply infers processes by examining a product.

For processes actual observation is needed (Romberg, 1976b).

The decision rules to be followed are often decided with

regard to what statistical tests will be used, assuming that the

power of the statistical testing procedures has been decided upon.

Although student outcomes are indisputably the ultimate de-

pendent variables in research on teacher behaviors, researchers
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still must question what outcomes are to be examined, how data

is to be gathered, and how the data is to be interpreted.

Pupil Actions

The underlying principle of our model is that a pupil's

activities are central to learning. Learning takes place in

time. Students learn mathematics to the extent that they have

the opportunity to learn and that they spend time actively learn-

ing: paying attention, studying, trying.

Teacher behaviors are directly related to the engaged learn-

ing time of students. Pupil engaged time, in our model, is the

immediate dependent variable for teacher behavior. The basic

proposition is: What teachers do directly influences the time

a child is actively engaged in learning. This relationship is

so simple and so obvious that it sounds naive, but somehow it

has escaped extensive study.

"Student learning time" as an interim variable between

teacher behaviors and pupil achievement has been considered be-

fore.
4

However, student time has been used only as an indepen-

dent variable to predict certain student performance variables

For an overview of studies using "time" as a variable see
Karweit (1976).

el
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such as achievement test scores.
5

The practical importance of

shifting engaged time from its role as one of many predictor

variables to being the primary dependent variable for classroom

studies cannot be underestimated. Three examples of how student

learning time may be operationally determined are in the

Beginning Teacher Evaluation Study (RTES) (Fisher et al., 1978),

the IGE Evaluation Study (Webb & Romberg, 1979), and Coordinated

Study #1 (Small, Romberg, & Carnahan, 1979). Descriptions of

these studies follow.

The Beginning Teacher Evaluation Study. The RTES staff de-

fined the pupil variable6 of their Academic Learning Time Model

as follows: First, as an index of student classroom learning

the teacher's allocated time for reading and mathematics instruc-

tion was used. Next, they estimated the number of minutes of

the allocated time students were actually engaged in learning

(as opposed to time spent waiting, in transition between tasks,

or off-task). This time scale was further refined by adjusting

engaged time for student success rate and task relevance, and

then labeled "academic learning time" (ALT).

5This relationship of engaged time to achievement was studied
in BTES (See Fisher et al., 1978). Also see Borg (1979) for an
analysis of that relationship).

6
Each of the variables are operationally defined in terms

of coded observed behaviors. Thus, the labels refer to codes
rather than logical categories.
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Success rate, intended to reflect how well the student under-

stands the learning task, is a complex concept that warrants

elaboration. If the task is very difficult and the student pro-

duces few correct responses, the activity will not produce much

learning. On the other hand, the hypothesis suggests that if

the student produces many correct responses on the task, more

learning is occurring.

Success rate was assessed in HTES in three fairly broad

categories. High success rate described situations where the

student had both a good grasp of the task and made errors at

about the chance level ("careless" errors). If a student did

not understand the task and made correct responses at about

chance level, the situation was labeled low success rate. Medium

success rate is where the student has partial knowledge, and

understands enough to produce some correct responses, but also

commits errors. Only engaged time spent on high success rate

tasks was included in the final measure. Task relevance was

also considered in academic' learning time to improve the predic-

tion of achievement. Only those tasks which were measured by

the achievement tests were considered.

Thus, academic learning time is time spent by a student en-

gaged on a task in which few errors are produced, and where the

task is directly relevant to an academic outcome. To complement

r
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ALT a second pupil activity variable also was identified by the

BTES staff: relevant, engaged time spent on tasks with a low

success rate.

The primary procedure for gathering data on ALT was direct

observation. A sample of students in each classroom was selected

and both their actions and the related teacher actions were coded.

Observations were gathered on several occasions during a year of

instruction. Data on allocated time were taken from teacher

logs. Data were collected in regular elementary school class-

rooms at both grade two and grade five.

The major findings relating to allocated time, engaged time,

engagement at high success rate, engagement at low success rate,

and academic learning time were:

1. The amount of time that teachers allocate to instruc-

tion in particular content areas is positively associated with

learning in that content area.

2. The proportion of time that students are engaged with

reading and mathematics materials is positively associated with

academic achievement.

3. The proportion of time in reading or mathematics tasks

that provided a high success rate for a student is positively

associated with student achievement.

4. The proportion of time in reading or mathematics tasks

that provided a low success rate for a student is negatively

associated with student achievement.
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5. Academic learning time is positively associated with

student achievement.

In sunmary the findings indicate that if allocated time,

envied time, and success rate in school activities are changed,

test scores reflecting student achievement will also change.

Moreover, strong evidence suggests that academic learning time

is an important predictor of student achievement.

The IGE Evaluation Project. Tile main purposes of Phase IV

of the project are to determine the effectiveness of three

curriculum programs in meeting their objectives, and to deter-

mine the relationship of pupil outcomes to instructional time

and means of instruction. The three programs tested are

Wisconsin Design for Reading Skill Development (MRS)) (Otto,

1967), Developing Mathematical Processes (DMP) (Romberg, 1977),

and the Pre-Reading Skills Progrmn. (PRS) (Venezky & Pittleman,

1977). Phase IV was restricted to investigating three groups

of variables--pupil outcomes, instructional time, and means of

instruction.

Student activities are summarized in terms of allocated,

available, engaged, and nonengaged time. Student engagement

is further classified as written, oral, or covert, And non-

engagement is classified as nonacademic or interim activity,

or simply off-task.
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Teacher logs provided an indication of the time allocated

for instruction for each content objective over the testing period.

Teachers also maintained a log on students observed under the

observation schedule. The observation system (Webb, 1978)

was a modification of the system used in RTES (Marliave, Fisher,

Filby, & Dishaw, 1977). Initially, six students were randomly

selected in each class. These target students were observed using

a time sampling procedure. All six target students were observed

in sequence and their activity coded. This sequence took approxi-

mately 3 minutes. Thirty seconds were then allowed to record the

teacher role and general activities in the classroom. The cycle

was repeated during the time allocated for work on the curriculum

program.

While a complete set of data for IGE (Phase IV) is not avail-

able at the time of writing the following findings are clear in

the data:

1. The amount of time that teachers allocate to instruc-

tion in mathematics appears positively associated with student

learning in mathematics. This trend is stronger for grade two

students than grade five students.

2. There is insufficient data to warrant any conclusion

about the relationship between engaged time and student learning.

3. With respect to engaged time, the optimum balance of

self-paced to other activity and individual/small group/ large



group instruction is a delicate one which is not clearly re-

solved by the IGE data.

It does appear however that providing very large amounts of

individual activity time (in this case over 80%) is not conducive

to high pupil engagement. Notwithstanding this, where moderate

amounts of individual activity is provided, a higher ratio of

engaged/nonengaged time is produced than with other paced

activities and large group instruction. These findings, though

based on a limited amount of data, seem consistent with the

findings of Good and Grouws (1977a) and the BTES study. Good

and Grouws advocated teacher directed work for a substantial

portion of each class period followed by independent practice

by students, and BTES showed that whole class or group activity

was more appropriate than independent work for grades two and

five mathematics.

When students are not engaged during other paced activity

or large group teaching, the greatest percentage of time is lost

in waiting, either waiting for the teacher or other students.

In self-paced or individual activity, interim time accounts for

the greatest percentage of nonengaged time. This includes

activities like sharpening pencils, turning in and passing out

papers, and getting materials. Pair and small group arrange-

ments produce very little nonengaged waiting and off-task be-

havior. However, the pair arrangement tends to create substan-

tial nonengaged interim time.
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4. With respect to the use of materials, children spend

the greatest amount of time involved in paper-and-pencil

activities. Manipulatives fall into the second highest category

but are used more in grade two than grade five. Games are

sparingly used and usage appears to depend on teacher preference

rather than grade level or school.

The most significant result is that manipulatives and games

do not produce high engaged/nonengaged ratios as might be ex-

pected in view of their high motivational value. In using

paper-and-pencil activities, students waste appreciable amounts

of time waiting for the teacher and other students. However,

considerable time is also lost in getting materials and waiting

for the teacher or other students when manipulatives and games

are used. Hence the need for careful classroom management in

using materials is an important consideration for the teacher.

Coordinated Mathematics Study #1. The intent of this

study is to examine how first grade children acquire the skills

needed to symbolically represent a variety of addition and

subtraction problem situations, and how they solve these problems.

In the part of this study of major interest to this paper,

the experimenters attempted to determine how content influences

teacher behaviors during instruction, and in turn how these

behaviors affect pupil outcomes. In particular, the extent of

children's engagement in learning mathematics is examined. This



procedure is based on the Romberg model (see Chapter I) which

hypothesizes that "content segmentation and sequencing" and

"content structuring" influence teacher planning, which in turn

influences classroom organization, the allocation of instruc-

tional time, verbal interactions within the classroom, and

eventually, pupil engaged time.

To test this model, data was gathered on the various com-

ponents of the model in realistic settings. Those data were

used to see how well the model fit the reality of classroom

instruction as was observed in the field. To accomplish this,

trained observers were present in each of eight classrooms

while six initial addition and subtraction topics were being

taught. Thus six periods of observation of two or three weeks

in each class were spent recording information about classroom

events.

The procedures used to collect data on means of instruction

were similar to those used in Phase IV of the IGE Evaluation

Project. Within each class a random sample of six students was

identified and observed in a rotating sequence during each day

of mathematics instruction. At the end of each minute of in-

struction (the moment of observation), the coder recorded infor-

mation about the student and the teacher.

The coder observed whether the target student was present

or absent; if present, the size of the group in which the student
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was working (alone, in a small group, or in a large group);

whether the student was engaged or off-task; the topic of en-

gagement (content or directions); the verbal interaction of

the target student with others (whether speaking and to whom);

and whether the activity was structured or unstructured. The

coder also recorded teacher behavior in the following categories:

teacher interaction (speaking with pupils, and if so, to how many);

questions (if asked, whether high or low level); feedback (ex-

plaining content or directions, relating content to previous or

future learning, outlining objectives or purpose, or summarizing

content) and strategy change (reacting to pupil responses by an

unplanned change of strategy). At the conclusion of the lesson,

general information about the use of materials, teacher and

pupil mobility, time allocation and variety of activities was

also recorded. Measures were obtained for each class on number

of days assigned to each topic, time the teacher intended to

make available for the topic on each day, and the actual time

devoted for a topic on each day. These measures were in addi-

tion to the measures of engaged time obtained from target ob-

servations, which were aggregated to estimate mean class times

on the variables. Full details of the coding categories used

in Coordinated Study #1 are described in Small, Romberg, and

Carnahan, 1979.
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In summary, the coding scheme was developed in an attempt

to capture the content, teacher behaviors, and pupil actions in

the model of mathematics instruction (Romberg, 1978a) described

earlier. Data were gathered based on observations made during

the time-sampling sequences. For Coordinated Mathematics Study #1,

data were collected during the period January through December,

1979, in eight grade one classes. While the complete data for

this study are not yet available, the initial tabulations show:

1. Great variability exists between classes in the amount

of time teachers assign and actually devote to mathematics

topics. This variation seems to be more related to teacher

characteristics than the characteristics of the mathematical

content, since teachers tend to be consistently high or low (com-

pared to each other) in the amount of time allotted to mathematical

topics.

2. The variability in engaged time spent on mathematical

content reflects a similar picture to that described for allocated

time, although compensating for engaged time spent on directions

reduces this variation.

3. Large group and individual student activity predominate

in the classes, indicating that teachers feel more comfortable

with these modes than small group activity. Classes with low

engagement levels tend to show excessive amounts of either large

group or individual activity, although no clear pattern emerges

for classes with high engagement levels.



4. There is no tendency for teachers or students to vary

interaction patterns across the three topics. Teachers spend

a high percentage of their time in interactions but students

spend at least 60% of their time not interacting with anyone.

Students could attain higher levels of interaction by inter-

acting more frequently with other students. The fact that

teachers spend a very small percentage of their time listening

may have important consequences for monitoring and evaluation.

S. Negligible amounts of time are spent by teachers on

summarizing and outlining objectives, and very small amounts

of time are spent relating present content to past or future

content. This finding is unexpected in view of the stress placed

on these actions in the literature.

6. When teaching questions are asked, low-level questions

predominate; in fact, high-level questions are almost completely

absent. While it is difficult to determine an appropriate level

of questioning in classroom instruction, the overall figure of

20% revealed in this data appears to be low.

7. As the classes continue through the sequence of topics

the following trends in instructional practices are apparent;

a. the percentage of time spent in individual

and small group activity increases while the per-

centage of time spent in large group activity

decreases;
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b. the percentage of time the teacher devotes

to both explanation of content and directions

decreases; and

c. the percentage of time the teacher devotes

to all levels of questioning increases.

All these changes are accompanied by an increase in engaged

time (for the aggregate of eight classes). This effect is con-

sistent with the relationships postulated in the Romberg model.

A possible interpretation is that teachers adopt more flexible

strategies as they gain confidence with the material. An alterna-

tive but not inconsistent explanation is that the characteristics

of the material and mathematical content in the three topics

require different instructional strategies. Either alternative

or a combination of both would be consistent with the Romberg

model.

Summary and Conclusions

These three studies demonstrate that measuring the time

students are engaged in learning captures an important aspect of

pupil classroom behavior. Clearly, however, "engaged time" by

itself is not meaningful; the nature of that engaged time--on

relevant tasks, on appropriate levels of difficulty, and the

like --must also be determined. In particular three aspects of



191

engaged time which need to be considered are content coverage,

the episodic nature of instruction, and interactive engagement.

Content coverage was included in all three studies. The

ETES staff considered content relevance, and both the IGE Evalua-

tion Project and Coordinated Study #1 controlled content cover-

age through the use of DMP in the classes. Neither approach is

completely adequate. The distinctions between the intended and

actual coverage, whether the activities are pertinent both to

the content and to the learner, and what is tested are not clear.

We must ascertain, for instance, whether students are engaged in

activities that are reasonable and intentional. We are not yet

able to make this kind of judgement.

Lessons and units have an episodic structure. Like a story,

a unit must have a start, a development, a climax, and a summary.

The type of activity and the character of the pupil's engagement

should be appropriate to the development of the unit. We are

still unable to capture this feature of engagement.

Finally, to be engaged means to be interacting with ideas.

The typology of those interactions is not well developed. Al-

though teacher-pupil interactions have been examined, peer inter-

actions and their dynamics are missing in our analysis.

In conclusion, the problems surrounding both the variety

of pupil outcomes and the notion of engaged time as an indicator
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of pupil activity should be apparent. Researchers must be aware

of these problems and select outcomes and definitions of engage-

ment that illuminate the particular issues they intend to study.

5



VII

TEACHER AND PUPIL BACKGROUND

by

Marian S. Small

Teacher Background

We recognize that certain personal characteristics of indi-

vidual teachers affect instructional behavior both directly and

through the choice of the content and techniques used to motivate

and plan. In our model of instruction, we have included a label

for teacher characteristics, although we are not using measures

of these to predict instructional variability or pupil outcomes

at this time. In part this is a recognition of the fact that to

a large extent, the "average" teacher produces similar results

whether in Buffalo or Honolulu, whether male or female, whether

cheerful or stern. Except with measures of pupil outcomes, we

do not have tools to describe what makes teachers exceptionally

good or poor. For the most part, teachers engage in similar

teaching strategies for a given age level of students and given

subject matter area. We wish to study these strategies rather

than what causes them. However, a number of variables reflecting
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teacher characteristics, ranging from measures of intellectual

ability and job satisfaction to measures of humanistic attitude

and flamboyance, should be mentioned briefly.

Ryans (1963) summarized research on factors contributing to

instructor behavior from studies reported between 1958 and 1963.

He distinguished six categories of internal inputs to teacher in-

formation processing, four categories of external inputs, and

four categories of teacher information processing, all contributing

to teacher classroom and planning behavior. Among the teacher

characteristics listed axe: physiological measures; general

human capability; academic ability; a variety of typical behavior

styles such as enthusiasm, organization, warmth, dominance, and

flexibility; a variety of typical affective sets such as academic

orientation, professionalism, emotional adjustment, confidence,

and permissiveness; and knowledge of content and techniques,. In

listing external inputs to teacher information processing, Ryans

acknowledged the influence of student and school characteristics

on the manifestation of teacher behaviors. The four types of in-

formation processing variables listed relate to problem-solving

abilities, classes of logical operations, teacher feedback effects,

and actual processing via filtering, decision making, channeling,

and so on.

In an earlier work based on a 6-year study of teachers, Ryans

(1960) reported on differences among teachers in observable behaviors.
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Three major clusters of observable behaviors were identified. The

first was a measure X along a dimension with one extreme being

understanding and friendly and the other aloof, egocentric, and

restricted. The second was a measure Y along a dimension with one

extreme being responsible, businesslike, and systematic and the

other evading, unplanned, and slipshod. The third was a measure Z

along a dimension with one extreme being stimulating, imaginative,

and enthusiastic and the other dull and routine. These factors

were culled from a greater number of ratings including measures of

such characteristics as levels of poise, optimism, and flexibility.

All three factors, but particularly Y, appeared to be fairly stable

over a 14-day period and the factors were substantially intercorrelated,

particularly at the elementary level.

Ryans reported three major factors relating to teacher view-

points toward the school. The first measured stress on an academic-

centered program and included data on the teacher's perception of

the desirability of homework and level of standards. The second

measured the rigidity of the program, including the teacher's free-

dom to modify courses. The third measured the extent of teacher-

directed learning and the traditional nature of the subject matter

areas covered. Later these were combined into a single dimension,

which might be termed level of permissiveness.
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Other data used to analyze differences between teachers in-

cluded age, sex, recency of college training, marital status, grade

level of pupils, activities during childhood, level of experience,

and size of school.

Brophy and Good (1970) classified teachers into three types- -

the proactive, the reactive, and the overreactive. The proactive

teacher establishes and maintains the initiative in structuring

classroom interactions, using his or her 2xpectations as a tool.

The reactive teacher adjusts his or her behaviors according to

actual pupil behaviors, and the overreactive teacher streses dif-

ferential pupil expectations. Although the difference in use of ex-

pectations about pupils is an actual behavior rather than an under-

lying teacher characteristic, the propensity of an individual toward

one type of behavior is probably rooted in the teacher's attitudes

about the potential for student change (distinguishing the overreac-

tive teacher from the others) and the teacher's ability to be spon-

taneous and flexible (distinguishing the reactive teacher from the

others).

In an evaluation of the extent of implementation and result-

ing pupil and teacher outcomes in schools which adopted the IGE

model of schooling, Romberg (1978a) proposed a model which in-

cluded several teacher characteristics as contributing to a pre-

diction of pupil outcomes. Included arc data im !:tAff bAf.kirdirld,

such as extent of professional preparation and commitment, as
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well as teacher assumptions about learning, knowledge, and school-

ing and their consonance with basic IGE assumptions. These two

variables might be expected to underlie differing classroom

behavior. Also measured is the teacher's level of job satisfac-

tion. Ekstrom (1976) reported that teachers with low aspirations

were more likely to have pupils working independently of them.

Leiter (1974) observed teachers of young children and compared

warm, motherly types with those strongly oriented academically.

Leiter believes that these two types of teachers will explain per-

formance differently and thus interact differently with their

pupils. For example, the motherly type might need to be more indis-

pensable to the pupils and might discourage peer interaction and

pupil independence.

Ebmeier and Good (in press) sought to identify teacher types

so they could examine the interaction of student types with

teacher types in producing effective pupil learning in elementary

school mathematics. They developed an inventory with seven sub-

scales: need for personal control, need for contextual stability,

expression of belief in individualizing instruction for children,

expression of belief in using abstract and unfamiliar teaching

materials, degree of security in teaching math, teaching exper-

ience, and level of education in mathematics. From these,

cluster analysis was used to distinguish four teacher types:

the less experienced/less educated, the experienced/unsure, the

educated/secun-, and those believing in individualization of
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' nstruction. These types did interact with pupil types differently

in affecting pupil achievement in mathematics.

Clearly, many teacher characteristics have been identified

as possible influences on teacher behavior and more could be named.

At this point, we believe our major task is to observe the manifes-

tations of teacher characteristics in teacher behaviors to pre-

dict instructional variability and pupil outcomes. At some later

time, we might choose some of the other descriptors we have listed

to make our model more complete. Although intelligence, informa-

tion processing capacity, and so on may be relevant, we wish to

begin with measures having a more direct effect on instruction,

such as those examined by the IGE evaluation staff (Romberg, 1978a).

Their variables included teacher beliefs, in particular, the

teacher's attitude to the discipline being taught and more general

beliefs about knowledge, learning, and schooling.

Pupil Background

In our model of instruction we consider the role of pupil

characteristics in affecting teacher behaviors, pupil pursuits,

and pupil outcomes. The pupil outcome we attempt to predict is

pupil engagement rather than achievement. Engagement is positively

correlated with achievement (Fisher et al., 1978), but measures

of engagement are not likely to be affected by pupil ability

1. t



level to nearly the same extent as arc measures of achievement. Thus

there are, in some sense, more accurate measures of the teacher's

direct effect on learning. Of course, pupil characteristics play

a part in predicting teacher actions and pupil engagement. Al-

though we do not attempt at ti s time to explain how pupil

characteristics affect other components in our model, we briefly

extnine pupil characteristics other researchers have postulated

to be relevant to teacher behaviors and pupil outcomes. We

examine separately biological and environmental factors, aptitude

and achievement factors, developmental factors, learning styles,

and factors related to personality. More detail about these

factors will be described in a future theoretical paper.

Several of the important studies done in process-product

research in the classroom have reported levels of socioeconomic

status (SES) when describing their subjects. A few studies went

beyond this. Brophy and Evertson (1974) analyzed data from their

study of instruction in grades two and three separately for high

SES and low SES classes and found many teacher patterns of behavior

effective in one setting and not the other. For example, they

(1977) reported that low SES pupils needed to learn material in

smaller chunks with more repetition and practice, while high SES

pupils performed better when challenged. They found that teacher

questions should be easier for low SES pupils than for high SES

pupils. Teacher praise was important for low SES pupils, but

not for high SES pupils. Immediate feedback was best for low SES



pupils, but delayed feedback for high SES pupils. They also dis-

covered that the number of incorrect pupil responses was positively

associated with achievement gains for high SES students, but was

negatively associated with gains for low SES students.

Good, Ebmeier, and Beckerman (1978) also analyzed data

separately for high and low SES classes. They learned that praise

was negatively related to achievement in high SES classes, but

positively related in low SES classes and that a relaxed climate

was more important for low SES classes. They also found differences

in the effectiveness of teacher-initiation of contacts and of con-

tinued teacher probing in the event of an incorrect response. The

latter result was in direct conflict with the Brophy and Evertson

data. The authors believed that SES did not appear to be as im-

portant a variable in their study as in the Brophy and Evertson

study because they concentrated exclusively on mathematics and

fourth graders, rather than on younger children. In any case,

Good et al. suggested that SES should be considered in determining

which patterns of teacher behavior are likely to be effective.

Good, Sikes, and Brophy (1973) reported a study on the

effects of teacher and student sex on classroom interaction.

The data were c-Alected at the seventh- and eighth-grade levels

in 16 mathematics and social studies classes over a 2-week period.
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Student sex was a significant variable for 20 out of 62 dependent

measures of classroom interaction. In summary, boys initiated

more comments and questions, were asked more process questions,

and were involved in more total contacts with the teacher, both

positive and negative, both private and public, than girls.

Achievement interacted with sex to produce further differential

effects. The high achieving boys seemed to get the most positive

interaction in the classroom and the low achieving boys the most

negative. We are concerned primarily with the elementary school

level, but sex differences found at upper grade levels would show

up with younger children as well. We would expect differences in

interaction patterns, teacher choice of activities, and organiza-

tion of students. Indirectly pupil sex may influence pupil per-

sonality characteristics which would, in turn, affect pupil be-

haviors. Fennema and Sherman (1977) are examining the influence

of sex on achievement and other relevant mediating variables in

mathematics.

An important set of pupil measures to consider in our model

relate to achievement and ability levels. We can reasonably ex-

pect that prior achievement and aptitude scores would be predictive

of pupil and teacher actions. As was mentioned earlier, Good et at.

(1973) considered achievement differences based on teacher ranking

84



202

in addition to sex differences in studying classroom interaction

patterns, and found that differences due to achievement were sig-

nificant. High achieving students received more positive teacher

feedback, initiated more teacher contacts, received more ques-

tions, and were more actively involved in the classroom communi-

cations network than low achieving students.

Anderson and Scott (1978) studied the effects of various

classroom organizations on student time spent on task for

differing levels of scholastic aptitude and academic self-

concept. Although they studied students in grades nine through

twelve, again, we suspect the data are relevant to elementary

grades. A total of 100 students were observed in humanities and

social science classes. Students with low aptitude as measured

by the verbal subtest of the Lorge-Thorndike Intelligence Test

and low academic self-concepts as measured by the Scott Academic

Self-Concept Scale were most affected by organizational environ-

ment. Although all students observed were off-task more in a

small group setting than in whole class discourse or seatwork,

the increasing off-task behavior was particularly evident for the

low aptitude and low self-concept students. Their average task

involvement was 63% during classroom discourse and 50% during

seatwork, but only 9% during small group work. Average time-on-
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task percentages for high aptitude, high self-concept students

fell from 61% during classroom discourse and 56% during seatwork

to 29% during stoatl group work. Changes in percentages of off-

task behavior were more modest for low aptitude, high self-

concept and for high aptitude, low self-concept students when

classroom organization varied. High aptitude students were on

task most when audiovisual materials were being used in a whole

class setting. This was not the case for low aptitude students.

In his model of school learning, Carroll (1963) suggests

that pupil aptitude for the specific instructional task at hand

and ability to understand instructions are predictive of the time

needed in learning. Our model suggests that information about

such aptitudes and abilities could be used by the teacher when

allocating instructional time. Aptitude for the task may depend

not only on prior learning, but also on personal characteristics.

These were not further elaborated by Carroll in his original

paper. He did explain that the ability to understand instruc-

tions is a combination of general intelligence and verbal

ability and is an ability particularly important when the

learner is left to his or her own devices to proceed on a task.

This ability, to understand instructions, I think, is related

to what Doyle (1978) refers to as an awareness of the cues of

86
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the classroom; the ability to distinguish between significant

and irrelevant information. Doyle extends this concept and

suggests that pupils who vary in their ability to use cues

vary in their ability to accurately monitor and interpret teacher

behavior. As an example of using cues, he points out that not

all potentially correct answers are acceptable to a particular

teacher at a certain time and that the student must learn to

identify situational indicators.

In summary, we find many sources suggesting that pupil apti-

tudes and abilities should be taken into account when analyzing

instruction. Prior achievement and more general ability affect

engagement levels in various organizational settings, affect

interaction patterns, and affect ability to proceed without help.

We know that teachers often use information about achievement

to plan activities and groupings. Therefore, some account of

these pupil characteristics is essential for a thorough model of

instruction.

The work of Piaget (Copeland, 1976) and his followers has

centered on the relevance of the child's developmental stage to

the ability to understand certain ideas. A summary of research

relevant to mathematics education in the area of cognitive

development can be found in Carpenter's (in press) chapter in a

new publication by the National Council of Teachers of Mathema-

tics. We are interested in how pupil developmental level in-

fluences teacher planning of instruction.
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Case (1975) suggested that instruction must be geared to

the child's information coordinating capacity and to the extent

of his or her field dependence. These measures are presumed to vary

with stage of development. He established principles for planning

instruction, recommending that the teacher design step-by-step

strategies dealing not only with the particular concept to be

taught, but any incorrect strategies children use during instruc-

tion on that concept (Case, 1978). The teacher's awareness of

pupils' developmental levels goes beyond merely choosing content

appropriate for a particular child. It involves analyzing each

child's probable behavior and developing an instructional plan for

each child. We believe that varying developmental levels of

children must be considered when building a complete model of

pedagogy.

Differences in the cognitive style of learners also have an

important bearing on the effectiveness of different learning en-

vironments. Psychologists and educators use the term cognitive

style to describe how people acquire and process information.

Nelson (1973) reported on two systems of categorizing cognitive

style. She cited one group who described eight, not necessarily

disjoint, types of learners. The incremental learner learns best

when taught in mall, steady chunks. The intuitive learner makes

guesses based on cues and is less systematic than his or her in-
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cremental peer. The sensory specialist learns mainly from one

sense, where the sensory generalist uses all senses. The emo-

tionally involved learner thrives in a warm, emotive climate,

while the emotionally neutral learner prefers a more business-

like environment. The explicitly structured learner prefers a

more rigid environment than the open-ended structure learner.

This type of information about personal style would allow the

teacher to plan the right sort of organizational and interactive

environment for each student.

The more traditional route to describing cognitive styles

differentiates among students who level as opposed to sharpen,

who are reflective as opposed to impulsive, who are field depen-

dent as opposed to field independent, who focus as opposed to

scan, and who excercise constricted control as opposed to flexible

control. Standard tests are available to measure these traits.

Leveling involves blurring memory differences to assist assimila-

tion as opposed to maintaining sharp distinctions between items

learned. Teachers could provide different structuring comments

for these learners. Reflective pupils need time to mull over

questions or comments before acting. Teachers could provide

additional time for these pupils. Field dependent children are

apt to assume the context is relevant when learning new material.
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In mathematics, where the abstraction must apply to many contexts,

this can be minimized by providing multiple physical embodiments

of concepts. Thus, learning style of pupils is relevant to our

model.

Various social, cultural, and personality characteristics

of pupils should be considered when predicting teacher decision

making and pupil pursuits. Among those examined by other re-

searchers have been Pupil anxiety, dogmatism, introversion,

dependence and passivity, conformity, perseverance in learning,

preference for information sources or structure, academic self-

concept, and general level of socioemotional development. Several

of these characteristics a*:e discussed in the following paragraphs.

Rich and Bush (1978) studied the effect of congruence of

teacher and student characteristics in grades four, five, and six,

over a 20-day instructional period. A total of 20 teachers and

94 students were involved. Teachers were categorized as direct

or indirect based on a Flanders analysis of their verbal behavior.

Student social-emotional development (SED) ratings were based on

four sources of data: a teacher ranking of the pupil as to level

of independence, leadership, participation, and creativity; a

peer sociogram; and two student self-reports. As one of the

dependent measures, Rich and Bush observed pupil time on task.
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They found that high SED students were more attentive to their

tasks with indirect teachers whereas low SED students were more

attentive with direct teachers. Achievement differences were also

significant.

Peterson (1977) explored the effects of student anxiety

and teacher behavior on achievement at the grade nine level.

Four treatments varied in the amount of teacher structuring:

stating or eliciting objectives, providing a review of previous

work, signaling transitions, etc. (high or low), and the level

of pupil participation (high or low). She learned that the

effects of anxiety interact with those of ability. High-anxious

students of high ability and lowanxious students of low ability

performed worst in a low structuring, low participation situation.

High-anxious students of low ability and low anxious students of

high ability performed best in that condition. Therefore, both

interactive and organizational environments should be planned with

student anxiety measures in mind.

Although Helton and Oakland (1977) studied elementary school

teachers' attitudinal responses to pupil characteristics, their work

is relevant to our model. Since teacher attitudes to pupils

differ, their patterns of behavior toward those students will

differ (Brophy & Good, 1970). Helton and Oakland found that

teachers react positively toward rigid-conforming-orderly and

9 I_
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passive-dependent-acquiescent pupils. They feel negatively toward

more flexible-nonconforming-untidy and active-independent-assertive

children. Thus, we would expect different amounts of contact

and feedback to be provided to these two different types of pupils.

Elomeier and Good (in press) also classified students as dependent

or independent. They found that dependent pupils perform best

with experienced but insecure teachers, and that independent

pupils can operate efficiently in a wide range of situations.

Carroll (1963) stresses the importance of pupil perserver-

ance in learning. This helps predict the amount of time a student

is willing to spend to accomplish a task, and, therefore, the

degree of his or her learning. He suggests that perseverance is a

function of motivation or other emotional variables, but is often

affected by quality of instruction. We know that some students

"give up" more easily than others, but this is more prevalent in

some classrooms than others. Teachers should consider pupil per -

Severance in planning motivational strategies.

Good and Power (1976) observed many classrooms and differen-

tiated between four types of students: the successful, the social,

the dependent, and the alienated student. They acknowledge that

other categories of pupils are possible, but these four are found

consistently among pupils of several different countries.



The four types of students have different needs. Success-

ful students enjoy long and challenging assignments; social

students need more opportunity for public performance and would

not enjoy working alone on a long assignment. Dependent and

alienated pupils require large amounts of teacher contact. They

spend a great deal of tiLe waiting for teacher help or approval.

To optimize outcomes, Good and Power predict social students

should be involved in small group work with no teacher interaction

40% of the time; they should be involved individually with the

teacher only 2% of the time. At the other extreme, dependent

children should be involved in unsupervised small group work only

5% of the time, and 25% of the time should be spent individually

with the teacher. These figures have no empirical support, but

are only guesses. Although more work is necessary to elaborate

this model, Good and Power have an interesting idea.

As we indicated earlier, we have not specified the measures

of teacher and pupil characteristics we believe to be most im-

portant in predicting teacher behaviors and pupil outcomes,

although we have made suggestions. We are concentrating now on

using information about content to predict classroom events and

average outcomes. After we have obtained general data, we wish to

specify the effects of different types of pupils on different

types of teachers. The next theoretical paper will concentrate



211

on how teachers can use information about pupil characteristics

to advantage in designing instruction.

9.4



VIII

SUMMARY

by

Thomas A. Romberg, Marian Small,

and Richard Carnahan

In this chapter we present a revised model of pedagogy

based upon our literature review. We will define elements of

the model and discuss their relationships. We end by reflecting

on the modeling process, on our conclusions, and on ideas that

remain to be developed.

A Revised Model' of Pedagogy

Our original model (Figure 8 in Chapter I) had 14 variables

organized under three general headings: content, means of in-

struction, and outcomes. In our revised model we propose four

categories: the three original categories and a background

category. The means of instruction category originally had four

subcategories: motivation, planning, direct instruction, and

pupil pursuits. In the new model three subdivisions are made:

planning, classroom events, and pupil pursuits. Motivation was

dropped not because we found it unimportant but because motiva-
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tional elements are involved both in planning and in classroom

events. The term classroom events was chosen as a replacement

for direct instruction primarily because direct instruction has

come to indicate a particular style of instruction (cf. Rosenshine,

1978) rather than a subcategory of pedagogic behaviors. Thus,

direct instruction is now a label for a particular pattern of

classroom events.

Next, from our review we have identified 19 variables (in-

stead of 14) and we distinguish between two types of variables'

specific and general. Specific variables are well described,

refer to actions, and can be scaled. General variables are

not well defined. In specific studies, the aspects of a general

variable of interest would need to be described before scaling

could proceed for each. The relationships between these general

variables and other variables are tenuous, and indeed may vary

from study to study.

The Background Elements

Two general variables have been identified for inclusion

in this new but necessary category. The variables are

TB = Teacher Background. This general variable refers

to characteristics the teacher brings to the in-
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structional scene. Both personal characteristics

and those acquired through training may be in-

cluded.

PB = Pupil Background. In a similar manner this general

variable refers to characteristics the pupil brings

to the instructional scene. It too includes both

personal characteristics and skills previously ac-

quired.

The Content Elements

Three specific elements have been identified in this category.

In the original model two content elements, content unit structure

(CUS) and content segmentation and sequencing, were specified. We

have divided the original content unit structure element into two

elements, one to reflect the "goals" and one the "richness" of a

particular content unit. From the review of content-related

questions (Chapter II) we have decided that the three-part content

unit structure element contains.eight subelements: concreteness,

diversity of approach, applications, explorability, importance

and clarity of objectives, algorithmic nature of teaching, en-

couragement of pupil discussion, and intended outcomes. Thus,

the components of the content category are as follows:

CG = Content Goals. This element is derived by consider-

ing:
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a. Importance and Clarity of Objectives

Content is categorized by activity according to

whether it is judged by the teacher to be of

little importance, moderate importance,

or great importance to pupils. The materials

are examined and the teacher questioned to see

if the activity clearly meets its objectives.

b. Algorithmic Nature of Teaching

Content is judged by activity according to

whether the teacher is expected to teach it in

an algorithmic, routinized manner and vhether

this is actually done.

c. Intended Outcome

Content is categorized by activity as to its in-

tended outcome, be it maintenance of previously

learned material, acquisition of new material,

or preparation for later work. The point of

view of the curriculum designer and the point

of view of the teacher are taken into account.

CR= Content Richness. This element is derived by consider-

ing:

a. Concreteness

Content is categorized by activity, both in

terms of opportunities to use manipulatives or



play games in learning it, and the actual

use of these items in instruction.

b. Diversity of Approach

Content is categorized based on topic objec-

tives in terms of whether more than one basic

approach is made available for instruction,

and whether more than one basic approach is

actually used by the teacher. The extent of

repetition of each approach is also measured.

On a broader basis, a program is analyzed to

determine whether it attempts to structure

its topics by using unifying cognitive themes.

c. Applications

Content is categorized by topic and activity

according to whether a variety of applications

within the scope of the students' abilities

exists, and whether the pupils actually meet

this variety. The applications themselves are

examined as to whether they are primarily

artificial ones or realistic, whether they are

set into games, and whether they are designed

primarily to practice or are placed in units

designed to teach other content.
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d. Explorability

Content is categorized by topic according

to whether a number of student investigations

of the material are feasible and whether such

investigations are actually assigned. A

distinction is made between highly structured

explorations and more open investigations.

e. Encouragement of Pupil Discussion

Content is judged by activity to determine

whether pupils are encouraged to discuss con-

tent with one another or with the teacher.

This type of discussion is in contrast to

simple responses to direct teacher questions.

CSS = Content Segmentation and Sequencing. This element is

derived by considering:

a. Hierarchical Nature

Content is categorized by topic according to

whether it has a critical set of curriculum

prerequisites essential for its comprehension,

and whether this is taken into account in in

by the materials and by the teacher.

Also judged is whether the activities included

in a topic build in a systematic way and whether
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the teacher makes reference to relevant prior

work in instruction.

b. Content Segmentation

Content is categorized by activity according

to whether the activity is written cohesively,

with an introduction, development, and conclu-

sion, and whether it is taught that way.

c. Flexibility of Sequencing

Activities within topics and topics within

programs are examined to see if alternative

sequencing suggestions are provided to the

teacher.

From the descriptions of these variables it should be clear

that each includes both the features implied in the curriculum

materials (what could be reasonably expected or anticipated),

and what is actually done in the school. Thus, to scale these

variables three sources of information must be used --data

gathered through an investigation of the curriculum materials,

data from interviews with teachers, and data from classroom ob-

servations.

The Planning Elements

The planning subcategory of the original model contained

elements, information (a source for planning), and informed
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decision making. From our review of literature it became apparent

that these elements were unsatisfactory. We now propose six vari-

ables: three deal with the information, expectations, and percep-

tions teachers have about instruction and how these ideas are

used in planning; three deal with the details of the planning pro-

cess and its product as perceived by the teacher. The variables

are:

IP = Information about Pupils. This element is derived

from the student background information which is

available to the teacher and includes:

a. a record of prior achie/ement:

b. a judgment of the pupils' persistence or

willingness to attend to a task: and

c. a judgment of the pupils' independence.

IC = Information about Content. This element is derived

from the information available to the teacher about

the content area being taught and includes:

a. specific information about the content goals

of the unit;

b. knowledge of how the unit goals are related

to other goals and their importance in that

reLitionship: and
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c. an understanding of the role of review and

preparatory activities in content sequences.

PE = Perceived Ease of Instruction. This element is de-

rived from information about the teacher's percep-

tion of the ease of instruction for particular

activities and includes:

a. perception of ease of student management for

particular activities;

b. perception of ease of preparation for each

activity: and

c. perception of time needed by students to com-

plete activities.

PP = Pupil Planning. This element refers to the specific

instructional planning the teacher does which con-

centrates on students in the class.

PC = Planning Content. This element refers to the in-

structional planning the teacher does which con-

centrates on the content to be taught.

PS = Planning Specificity. This element refers to how

specific or detailed the teacher plans are.

These six planning variables include availability of infor-

mation (such as from files of pupil records), prior knowledge of

both pupils and content, teacher expectations, and the actual

plans teachers make. Thus, to scale these variables information

1'
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must be collected from an examination of work samples (the unit

and lesson plans of teachers), from interviews of teachers, and

from the records available to teachers.

The Classroom Events Elements

This newly labeled subcategory of means of instruction also

contains six elements. The subcategory, called Direct Instruction,

had four elements: structuring comments, organizational environ-

ment, interactual environment, and allocated time. The notions

behind those variables have been retained, but reorganized into

three elements which were derived from the literature review.

The variables are:

MOT = Motivation. This element refers to the overall evi-

dence of student motivation observable in the class-

room. It includes strategies the teacher may use

based on both available information about students

and on information about content.

ROE = Richness of the Organizational Environment. This

element refers to:

a. the variety of learning activities in a given

lesson and over the course of a topics

b. the grouping (large, small, or an individual)

to which each student observed is assigned, and

teacher criteria for determining grouping,
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c. the extent and appropriateness of the use of

physical materials; and

d. the levels of student and teacher mobility.

IOE - Independence of the Organizational Environment. This

element refers to:

a. whether the student is engaged in a structured

activity;

b. whether an activity is taught algorithmically

where the teacher attempts to control the pupils'

thinking processes, and the appropriateness of

this procedure for a given objective,

c. the timing, amounts, and appropriateness of

teacher-directed and independent works and

d. the extent of teacher monitoring of independent

work.

IE m Interactive Environment. This is the key element in

describing classroom events. After lengthy discussions

we have chosen to leave IE as a single variable al-

though it contains five different aspects, each of

which could be considered an important variable in

its own right. The five aspects are verbal interac-

tions, structuring comments, soliciting, reacting, and

explaining.
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Verbal interactions include interactions of

students in terms of:

1. direction, that is who is speaking to whom;

and

2. the other participants--teacher, student, or

other adult.

For the teacher, we include verbal interactions in

terms of

1. direction, whether the teacher is speaking or

listening;

2. the size of the group (small, large, or an

individual) the teacher speaks to; and

3. whether the verbalization is a question.

For both teacher and pupils, we include whether the

interaction is regarding mathematics content, direc-

tions related to that content, or neither. We also

record whether interactions are public or private.

Structuring comments we believe are important in

predicting pupil behaviors are those:

1. relating work to past or future learning;

2. outlining objectives of an activity; and

3. summarizing or reviewing content.
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We believe their effects to be mediated by pupil per-

ception of these types of statements.

The third aspect contained in the IE element is

soliciting. Teachers vary in the amount of question-

ing they do and the types of questions they ask. We

have included three main types of teacher questions:

1. low-order questions;

2. high-order questions; and

3. management questions directly related to con-

tent.

The last type of question is included to maintain a

distinction between solicitations regarding substan-

tive matters and those regarding directions.

Reacting moves are teacher behaviors which occur

after a pupil response. From our review of litera-

ture we believe the following occurrences are impor-

tant:

1. the informativeness of feedback as either high

information or low information;

2. the absence of feedback when it is expected;

3. the sign, of feedback as either positive, nega-

tive, or neutral; and

4. teacher strategy changes.



1.4

226

Explaining, the fifth aspect of the 1E element,

includes explaining of content or directions, not

structuring, soliciting, or reacting. The teacher

talks and the students listen. Much classroom talk

falls in this category. We believe instances in

which the teacher:

1. explains content; or

2. explains directions are importnat.

We use the word explain here broadly to imply any

teacher exposition. Also, the clarity of explana-

tion must be considered.

AT = Actual Learning Time. This element refers to the time

allowed for learning or opportunity to learn. A teacher

may allocate time differently for various types of

pupils, classes, or content of different levels of

importance or complexity. Therefore, we suggest that

only actual learning time as a subset of available (or

allocated) time be used as a predictor of pupil

activities.

PI = Pacing of Instruction. This element refers to the

teacher's establishment of a pace for the class (and

groups) to cover materials. Thus, the actual time per

unit of instruction is used as an index of pace.
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From the descriptions of these six variables on classroom

events we expect to capture the salient features of what is in-

volved in the complex teacher-student-content interactions which

occur in classrooms. To scale all these variables, observational

data based on time samples appear to be an appropriate procedure.

Pupil Pursuits

One general variable has been identified for inclusion in

this category. The variable is

ET = Engaged Time. This variable refers to the amount

of time each pupil is actively engaged in learning

content material.

This has been left as a general variable since this des-

cription may be qualified in terms of task relevance, time needed,

and so on. In any particular study an operational definition

which fits the objectives of that study must be developed.

Outcomes

One general variable has also been identified for inclusion

in this category. The problem here is specifying which set of

outcomes one is interested in examining. For generality the

variable is

SO = Student Outcomes. This element refers to all the

possible student outcomes one could identify which are

influenced by schooling.
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Relationships Between Elements

For these 19 variables we are willing to posit 31 specific

relationships as follows.

1. PB -I. SO Prior pupil achievement (attitude and so on) in-

fluences later student outcomes (achievement,

outcomes, and so on).

2. PB IP Actual pupil background should influence the

information that is available about pupils.

3. TB -I- IC Teacher content preparation should influence

the teacher's understanding of the information

about content.

4. TB + PE The teacher's experience should influence per-

ceptions of management, preparation, and pacing.

5. TB + IE The teacher's experience should influence the

variety of teacher behaviors involved in inter-

acting with pupils.

6. CG4-*CSS (a) If a teacher sees a topic as particularly

important, then attention is given to develop-

ing an appropriate sequence.

(b) Knowing that a pupil has prerequisites or

needs prerequisites should affect the intended

outcome.



229

7. CSS 4- IP If records of mastery of prerequisites are

kept, then information on pupils is available.

8. CSS 4- PS Amount of segmentation and sequencing determines

the amount of specific planning needed.

9. CSS 4- IC The way content is sequenced provides informa-

tion about content.

10. CR4- IC The richness of content is certainly informa-

tion about content.

11. CR4- PE The richness of content should influence

(probably inversely) the perceived ease of in-

struction.

12. CG -> IC The objectives of a unit are certainly informa-

tion about content.

13. CG 4- PE The importance of a unit should influence the

teacher's perceptions of how much effort needs

to be expended for the unit.

14. IP -> MOT Teachers may use information about students as

a basis of a motivational strategy.

15. IP PP Student background information available to

the teacher should directly influence the in-

structional planning done by the teacher with

regard to those students.

16. IC -> PC The teacher's knowledge of content should, in

part, determine instructional planning which

deals with the content to be ta'ight.



230

17. PE 4- PP Management expectations should influence planning

for students.

18. PE 4. PI Perceived pace should influence actual pace of

instruction.

19. PP 4. MOT Planning done with students in mind should in-

fluence particular motivational procedures used

in the classroom.

20. PP + IOE Planning done with students in mind should

directly influence the level of student indepen-

dence which is operative in the classroom.

21. PS 4. IE Specificity of teacher planning (e.g., use of

specific examples, explanations, questions, and

so on) should influence the interactive environ-

ment of the classroom.

22. PC 4. MOT Planning done with content in mind should in-

fluence the choice of motivational procedures

used in classrooms.

23. PC 4. ROE Planning for content will influence the richness

of the organizational environment in terms of variety

of activities and procedures used.

24. MOT 3 /OE Motivational strategies used should directly in-

fluence the level of student independence in the

classroom.

1 '
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25. IOE IE If children work independently, they do not inter-

act very often. More feedback is given to

individuals than to groups.

26. IOE PT If teachers instruct large groups, the pace is

more homogeneous.

27. ROE IE In a rich environment we expect more structuring

comments, more pupil talk, more direction giving

as activities change or manipulatives are ex-

plained, and more content talk.

28. IE ET The quality of the teacher talk and the level of

peer interaction affect pupil ability to under-

stand tasks and be engaged. If teachers talk

too much, children cannot work.

29. AT -0- P Pacing is a subset of actual learning time.

30. P ET Engaged time is clearly influenced by pace of

instruction.

31. ET SO What pupils do should influence their outcomes.

A summary diagram of the 19 variables and their relationships

is shown in Figure 15.

Reflections

This revised model of pedagogy, we believe, provides researchers

a set of constructs which can be used as a starting point for the
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study of pedagogy. The revised model's strength lies in the in-

clusion of content variables, in the details of planning and

classroom events, and in the use of pupil engagement as an interim

variable between what is done in classrooms and pupil outcomes.

However, as we are completing this task we would like to make

three comments.

First, the model building activity as an intellectual task

has proven to be very challenging. It has forced us to rethink

several ideas about teaching and learning and has raised several

questions about our ability to represent teaching situations. We

tried to be comprehensive in selecting elements and to deal with

processes and relationships between elements. In doing so we

had to reflect on our assumptions and beliefs about teaching

Second, although we believe our model is an improvement over

prior conceptions of teaching, the difficulties we have in talking

about classroom teaching of mathematics are more clear to us now

than before we started. Some of our difficulties are definitional.

For example, at one level of discourse we can talk about motiva-

tion or engaged time. However, for a model each idea requires

much more detail and, in some cases, we have been unable to pro-

vide this detail. Some problems deal with relationships between

variables. One would assume that variability on one element (e.g.,

planning) should affect another element (teacher action). The

expression of such variability is not as clear as we thought

would be.
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Third, the assumption that variability exists must be

demonstrated by scaling each variable. Educational researchers

face many difficulties in trying to scale the variables of in-

terest in such a model.

Of course, what we have not yet accomplished has become

apparent. We have not captured in this still static description

of classrooms, the actual dynamic nature of schooling. It is

possible to use a static model and predict how it will change over

time (how the dynamics of schooling are likely to increase or

decrease the importance of various elements, include new elements,

or exclude others over time). This will be essential, if we are

going to deal with schooling as a social function and describe

the episodic nature of instruction.

Another problem is with the variable engaged time; its

importance is central to our model. Although we think engaged

time is a major improvement over other conceptions of pupil

actions, it is a very inadequate proxy for what students actually

do.

Next, our model fails to deal with two important variables

associated with schooling. The first is the capability of teachers

to organize and manage pupils and resources (including time and

the way individuals interact with each other) within the dynamic

situation of schools. Second, we have viewed schooling from the
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teacher's perspective instead of from the pupil's. We could

use their expectations as well as the teacher's expectations to

identify variables.

In conclusion, we believe the revised model of pedagogy

presented in this chapter will help scholars to study the teaching

of mathematics. However, it should be viewed as an initial first

step leading to the evolution of better, more comprehensive models.

'is



References

Allen, H. The teaching of trigonometry in the United States and

Canada: A consideration of elementary course content and

approach and of factors influencing change. Unpublished

doctoral dissertation, Rutgers University, 1977.

Amidon, E., & Giammatteo, M. The verbal behavior of superior

elementary teachers. In E. Amidon & J. Hough (Eds.), Inter-

a,:tion analysis: Theory, research and application. Reading,

Mass.: Addison-Wesley, 1967.

Anderson, L., & Scott, C. The relationship among teaching methods,

student characteristics, and student involvement in learning.

Journal of Teacher Education, 1978, 29, 52-57.

Anglin, L. The school organization and curriculum--Instruction

decision (Technical Report No 398). Madison: Wisconsin

Research and Development Center for Cognitive Learning, 1976.

Arlin, M., & Westbury, I. The leveling effect of teacher pacing

on science content mastery. Journal of Research in Science

Teaching, 1976, 13, 213-219.

Ausubel, D. Educational psychology. New York: Holt, Rinehart, &

Winston, 1968.

Averhart, C. Effects of individual goal-setting conferences on

goal setting behavior, reading achievement, attitude toward

237

111



238

reading, and self-esteem for second grade students (Working

Paper No. 71). Madison: Wisconsin Research and Development

Center for Cognitive Learning, 1971.

Barr, R. Instructional pace differences and their effect on

reading acquisition. Reading Research Quarterly, 1974, 9,

526-554.

Barr, R. How children are taught to read: Grouping and pacing.

School Review, 1975, 83, 479-498.

Bellack, A., Kleibard, H., Hyman, R., & Smith, F. The language of

the classroom. New York: Teachers College Press, 1966.

Berliner, D. Impediments to the study of teacher effectiveness.

Journal of Teacher Education, 1976, 27, 5-13.

Berliner, D., & Rosenshine, B. The acquisition of knowledge in

the classroom (Technical Report N-1). San Francisco: Far

West Laboratory for Educational Research and Development,

1976.

Berliner, D., & Ward, B. Proposal for phase III beginning teacher

evaluation study. San Francisco: Far West Laboratory for

Educational Research and Development, 1974.

Biggs, E. Teaching mathematics to younger children. Toronto:

MacMillan, 1974.

Biggs, E., & MacLean, J. Freedom to learn. Don Mills, Ontario:

Addison-Wesley (Canada) Otd., 1969.

12i



239

Bloom, B. (Ed.). Taxonomy of educational objectives and the

clarification of education goals, Handbook I: Cognitive

domain. New York: David McKay, 1956.

Bloom, B. Learning for mastery. In B. Bloom, J. Hastings, &

G. Madaus (Eds.), Handbook of formative and summative evalua-

tion of student learning. New York: McGraw Hill, 1971.

Bloom, B. Time and learning. Thorndike address, 81st Annual

Convention of the American Psychological Association,

Montreal, 1973.

Bloom, B. Human characteristics and school learning. New York:

McGraw Hill, 1976.

Borg, W. Time and achievement. BTES Newsletter, May 1979.

Bronowski, J. The common sense of science. New York: Vantage

Books, 1968.

Brophy, J., & Evertson, C. Process-product correlations in the

Texas teacher effectiveness study: Final report. Austin:

University of Texas at Austin, 1974. (ERIC Document Re-

production Service No. ED 091 394)

Brophy, J., & Evertson, C. Teachfr behavior and student learning

in 2nd and 3rd grades. In G. Borich (Ed.), The appraisal

of teaching: Concepts and processes. Reading, Mass.:

Addison-Wesley, 1977.



240

Brophy, J., & Good, T. Teachers' communication of differential

expectations for children's classroom performance: Some

behavioral data. Journal of Educational Psychology, 1970,

61, 365-374.

Bruner, J. Toward a theory of instruction. Cambridge, Mass.:

Harvard University Press, 1966.

Carpenter, T. Cognitive development, research, and mathematics

education. In R. Shumway (Ed.), Research in mathematics

education. Reston: National Council of Teachers of Mathe-

matics, in press.

Carroll, J. A model for school learning. Teachers College

Record, 1963, 64, 723-733.

Case, R. Gearing the demands of instruction to the developmental

capacities of the learner. Review of Educational Research,

1975, 45, 59-87.

Case, R. A developmentally based theory and technology of in-

struction. Review of Educational Research, 1978, 48, 439-463.

Clark, C. Choice of a model for research on teacher thinking

(Research Series No. 20). Institute for Research on

Teaching, Michigan State University, 1978.

Clark, C., & Yinger, R. Research on teacher thinking (Research

Series No. 12). Institute for Research on Teaching, Michigan

State University, 1978.

1



0

241

Coker, H., Lorentz, J., & Coker, J. interim report on Carroll

CBTC project, Fall 1976. Atlanta: Georgia State Depart-

ment of Education, 1976.

Copeland, R. Mathematics and the elementary teacher. Philadelphia:

W. B. Saunders Co., 1976.

Crawford, J., Brophy, J., Evertson, C., & Coulter, C. Classroom

dyadic interaction: Factor structure of process variables

and achievement correlates. Journal of Educational Psychology,

1977, 69, 761-772.

Crawford, J., & Gage, N. Development of a research-based teacher

training program. California Journal of Teacher Education,

1977, 4, 105-123.

Cronbach, L. The logic of experiments on discovery. Prepared for

a conference by the SSRC Committee on Learning and the

Educational Process, New York, 1965.

Cunnington, B., & Torrance, E. Imagi/craft series. Boston:

Ginn & Co., 1965.

Dahllof, V. Ability grouping and the teaching process. Stockholm:

Almqvist & Wiksell, 1967.

Dahllof, V. Ability grouping, content validity, and curriculum

process analysis. New York: Teachers College Press, 1971.

Dahllof, V., & Lundgren, V. Project Compass 23: Macro and micro

approaches combined for curriculum process analysis: A

Swedish educational field project. Paper presented at the

annual meeting of the American Educational Research Associa-

Lion, Minneapolis, 1970.

123



242

deCharms, R. Enhancing motivation: Change in the classroom.

New York: Irvington, 1976.

DeVault, M., Frehmeyer, M., Greenberg, H., & Bezuszka, S. SRA

mathematics. Chicago: Scientific Research Associates,

1974.

Dewitz, P. Making classroom decisions: The limits of the diagnos-

tic model. Paper presented at the annual meeting of the

American Educational Research Association, Toronto, 1978.

Dishaw, M. Descriptions of allocated time to content areas for

the A -B period (Technical Note N-2A). San Francisco: Far

West Laboratory for Educational Research and Development,

1977.

Dossey, J., & Henderson, K. Relative effectiveness of four

strategies for teaching disjunctive concepts in mathematics.

Journal for Research in Mathematics Education, 1974, 5, 6-19.

Doyle, W. Paradigms for research on teacher effectiveness. In

L. Shulman (Ed.), Review of research in education 5.

Itasca, Ill.: F. E. Peacock Publishers, 1978.

Dunkin, M., & Biddle, B. The study of teaching. New York: Holt,

Rinehart, & Winston, 1974.

Ebmeier, H., & Good, T. L. An investigation of the interactive

effects among student types, teacher types, and instruction

types of the mathematics achievement of fourth grade students.

American Educational Research Journal, in press.

124



243

Educational Development Center. Traffic flow: Teacher's resource

book. Newton, Mass.: Educational Development Center, 1973.

Eicholtz, R., O'Daffee, P., & Fleenor, C. Investigating school

mathematics. Reading, Mass.: Addison-Wesley, 1973.

Ekstrom, R. Teacher aptitudes, knowledge, attitudes, and cognitive

style as predictors of teaching behavior. Paper presented at

the annual meeting of the American Educational Research

Association, San Francisco, 1976.

Elliott, M., Bye, M., Chivers, R., Hanwell, A., Jorden, J.,

MacLean, J., & Neufeld, K. Project mathematics. Toronto;

Holt, Rinehart, & Winston, 1971.

Eriwanger, S. Case studies of children's conceptions of mathe-

matics--Part I. The Journal of Children's Mathematical

Behavior, 1975, 1(3).

Fennema, E., & Sherman, J. Sex-related differences in mathematics

achievement, spatial visualization and affective factors.

American Educational Research Journal, 1977, 14, 51-71.

Filby, N. Progress report on reactivity analyses (October-

December test data) (Technical Note 111-5). San Francisco:

Beginning Teacher Evaluation Study, Far West Laboratory

for Educational Research and Development, 1976.

Fisher, C., Berliner, D., Filby, N., Marliave, R., Callen, L.,

Dishaw, M., & Moore, J. Teaching and learning in elementary

51d



244

schools: A summary of the Beginning Teacher Evaluation Study.

San Francisco: Far West Laboratory for Educational Research

and Development, 1978.

Fortune, J., Gage, N., S Shutes, R. The generality of the

ability to explain. Paper presented at the American Educa-

tional Research Association, Amherst, Mass., 1966.

Frymier, J. The nature of educational method. Columbus, Ohio:

Charles E. Merrill, 1965.

Furst, N. The effects of training in interaction analysis on the

behavior of student teachers in secondary schools. In E.

Amidon & J. Hough (Eds.), Interaction analysis: Theory,

research, and application. Reading, Mass.: Addison-

Wesley, 1967.

Furst, N., & Amidon, E. Teacher-pupil interaction patterns in

the elementary school. In E. Amidon S J. Hough (Eds.),

Interaction analysis: Theory, research, and application.

Reading, Mass.: Addison-Wesley, 1967.

Gaa, J. Goal-setting behavior, achievement in reading, and atti-

tude toward reading associated with individual goal-setting

conferences (Technical Report No. 142). Madison: Wisconsin

Research and Development Center for Cognitive Learning, 1970.

Gage, N., S Berliner, D. Educational psychology. Chicago: Rand

McNally, 1975.

k_ 1 2 t1



245

Gall, M., Ward, B., Berliner, D., Cahen, L., Winne, P., Elashoff,

J., & Stanton, G. Effects of questioning techniques and

recitation on student learning. American Educational Re-

search Journal, 1978, 15, 175-199.

Good, T., Ebmeier, H., & Beckerman, T. Teaching mathematics in

high and low SES classrooms: An empirical comparison.

Journal of Teacher Education, 1978, 29, 85-90.

Good, T., & Grouws, D. Process-product relationship in fourth

grade mathematics classrooms. Columbia, Mo.: University

of Missouri, 1975.

Good, T., & Grouws, D. Teaching effects: A process-product

study in fourth grade mathematics classrooms. Journal of

Teacher Education, 1977, 28, 49-54. (a)

Good, T., & Grouws, D. Teacher's manual: Missouri mathematics

effectiveness _project. Columbia, Mo.: University of

Missouri, 1977. (b)

Good, T., Grouws, D., & Beckerman, T. Curriculum pacing: Some

empirical data in mathematics. Journal of Curriculum

Studies, 1978, 10, 75-81.

Good, T., & Power, C. Designing successful classroom environments

for different types of students. Journal of Curriculum

Studies, 1976, 8, 45-60.

127



Good, T., Sikes, J., & Brophy, J. Effects of teacher sex and

student sex on classroom interaction. Journal of Educa-

tional Psychology, 1973, 65, 74-87.

Grannis, J. Task engagement and the consistency of pedagogical

controls: An ecological study of differently structured

classroom settings. Curriculum Inquiry, 1978, 8, 3-36.

Gump, P. The classroom behavior setting: Its nature and rela-

tion to student behavior (Final report, Contract No. OE-

4-10 -107). Washington, D.C.: U. S. Bureau of Research,

Department of Health, Education, and Welfare, 1967.

Harnischfeger, A., & Wiley, D. Teaching-learning processes in

elementary schools: A synoptic view (Report No. 9).

University of Chicago: Studies of Educative Processes,

February 1975.

Harnischfeger, A., & Wiley, D. Defining effective teaching:

Taking into account the instructional settings. Paper

presented at the annual meeting of the American Educational

Research Association, Toronto, 1978. (a)

Harnischfeger, A., & Wiley, D. Conceptual issues in models of

school learning. Journal of Curriculum Studies, 1978, 10(3).

(b)

Harris, C. Problems in measuring change. Madison: The Univer-

sity of Wisconsin Press, 1963.

12B



Heider, P. The psychology of interpersonal relations. New York:

Wiley, 1958.

Helton, G., & Oakland, T. Teachers' attitudinal responses to

differing characteristics of elementary school students.

Journal of Educational Psychology, 1977, 69, 261-265.

Hogan, T. Students' interests in particular mathematics topics.

Journal for Research in Mathematics Education, 1977, 8,

115-122.

Hubbard, W., & Zajano, N. Group conferences to promote self-

directed prosocial behavior: 1971-72 field test report

(Technical Report No. 255). Madison: Wisconsin Research

and Development center for Cognitive Learning, 1973.

Jamison, D., Suppes, P., & Wells, S. The effectiveness of

alternative instructional media in a survey. Review Of

Educational Research, 1974, 44, 1-67.

Johnson, D., & Ahlgren, A. Relationship between student atti-

tudes about cooperation and competition and attitudes

toward schooling. Journal of Educational Psychology,

1976, 68, 92-102.

Johnson, D., & Johnson, R. Instructional goal structure:

Cooperative, competitive, or individualistic. Review

of Educational Research, 1974, 44, 213-240. (a)

129



248

Johnson, D., & Johnson, R. The goal structure of open schools.

Journal of Research and Development in Education, 1974, 8,

30-47. (b)

Johnson, D., & Johnson, R. Learning together and alone: Coopera-

tion, competition, and individualization. Englewood Cliffs,

N.J.: Prentice-Hall, 1975.

Johnson, D., & Johnson, R. Many teachers wonder . . . will the

special-needs child ever really belong? Instructor,

1978, 87, 152-154.

Johnson, D., Johnson, R., Johnson, J., & Anderson, D. Effects

of cooperative versus individualized instruction on student

prosocial behavior, attitudes toward learning, and achieve-

ment. Journal of Educational Psychology, 1976, 68, 446-452.

Joyce, B. Variables, designs and instruments in the search for

teacher effectiveness (Technical Report No. 75-10-4). San

Francisco: Far West Laboratory for Educational Research

and Development, 1975. (a)

Joyce, B. Vehicles for controlling content in the study of

teaching. Paper presented at the meeting of the American

Educational Research Association, Washington, D.C., April

1975. (b)

Kahneman, D., & Tversky, A. On the psychology of prediction.

Psychological Review, 1973, 80, 237-251.

13)



249

Karweit, N. The organization of time in schools: Time scales

and learning. Paper presented at the NIE Conference on

Schooling, San Diego, 1976.

Kennedy, B. Motivational effects of individual conferences and

goal setting on performance and attitudes in arithmetic

(Technical Report No. 61). Madison: Wisconsin Research

and Development Center for Cognitive Learning, 1968.

Klausmeier, H. Origin and overview of IGE. In H. Klausmeier,

R. Rossmiller, & M. Saily (Eds.), Individually guided

elementary education: Concepts and practices. New York:

Academic Press, 1977.

Klausmeier, H., Jeter, J., Quilling, M., Prayer, D., & Allen, P.

Individually guided motivation. Madison: Wisconsin Research

and Development Center for Cognitive Learning, 1975.

Klausmeier, H., Quilling, M., Sorenson, J., Way, R., & Glasrud, G.

Individually guided education and the multiunit school:

Guidelines for implementation. Madison: Wisconsin Re-

search and Development Center for Cognitive Learning, 1971.

Klausmeier, H., & Ripple, R. Learning and human abilities: Edu-

cational psychology (3rd ed.). New York: Harper & Row,

1971.

Klausmeier, H., Rossmiller, R., & Saily, M. Individually

guided elementary education: Concepts and practices. New

York: Academic Press, 1977.



250

Kolesnik, W. Motivation: Understanding and influencing human

behavior. Boston: Allyn & Bacon, 1978.

Kounin, Discipline and group management in classrooms. New

York: Holt, Rinehart, & Winston, 1970.

Leiter, K. Ad hocing in the schools: A study of placement

practices with kindergartens of two schools. In A. Ciconsil,

K. Jennings, S. Jennings, K. Leiter, R. Mackay, H. Mehar,

& D. Roth (Eds.), Language use and school performance. New

York: Academic Press, 1974.

Lovell, K. Intellectual growth and understanding mathematics.

Columbus, Ohio: ERIC Information Analysis Center for

Science and Mathematics Education, 1971.

Lundgren, V. Frame factors and the teaching process: A contri-

bution to curriculum theory and theory on teaching.

Stockholm: Almgrist & Wiksell, 1972.

MacPherson, E. Untitled lecture. Vancouver: Faculty of Educa-

tion, University of British Columbia, 1970.

Marliave, R. Attitude, self-esteem, achievement, and goal-

setting behavior associated with goal-setting conferences

in reading skills (Technical Report No. 176). Madison:

Wisconsin Research and Development Center for Cognitive

Learning, 1971.



251

Marliave, R., Fisher, C., Filby, N., & Dishaw, M. The develop-.

merit of instrumentation for a field study of teaching

(Technical Report 1-5). San Francisco: Beginning Teacher

Evaluation Study, Far West Laboratory for Educational

Research and Development, 1977.

Maslow, A. Motivation and personality. New York: Harper

Row, 1970.

McClelland, D. Toward.a theory of motive acquisition. American

Psychologist, 1965, 20, 321-333.

McDonald, F. Research on teaching: Report on Phase II of the

Beginning Teacher Evaluation Study. In G. Borish (Ed.),

The appraisal of teaching: Concepts and processes. Reading,

Mass.: Addison-Wesley, 1977.

McDonald, F., & Elias, P. The effects of teaching performance

on pupil learning, Beginning Teacher Evaluation Study:

Phase II, 1973-74, Final report (Vol. I). Princeton,

N.J.: Educational Testing Service, 1976.

McLeod, D. The effectiveness of an inservice program for imple-

menting an activity approach to learning mathematics in the

elementary school (Technical Report No. 245). Madison:

Wisconsin Research and Development Center for Cognitive

Learning, 1972.

133



21).t

Meh.v. I,. Tacperj:ompetence and teacher effectiveness.

Washington, D.C.: American Association of Colleges for

Higher Education, 1977.

Montgomery, M. The interaction of three levels of aptitude

determined by a teach-test procedure with two treatments

related to area. Journal for Research in Mathematics

Education, 1973, 4(3), 271-278.

Morine, G. A study of teacher planning. Special Study C,

Beginning Teacher Evaluation Study. San Francisco:

Far West Laboratory for Educational Research and Develop-

ment. 1976.

Myers, R., & Torrance, E. Invitations to thinking and doing.

Boston: Ginn & Co., 1964.

Myers. R., & Torrance, E. Can you imagine? Boston: Ginn &

Co., 1965. (a)

Myers, R., & Torrance, E. Invitations to speaking and writing

creatively. Boston: Ginn & Co., 1965. (b)

Myers, R., & Torrance, E. For those who wonder. Boston: Ginn &

Co., 1966.

Nelson, B. Research on learning needs and specifications (Work-

ing Paper No. 108). Madison: Wisconsin Research and Develop-

ment Center for Cognitive Learning, 1973.

of to. W. The Witwonsin lk;ign: A reading program For individ-

ually guided education. In H. Klausmeier, R. Rossmiller, &

M. Saily (Eds ), Individually guided elementary education:

Concmts and practices. New York: Academic Press, 1977.



253

Perham, B. A study of multiple relationships among teacher

characteristics, teaching behaviors and criterion-referenced

student performance in mathematics (Technical Report No. 286).

Madison: Wisconsin Research and Development Center for

Cognitive Learning, 1974.

Peterson, P. Interactive effects of student anxiety, achieve-

ment orientation, and teacher behavior on student achieve-

ment and attitude. Journal of Educational Psychology, 1977

69, 779-792.

Peterson, P. Direct and open instructional approaches: Effec-

tive fcr what and for whom? (Working Paper No. 243).

Madison: Wisconsin Research and Development Center for

Individualized Schooling, 1978.

Peterson, P., & Janicki, T. Individual characteristics and

children's learning in large-group and small-group

approaches (Technical Report No. 496). Madison: Wisconsin

Research and Development Center for Individualized Schooling,

1979.

Peterson, P., Marx, R., & Clark, C. Teacher planning, teacher

behavior, and student achievement. American Educational

Research Journal, 1978, 15, 417-432.

Popham, W. Performance tests of teaching proficiency: Rationale,

development, and validation. American Educational Research

Journal, 1971, 8, 105-117.



254

Popper, K. Conjectures and refutations: The growth of scienti-

fic knowledge. London: Routledge & Kegan Paul, 1949.

Program on teaching effectiveness, SCRDT. A factorially designed

experiment on teacher structuring, soliciting, and reacting

(R & D Memorandum No. 147). Stanford, Calif.: Stanford

Center for Research and Development in Teaching, 1976.

Quilling, M., Cook, D., Wardrop, J., & Klausmeier, H. Research

and development activities in R & I units of two elementary

schools of Milwaukee, Wisconsin, 1966-1967 (Technical Report

No. 46). Madison: Wisconsin Research and Development Center

for Cognitive Learning, 1968.

Quilling, M., Fischbach, T., Rendfrey, K., & Prayer, D. Individ-

ual goal-setting conferences related to subject-matter

learning: A report on the field test (Technical Report No.

190). Madison: Wisconsin Research and Development Center

for Cognitive Learning, 1971.

Rich, H., & Bush, A. The effect of congruent teacher-student

characteristics on instructional outcomes. American Educa-

tional Research journat, 1978, 15, 451-457.

Romberg, T. ICE evaluation: Perspectives and a plan (Working

Paper No. 183). Madison: Wisconsin Research and Develop-

ment Center for Cognitive Learning, 1976. (a)

Romberg, T. Individually guided mathematics. Reading, Mass.:

Addison-Wesley, 1976. (b)

1 9



255

Romberg, T. Developing mathematical processes: The elementary

mathematics program for individually guided education. In

H. Klausmeier, R. Rossmiller, & M. Sally (Eds.), Individually

guided elementary education: Concepts and practices. New

York: Academic Press, 1977.

Romberg, T. Examples from 'Towards a rational theory of pedagogy.'

In D. Williams (Ed.), Learning and applying mathematics.

Melbourne: The Mathematical Association of Victoria, 1978.

(a)

Romberg, T. Field-based inquiry and the development of a mathema-

tical methodology for the study of schooling. Paper presented

at the conference on The Study of Schooling: Field-based

Methodologies in Educational Research, Racine, Wis., 1978.

(b)

Romberg, T. Twenty-four important behaviors for mathematics

teachers. In D. Williams (Ed.), Learning and applying

mathematics. Melbourne: The Mathematical Association of

Victoria, 1978. (c)

Romberg, T. Salient features of the BTES framework of teacher

behaviors. Paper prepared for the California Commission on

Teacher Preparation and Licensing, Sacramento, Calif., 1979.

Romberg, T. Towards a rational theory of pedagogy. In T. Romberg

(Ed.), Measurement: An instructional approach. In prepara-

tion.



256

Romberg, T., Carpenter, T., & Moser, J. Studies in mathematics

(Technical Proposal 1978-1979). Madison: Wisconsin Re-

search and Development Center for Individualized Schooling,

1978.

Romberg, T., & Gilbert, L. The effect of training on the per-

formance of kindergarten children on nonstandard but related

tasks. Journal for Research in Mathematics Education, 1972,

3(2), 69-75.

Romberg, T., Harvey, J., Moser, J., & Montgomery, M. Developing

mathematical processes. Chicago: Rand McNally & Company,

1974, 1975, 1976.

Romberg, T., McLeod, D., & Montgomery, M. Blueprint for the

developing mathematical processes implementation program

(Working Paper No. 74). Madison: Wisconsin Research and

Development Center for Cognitive Learning, 1971.

Romberg, T., & Wilson, J. The development of tests. In J. Wilson,

L. Cahen, & E. Begle (Eds.), NLSMA reports. Stanford, Calif.:

School Mathematics Study Group, 1969.

Rosenshine, B. Objectively measured behavioral predictions of

teacher effectiveness in explaining. Unpublished doctoral

dissertation, Stanford University, 1968.

Rosenshine, B. Teaching behaviors and student achievement. London:

National Foundation for Educational Research, 1971.

tit 13



257

Rosenshine, B. Classroom instruction. In the 75th yearbook of

the National Society for the Study of Education, The psychol-

ogy of teaching methods. Chicago: National Society for the

Study of Education, 1976.

Rosenshine, B. Academic engaged time, content covered, and direct

instruction. Paper presented at the American Educational

Research Association, Toronto, 1978.

Rosenshine, B., & Furst, N. Research on teacher performance

criteria. In B. 0. Smith (Ed.), Research in teacher educa-

tion: A symposium. Englewood Cliffs, N.J.: Prentice-

Hall, 1971.

Ryans, D. Characteristics of teachers. Washington, D.C.:

American Council on Education, 1960.

Ryans, D. Assessment of teacher behavior and instruction. Re-

view of Educational Research, 1963, 33, 415-441.

Schwenn, E., Sorenson, J., & Barry, J. The effect of individual

adult-child conferences on the independent reading of

elementary school children (Technical Report No. 125).

Madison: Wisconsin Research and Development Center for

Cognitive Learning, 1970.

Scott, L., MacPherson, E., Wiederanders, D., Ames, P., Moulton, J.,

& Duea, J. Ginn mathematics: An applied approach. Lexington,

Mass.: Ginn & Co., 1975.

139



258

Scott, M. Some parameters of teacher effectiveness as assessed

by an ecological approach. Journal of Educational Psychol-

ogy., 1977, 69, 217-226.

Sears, P. Levels of aspiration in academically successful and

unsuccessful children. Journal of Abnormal and Social

Psychology, 1940, 35, 498-536.

Shavelson, R. Teachers' decision making. In N. L. Gage (Ed.),

The psychology of teaching methods. Yearbook of the National

Society for the Study of Education. Chicago: University

of Chicago Press, 1976.

Shavelson, R., & Atwood, N. Teachers' estimates of student "states

of mind." British Journal of Teacher Education, 1977, 3,

131-138.

Shavelson, R., Atwood, N., & Borko, H. Classroom decision making.

Cambridge Journal of Education, 1977, 1, 51-70.

Shavelson, R., Caldwell, J., & Izu, T. Teachers sensitivity to

the reliability of information in making pedagogical deci-

sions. American Educational Research Journal, 1977, 14,

83-97.

Shulman, L., & Elstein, A. Studies of problem solving, judgement,

and decision making: Implications for educational research.

In P. N. Kerlinger (Ed.), Review of research in Education 3.

Itasca, Ill.: Peacock Publishers, 1975.

14



259

Small, M., Romberg, T., & Carnahan, R. Teacher-student observa-

tion procedures and training of observers for coordinated

study No. 1 (Project Paper 79-5). Madison: Wisconsin Re-

search and Development, Center for Individualized Schooling,

1979.

Smith, B., Meux, M., Coombs, J., Nuthall, G., & Precians, A.

A study of the strategies of teaching. Urbana, Ill.:

University of Illinois Press, 1967.

Soar, R. Follow through classroom process measurement and pupil

growth (1970-71), Final report. Gainesville: College of

Education, University of Florida, 1973.

Soar, R. An integration of findings from four studies of teacher

effectiveness. In G. Borich (Ed.), The approval of teaching

concepts and processes. Reading, Mass.: Addison-Wesley,

1977.

Soar, R. Defining effective teaching: Taking into account the

instructional settings. Paper presented at the annual

meeting of the American Educational Research Association,

Toronto, 1978.

Soar, R., & Soar, R. An empirical analysis of selected follow

through programs: An example of a process approach to eval-

uation. In I. J. Gordon (Ed.), Early childhood education,

Part II. The 71st yearbook of the National Society for

the Study of Education. Chicago: National Society for the

Study of Education, 1972.

141



260

Soar, R., & Soar, R. An attempt to identify measures of teacher

effectiveness from four studies. Journal of Teacher Educa-

tion, 1976, 27, 261-267.

Sorenson, J., Schwenn, E., & Bavry, J. The use of individual

and rou goal-setting conferences as a motivational device

to improve student conduct and increase student self-direction:

A_preliminary study. Madison: Wisconsin Research and

Development Center for Cognitive Learning, 1970.

Stallings, J., & Xaskowitz, D. Follow through progress classroom

observation evaluation 1972-1973: A study of implementation.

Menlo Park, Calif.: Stanford Research Institute, 1974.

Staybrook, N., Corno, L., & Winne, D. Path analyses relating

student perceptions of teacher behavior to student achieve-

ment. Journal of Teacher Education, 1978, 29, 51-56.

Stewart, D., Quilling, M., & Prayer, D. Individual conferences

to promote independent reading: A report on the field test

(Technical Report No. 185). Madison: Wisconsin Research

and Development Center for Cognitive Learning, 1971.

Tagatz, G. Child development and individually guided education.

Reading, Masi.: Addison-Wesley, 1976.

Tikunoff, W., Berliner, D., & Rist, R. An ethnographic study of

the forty classrooms of the BTES known sample (Technical

Report No. 75-10-5). San Francisco: Far West Laboratory

for Educational Research and Development, 1975.

1s'



261

Tisher, R. The nature of verbal discourse in classrooms and

association between verbal discourse and pupils' under-

standing in science. In W. J. Campbell (Ed.), Scholars in

context: The effects of environments in learning. Sydney:

Wiley, 1970.

Torrance, E. Motivating children with school problems. In

E. Torrance & R. Strom (Eds.), Mental health and achieve-

ment: Increasing potential and reducing school dropout.

New York: Wiley, 1965.

Torrance, E., & Myers, R. Creative learning and teaching. New

York: Dodd, Mead, & Co., 1970.

Tversky, A., & Kahneman, D. Belief in the law of small numbers.

Psychological Bulletin, 1971, 76, 105-110.

Tversky, A., & Kahneman, D. Judgment under uncertainty: Heuris-

tics and biases. Science, 1974, 185, 1124-1131.

Venezky, R., & Pittelman, S. PRS: A pre-reading skills program

for individually guided education. In H. Klausmeier, R.

Rossmiller, & M. Saily (Eds.), Individually guided elementary

education: Concepts and practices. New York: Academic

Press, 1977.

Webb, N. Observation coding procedures for Phase IV, IGE evalua-

tion project (Project Paper 78-2). Madison: Wisconsin

Research and Development Center for Individualized Schooling,

1978.



262

Webb, N., & Romberg, T. The design for the study of reading

skills and mathematics curriculum products ICE evaluation

project--Phase IV (Project Paper No. 79-42). Madison:

Wisconsin Research and Development Center for Individualized

Schooling, 1979.

Weiner, B. Attribution theory, achievement motivation and the

educational process. Review of Educational Research, 1972,

42, 203-215.

Winne, P., & Marx, R. Reconceptualizing research on teaching.

Journal of Educational Psychology, 1977, 69, 668-678.

Wright, C., & Nuthall, G. Relationships between teacher behaviors

and pupil achievement in three experimental elementary science

lessons. American Educational Research Journal, 1970, 7,

477-491.

Yinger, R. A study of teacher planning: Description and a model

of practice decision making (Research Series No. 18). East

Lansing: Institute for Research on Teaching, Michigan

State University, 1978.

Zahorik, J. Classroom feedback behavior of teachers. Journal of

Educational Research, 1968, 62, 147-150.

Zahorik, J. The effect of planning on teaching. The Elementary

School Joulnal, 1970, 71, 143-151.

114



..

263

Zahorik, J. Teachers' planning models. Educational Leadership,

1975, 33, 134-139.

Zajano, N., 6 Hubbard, W. Building older children as tutors:

A report on the field test (Technical Report No. 325).

Madison: Wisconsin Research and Development Center for

Ow

74

Cognitive Learning, 1975.

115



Center Planning and Policy Committee
Niehard A. Rossmiller
Wayne °Ito
Center Cu-Directors

Dale D. Johnson
Area Chairperson
Studios in Language:
Reading and Communication

Marvin J. Fruth
Area Chairperson
Studies in Implementation
of Individualized Schooling

Vernon L. Allen
Professor
P:iyehology

Penelope L. Peterson
Area Chairperson
Studies of Instructional Programming
for the Individual Student

James M. Upham
Area Chairperson
Studies of Administration and
Organization for Instruction

Thomas A. Romberg
Area Chairperson
Studies in Mathematics and Evaluation
of Practices in Individualized Schooling

Associated Faculty

B. Dean Bowles
Professor
Educational Administration

Thomas P. Carpenter
Associate Professor
Curriculum and Instruction

W. Patrick Dickson
Assistant Professor
Child and Family Studies

Lloyd F. Frohreich
Associate Professor
Educational Administration

Marvin J. Fruth
Professor
Educational Administration

Uale D. Johnson
Professor
Curriculum and Instructicm

Herbert J. Klausmeier
V.A.C. Henmon Professor
Educational Psychology

Joel R. Levin
Professor
Educational Psychology

James M. Upham
Professor
Educational Administration

Dominic W. Massaro
Professor
Psychology

Donald M. Mclsaac
Professor
Educational Administration

Wayne Otto
Professor
Curriculum and Instruction

Penelope L. Peterson
Assistant Professor
Educational Psychology

Thomas S. Popkewitz
Professor
Curriculum and Instruction

Gary G. Price
Assistant Professor
Curriculum and Instruction

116

W. Charles Read
Professor
English and Linguistics

Thomas A. Romberg
Professor
Curriculum and Instruction

Richard A. Rossmiller
Professor
Educational Administration

Peter A. Schreiber
Associate Professor
English and Linguistics

B. Robert Tabachnick
Professor
Curriculum and Instructior

Gary G. Wehlage
Professor
Curriculum and Instruction

Louise Cherry Wilkinson
Associate Professor
Educational Psychology

Steven R. Yussen
Professor
Educational Psychology

11/79


