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 A note from the editor . . . 

-This issue of IME contains abstracts of two lengthy documents which 

may have particular importance to mathematics educators. They concern 

'two of the three studies funded by the National Science Foundation to 

provide an assessment of the status of science education. Thé Case 

Studies (directed by Stake and Easley) and the Survey (directed by Weiss) 

were supplemented by a third report, a literature review*, which has not 

been included in IME because this journal does not usually contain abstracts 

of reviews. The reviewers of the two documents -- Peggy House, Ross 

Taylor, and Bob Kane -- have provided summaries which are longer than the 

usual IME abstracts because of the length and type of documents they were 

reviewing. Our appreciation is extended to them for tackling this time-

consuming task. Readers should also be aware that several professional 

organizations -- e.g., NCTM and ASCD -- have been perusing the set of 

documents for implications and interpretations pertinent to their specific 

memberships.

Our appreciation is also extended to the reviewers of the other articles 

in this issue. IME exists because of the willingness of such reviewers 

to contribute their knowledge and time. 

Marilyn N. Suydam 
Editor 

*
Suydam, Marilyn N. and Osborne, Alan. The Status of Pre-College Science, 
Mathematics, and Social Science Education: 1955-1975. Volume II: Mathe-
matics Education. NSF Contract C7620627. 1977. 
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CASE STUDIES IN SCIENCE EDUCATION. Stake, Robert; Easley, Jack 
(Project Directors), A Project for the National Science Foundation 
conducted by the Center Tor Instructional Research and Curriculum Evalu-
ation and the Committee on Culture and Cognition, University of Illinois 
at Urbana-Champaign, January 1978. ERIC: ED 156 498 - ED 156 513. 

Expanded Abstract and Analysis Prepared Especially for,I.M.E. by Peggy 
House, University of Minnesota, and Ross Taylor, Minneapolis Public 
Schools. . 

1. Purpose 

The major purpose of this study was to describe the status of pre-

college science education in. the United States in the 1976-1977 school 

year. ("Science" is defined by NSF to include the natural sciences, 

mathematics, and the social sciences.) 

2. Rationale 

The past 15 years have seen unparalleled federal investment in sci-

ence education. The National Science Foundation (NSF) has played a 

special role in the improvement of science education. Recently the 

Foundation has undergone a reorganization which has included the estab-

lishment of seven major directorates, including the Directorate for Sci-

ence Education; changes in the peer review process; and changes in the 

proposal processing procedures. The Case Studies in Science Education 

(CSSE) is one of four studies for which the Directorate for Science Educa-

tion has contracted to provide baseline information so that the Founda-

tion can target its future science education programs to meet documented 

needs. 

5. Research Design and Procedure 

The Case Studies in Science Education project was conducted to pro-

vide an in-depth investigation in schools and in their communities of 

events and circumstances which have an impact on science education. 

Specifically, the CSSE focus was on "issues," i.e., on circumstances 

about which people disagree and on those conditions which cause or are 

believed to cause certain effects. Since these effects are valued dif-

ferently by different people, there is disagreement on whether or how 

conditions should be changed. By focusing on the current issues in sci-



 ence education, the investigators sought to determine how much science 

is being taught and to identify the obstacles to good science teaching. 

The design used to approach this task was a case study methodology. 

Ten sites were originally selected which were considered to be represent-

ative of the spectrum of school size, geographic location, type of com-

munity, and curricular orientation (innovative, traditional). Five sites 

were chosen for their proximity to prospective field observers, and an 

additional five were selected to achieve the balance described above. 

Later, an eleventh site (Columbus, Ohio) was added because it provided 

an opportunity to study science education in a crisis situation, namely, 

'a Mating fuel shortage which forced the closing of many schools. At 

each site, one senior high school was identified and then two or three 

óf its feeder schools (junior high and elementary) were chosen to com-

plete the makeup of the site's "school cluster." In general, it was 

expected that attention be divided as follows: half to the natural 

sciences and one quarter each to mathematics and the social sciences. 

Data were gathered from three sources. First, on-site field obser-

vations of 4 to 15 weeks were conducted by persons selected by the 

project directors.	Each field observer determined his or her own method 

of observation which in most cases consisted of watching and asking 

questions. Early plans to use a standard check list or rating scale 

were abandoned when two field observers refused to complete the instru-

ments. The content and format of each site report were determined by 

the individual observers. 

A second source of information was from four-.to six-member site 

visitation teams which spent three days at the eleven sites toward 

the end of the respective field observations. These site visitations 

were intended to confirm the existence of phenomena or attitudes and 

otherwise to overview the site. Teams were usually composed of a mem-

ber of the local community, a mathematics educator and a science educa-

tor, scientists, educational policy people, or experts in evaluation 

strategies. Each team member wrote a report of the site visit, but, 

as with the field observation, the content, style, and methodology 

were left to the individuals. A few samples of site visitation reports 

are included, but the complete reports of these teams are not presented. 

Finally, a national survey of teachers, science supervisors, admin-
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istrators, high school counselors, high school seniors, and their parents 

was conducted to provide additional interpretations and information on 

the extent of the generalizability of the case study data. The sample 

was divided according to grade level and/or area of responsibility into 

22 different respondent groups and each was asked to respond to a vari-

ation of the survey questionnaire. That four-page instrument consisted 

of three sections: (1) a questionnaire designed for the specific respond-

ent group to collect demographic, biographic, and experience-related in-

formation and also containing one or more general issue-oriented questions' 

which may be common to more than one respondent; (2) scenario and related 

questions; and (3) general items regarding science education. In all, 

eight scenarios were developed which consisted of a contrived illustra-

tion designed to establish a particular issue in science education in its 

proper context, and each was presented to two, three, or fopr of the re-

spondent groups. The page of general items was designed in three distinct 

formats, each of which was administered to one-third of the respondents. 

In the field observations and site visitations, CSSE observers 

attempted to sample diverse populations by seeking out persons with dif-

ferent positions, roles, experiences, attitudes, and goals. Their ap-

proaches included deliberate sampling of members of different categories 

of school district personnel, referrals by respondents to other persons 

who might have desired information, and a search for persons who might 

hold divergent or opposing views. However, no consistent systematic 

sampling procedure is reported. In the survey administration, sampling 

of teachers, supervisors, and administrators was performed by the Research 

Triangle Institute (RTI) by creating subgroups of samples drawn by RTI 

for another NSF project surveying pre-college education. Counselor, stu-

dent, and parent samples were drawn by CSSE from a random sample of 35 

schools whose principals were included in the RTI sample. The final sur-

vey sample consisted of the following respondent groups: 

Superintendents (n = 149) 

3 Principal samples: K-6 (n = 94); 7-9 (n = 86), 10-12 

(n - 87) 

5 Supervisor samples: 7-12 science (n = 200), 7-12 mathematics 

(n - 211), 7-12 social studies (n = 2p1), 

K-6 science (n = 210), K-6 mathematics 

(n = 198) 



 7 Teacher samples: 10-12 science (n = 150), 10-12 mathematics 

(n = 150), 10-12 social studies (n = 75), 

7-9 science (n = 150), 7-9 mathematics 

(n = 150), 7-9 social studies (n = 75), 

4-6 general (n = 150) 

Counselors
(n = 30) 

Senior studants (n N 750) 

Parents of students (n , 750) 

The case studies are reported in eleven descriptive narratives pre-

pared by the respective field observers. These vary in length from 13' 

to 136 pages and display a wide diversity in their focus, organization 

specificity, and generalizability. Two volumes of findings were prepared 

by the CSSE staff to assimilate the content of the field observers' and 

site visitation teams' reports. Survey responses are reported in a sep-

arate volume which gives numerical and percentage information for various 

response categories to each question. An overview volume and an execu-

tive summary complete the 16-volume report. 

4. Findings 

a. Science Education Findings 

Teacher Is Key. A child's education for a given year is most 

dependent on the beliefs, knowledge, and actions of the teacher. 

In most of the sites the in-service program provided little aid, 

partly because it was anemic and not aimed directly at improving 

instruction, and partly because the teachers paid little heed 

to it. 

The Basic Two--Reading and Arithmetic. In school settings 

greater emphasis was given to reading and arithmetic and to 

the results of minimum competency testing aimed at the basics. 

Less emphasis was being given to science, mathematics, and 

social science concepts and relationships. 

Science, Mathematics, and Social Studies Curricula. There

were almost no interdisciplinary efforts in the schools of this 

study. Mathematics was getting greater attention with the na-

tional emphasis on "the basics" and vocational preparation. 

The result was an apprehension almost exclusively about com-



putation from second grade to senior year. Much of the 

remedial teaching was being done by non-mathematics teachers 

reassigned for various reasons. The curriculum was "course" 

and "skill" centered. It was authoritarian. It was external 

to the interests and experiences of pupils. 

Socialization as a Preemptive Aim. A most common and vigof-

ously defended purpose held by teachers was that of sociali-

zation. It was intimately related to observance of the mores 

of the community, conforming to the role of "good student," 

and getting ready for the next rung on the educational ladder. 

Text-bound Teaching. In mathematics at all levels the teach-

ing method was usually one of going over the problems assigned, 

either teacher or students working a few at the chalkboard 

where others may observe, the teacher working out the more 

difficult problems, the teacher and students starting new 

assignments together, then students working individually on 

assigned exercises. 

Articulation and Uniformity. There was extremely little ar-

ticulation in the science, mathematics, and social studies cur-

ricula among different schools in a district, either between 

levels or between school buildings at the same level. A large 

majority of the people in the sites visited felt that classes 

should be more uniform across the city and more articulated up 

and down the grades. Teachers regularly expressed dismay that 

students did not arrive knowing what they were supposed to have 

learned previouély. 

Low Priority for Science Education. During the school visits 

many people were asked about the importance of science and 

mathematics programs. About half of those questioned agreed 

that the general public does not put high priority on the teach-

ing of science. However, less than 20% of school people and -

less than one-third of the parents agreed that the general pub-

lic does not put a high priority on the teaching of mathematics. 

The higher support for mathematics was interpreted to be a re-

sult of a perceived need for simple computational skills. 



b. Other (than science education) Findings 

Due Process vs. Ordinary Pedagogy. Efforts to give equal edu-

cation opportunity to all children are at times at odds with 

efforts to protect learning spaces from the distraction and dis-

ruptions of students who could not or would not learn. Little 

relief from this situation is in sight.

Technologizing the Curriculum. A nationwide effort has been 
undertaken to make teaching more explicit and more rational and 

to make learning more uniform and more measurable. The process 

usually involves stating objectives and developing  criterion 

tests to measure accomplishment of the objectives. Many admin-

istrators spoke highly of these efforts. However, the evalu-

ators reported: 

We did not run into any situations or even any 
"folklore stories of far-off places" wherg the 
objectives-based system had in fact changed the 
achievement levels of the youngsters. 

(CSSE, p. 19:14) 

The Management Burden. The increasing number and complexity of 

federal and state regulations are placing an extra burden on 

school administrations. School systems are becoming increasingly 

dependent on state funding and on federal funding for categor-

ical programs. Elaborate information systems have been estab-

lished to provide information for the local, state, and nation-

al levels. However, in the process it appears that affairs of 

curriculum and instruction are receiving less administrative 

attention. 

Powerlessness and Remedy. Many people in the schools were proud 

of what they had, but indicated that there were things that they 

would like to change. However, many of the changes would re-

quire a change in the larger system and teachers as well as others 

felt that they had little power to make the changes. Many have 

been disillusioned by reforms and there is a tendency to accept 

things as they are. However, there are people in this society 

who continue to work to improve the lot close at hand. Agencies 

such as NSF could do many things to support the efforts of people 

to remedy ills that they encounter. 



5. Interpretations

a. Strengths. The most substantial strengths of science programs

were seen to be as follows: 

(1) Individual teachers are given large responsibility 

to decide what will be taught and how it will be 

taught.

(2) The general public shows substantial respect for

science and mathematics faculties and for individ-

ual teachers.

(3) Teachers have a sincere regard for the well-being 

of students. 

(4) NSF institutes for in-service training provide one 

of the best opportunities for upgrading the under-

standings and skills of teachers. 

(5) Modern youngsters have a complex and sophisticated 

epistemology and an intuitive understanding that 

"truth" changes and that knowledge is tentative. 

(6) A vast array of learning resources is available. 

(7) The "mathematics wars" are over, and there has been 

a mellowing of faculty attitude toward science and 

technology. 

b. Problems. The following were considered to be the most serious 

problems in science teaching and learning: 

(1) The proportion of school funding spent for instruc-

tion is diminishing at a distressing rate. 

(2) There is a diminished concern for scientific ideas 

(such as Newton's laws) as central to instruction, 

and schools are pressured to set aside these ideas 

in favor of an emphasis on basic skills. 

(3) The pedagogical support for teachers is poor in rel-

evance and small in quantity. 

(4) Opportunities to learn science out of school are not 

sufficiently supported by teaching in the schools. 

(5) The emphasis throughout the K-12 school program is 

on preparation, not on utilization. 

(6) Schools no longer provide a spokesperson for science; 



chief administrators are managers rather than a voice 

for the importance of learning. 

C. Non-problems. The following were identified as problems

already receiving widespread attention and not deserving 

of NSF programing attention: 

(1) Among teachers and aitizens there are great differ-

ences in the-perceptions of the objectives of the 

schools. 

(2) The quality of reading and other "basic" perform-

ances of students is too low. 

(3) There J.s little articulation regarding instruction 

across classrooms within a building, across buildings,

and across levels of instruction from elementary 

to high school. 

(4) Science and the social sciences are seldom taught

in an interdisciplinary manner. 

(5) The level of work in schools is highly dependent on 

competition. 

(6) There is a diminishing regard for authority. 

d. Science education issues. From the case studies a number of

issues were identified. These were reduced and refined to 

eight fairly specific topics which in turn were used to gen-

erate the scenarios for the national survey. The eight issue 

areas so developed as representatives of major current issues: 

were the following:

(1) Budget cuts and their ramifications 

(2)Issues of pluralism and uniformity 

(3) The back-to-the-basics movement 

(4)Problems which arise in diagnostic teaching 

(5)Teaching and socialization 

(6)Support systems available to teachers 

(7)Personal bias in teaching 

(8) Elitism in the sciences 
e. Need as a basis for policy setting. The model originally con-

ceived for the CSSE project was to determine need by subtract-

ing the description of the status quo from that. which is Ñen-



    tified as the ideal or goal. CSSE rejected that model' on the 

   grounds that it is impossible to reach agreement on what "should 

be." They recommend instead that actual status and desired 

status be considered simultaneously, relating both to particular 

children, particular communities, particular learning tasks, 

and particular curricula. One does not know where the ideal 

lies. Rather, one studies present conditions, estimates what 

improvements would result if conditions were changed in some 

say, then heads out in the direction of most likely improve-

ment. If NSF, is to continue to improve its awareness of cur-

rent conditions of science teaching and learning. frot time to 

time, additional studies should be established to look broadly 

at the needs, to identify needs directly, and to move to fea-

sibility qtudies and perhaps pilot operation of one or more 

program options appearing most favorable. 

f." Possible action for NSF Science Education Directorate 

(1)At present there is little call for text materials 

not already available, but teachers are looking for

inexpensive and motivating supplementary materials. 

There is dissatisfaction with basic or remedial'arith-

metic materials for high school age students. Cur-

riculum developers probably should give less attention 

to the analysis of skills and more to the contextual 

utility of skills. 

(2) There was substantial need for pedagogical support 

for teachers, and both teachers and administrators re-

quested that NSF teacher training and "course content" 

institutes be extended. 

(3) Overall, science was seen as having rather limited 

value to the education of all students. The idea of 

a better place for science education in general educa-

tion needs further study. 

(4) NSF could assist schools in making arrangements for 

opportunities for students to learn science out of 

school through programs integrated into the regular 

curricular structure. 



(5)  As schools seem to be moving away from science edu-

cation (with the exception of computational arith-

 metic), more programming could be purchased non-

school. In particular, special programs might be 

developed for students whose parents are economically 

disadvantaged and who do not subscribe to the local 

school objectives and are not served well by them. 

These could include special television. programming 

and work with local park districts.' 

(6) There is need for adult and continuing education in 

science, and NSF could consider extension programs 

oriented to this need. 

(7) Research on science education is needed, but such 

research should focus on the context of instruction 

(i.e., on the pedagogical processes, the administra-

tive processes, and the social-political background)

rather than on the learner. Specific topics for re-

search include the support system for teaching and 

learning, the curriculum supervisor, testing for sci- 

entific knowledgeability, and the use of science in-

struction for socialization. 

Critical Commentary 

The NSF defines "science" as consisting of natural sciences, math-

ematics, and the social sciences. However, in the report the term is 

not used with any consistency. Whether or not "science" is meant to 

include mathematics and the social sciences is not always readily clear 

to the reader from the context. Mathematics educators who read the re-

port may tend to find this ambiguity disconcerting. 

In reviewing Case Studies in Science Education, one must bear in. 

mind that the purpose of the study was to provide the NSF with infor-

mation on the status of pre-college science education in the United 

States. On the basis of the report, we were not able to determine 

exactly what information was desired by the NSF. For example, page 

c:4 of the report refers to 17 substantive questions which were raised 

.in the request for proposals (RFP) to guide case study observation and 



analysis of the project. However, we were unable to find statements of 

these questions anywhere in the report. We do not understand why these 

questions are not specifically listed in the report along with answers 

that can be traced to specific information gained from the site visits 

and the surveys. In view of our inability to determine from the CSSE 

report precisely what information was requested, we shall leave it to 

the NSF to determine if the desired information was provided in the re-

port. 

In our opinion, the report contains little information of specific 

usefulness to mathematics educators. The study tends to focus on gen-

eral rather than specific education issues. For example, at the start 

of the study the CSSE staff saw three large foreshadowing problems: 

How is science being taught today? 

What are the current conceptualizations of science in 

the classroom? 

What are the current encroachments upon the science 

curriculum? 

The list of issues changed over the course of the study. For ex-

ample, section d under Interpretations (part 5) of this report lists 

eight science education issues that were identified from the case studies. 

However, issues of particular interest to mathematics educators such as 

the impact of hand-held calculators, the metric system, teaching prob-

lem solving, or the learning of mathematics by minorities and females 

did not emerge. 

It is important to remember that case study research, in particu-

lar multiple case study research, is not a highly refined technique. 

Furthermore, while most research studies focus on that which is gener-

alizable across instances, case studies tend to focus on the idiosyn-

crasy and complexity of the particular case. Consequently, the task 

of documenting generalizations on the basis of a multiple case study 

is not an easy one. 

We also recognize that to identify a set of case study sites which 

is both manageable and representative is a difficult task, so the pro-

ject necessarily presents formidable problems. Yet, we were discomforted 

by what appears to be the random and fragmentary nature of the reports. 

Much of this seems to result from the lack of uniformity both in the 

conduct of the case studies and in the reporting of the findings. 



While each study is interesting to read, the reader is nonetheless re-

minded of the blind men and the elephant. It is a bit like being handed • 

a set of snapshots from a single roll of film, some taken with a tele-

photo and some with a wide angle lens, and trying from this to construct 

an adequate portrayal of a school system. 

While the field observers were well identified, we did not find ' 

sufficient identification of the site visitors either with respect to 

the background and qualifications of individuals or with respect to the 

composition of the various teams. Thus, we frequently found ourselves 

questioning the observations, wondering about the perspectives from which

the visitors viewed schools. We also were disappointed by the abandon- 

ment of plans to utilize a standard instrument for classroom observation 

in the case studies. Such a systematic approach would have been a strength 

and it would have provided much more descriptive information about what 

takes place in classrooms. 

We appreciate the investigators' goal of sampling persons on all 

sides of issues and from the entire spectrum of educational responsibil-

ity. However, we could find no documentation that this goal was achieved 

or even that it was undertaken in any systematic way. We also would have 

found it useful if the project had included in each case study report 

certain common and easily collected data such as enrollment trends, in-

structional costs, curricular offerings, etc. At times,•too, it was dif-

ficult to differentiate between what derives from other sources such as 

literature reviews and what is based on actual observations in the case 

studies. 

The case study reports are, for the most part, "chatty" and anec-

dotal. They reflect a tendency to report vignettes and partial quotes, 

and the great variation in their length and specificity make it extreme-

ly difficult to draw conclusions about the status of education in gener-

al or science education in particular. Although the report includes two 

volumes of "findings" and an executive summary, it is difficult to dis-

cern the source of these conclusions. The reports of the site visita-

tion teams, for example, are referred to but not reprinted, A more ser-

ious concern is the investigators' admission that the conclusions and 

recommendations go beyond the reported findings. Despite the general 

unfamiliarity of educators with case study research of this magnitude, 

there remains a basic uneasiness with what often appears to be undue 



reliance on the partially quoted remarks of a few persons within a sin-

gle school. 

The survey also presents concerns. The underlying idea of validat-

ing the case study findings through a national survey is a good approach. 

However, it is often difficult to estimate the validity of the responses. , 

Too often, it seems, respondents react not to the issues or situations 

presented in the scenarios of the survey, but to their own local needs 

and experiences. There, likewise, is a concern which arises over the 

decision to present each scenario to only two or three reápondent groups. 

Can one be sure that the resulting sampling is adequate or appropriate? 

Further, groups of respondents frequently express very divergent respons-

es to situations, yet no further explanation or"interpretation is offered. 

In summary, we would recall that the results of case studies aré 

dependent upon subjective observation and are particularly susceptible 

to the influences of the biases of the observers. Multiple case studies 

are additionally vulnerable to the biases of the researchers, who assim-

ilate the results across case studies. These factors are acknowledged 

by the CSSE authors and there is sufficient information for readers of 

the entire report tó make judgments about such subjectivity. However, 

persons who read only the executive summary should be continually aware 

of the above and should be reminded that if the study had been done by 

a different set of evaluators with a different orientation, the points 

emphasized and the general tone of the executive summary might have 

been significantly different. 

In the last analysis, we believe that while one could gain some in-

sights about the conditions that exist in the schools by reading the 

eleven individual case studies, one's time would probably be better spent 

visiting schools and personally observing the teaching/learning process. 
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Expanded Abstract and Analysis Prepared Especially for I.M.E. by 
Robert B. Kane, Purdue University. 

The National Science Foundation contracted for a national survey of 

science, mathematics, and social studies, listing the following interest 

areas: 

(1)What science courses are currently offered in the schools? 

(2)What local and state guidelines exist for the specification of

minimal science experience for studénts? 

(3)What texts and other instructional materials are being used 

in science classrooms? 

(4)What share of the market is held by specific textbooks? 

(5)What regional patterns of curriculum usage are evident and 

what patterns exist with respect to urban, suburban, rural, and 

other geographic variables?

(6)What laboratory or activity-centered materials are being used 

and to what extent and frequency? 

(7)What audio-visual materials are used and to what extent and 

frequency? 

(8)How much time, compared with other subjects, is spent on teaching 

science? 

(9)What is the role of the science teacher in working with students 

and how has this changed in the past 15 years? 

(10)What are the roles of science supervisory specialists in school 

districts and state departments of education? 

(11)How have science teachers been influenced in their use of 

materials by federally-supported in-service training programs? 

This review is restricted to those portions of the Report which deal 

with mathematics education. 

Chapter 1. In addition to a statement of purpose, the sample design, 

instrument development, data collection, analysis, and report structure 



are described. National probability samples of school districts, 

schools, and teachers were drawn so that national estimates with respect 

to each question asked might be made. The sample strata made it possi-

ble to derive such estimates for various factors such as community type 

or geographic region. The sampling design was constructed thoughtfully 

and carefully, and meets the criteria of a probability sample. 

Instrument development included identifying important variables from 

the literature, reviewing those variables by NSF staff, preparing pre-

liminary questionnaires, and reviewing draft questionnaires by represen-

tatives of the Association of State Supervisors of Mathematics. After 

refinements based on all the above, drafts of the questions were mailed to 

consultants in both schools and universities. In addition, representatives 

of AAAS, APA, and EPIE reviewed the draft questionnaires. A second revision

of the questionnaires was then developed and reviewed by representatives. 

of the Committee on Evaluation and Information Systems of the Council of 

Chief State Shcool Officers. The instruments were field-tested and final 

versions of the questionnaires were approved by the Office of Management 

and Budget (OMB). 

Data collection involved mailing the questionnaires to respondents 

in the sample and carrying out a variety of mailgram and telephone follow-

up steps as needed. Final response rates ranged from 9O% for state super-

visors down to 72% for district supervisors. Both teachers (76%) and 

principals (84%) had higher response rates than district supervisors. 

Chapter 2. This chapter includes data about. state and local super-

vision of instruction and course requirements. 

In summary, 28% of the states reported the existence of guidelines 

for time spent in mathematics instruction in the elementary school, and 

between 36% and 40% of the districts in the survey reported guidelines for 

the minimum amount of time spent per day in mathematics instruction in 

grades 1-6. Some 23% of the districts responding indicated that there 

were minimum guidelines for mathematics instruction in the kindergarten. 

Fifty-seven percent of the states required one year of high school mathe-

matics for graduation. When examining region responses, one notes that 

the Northcentral region reported 82% of the states requiring a minimum 

of one year and that this requirement ranged down to 29% in the Northeast 

region. While most states required at least a year of high school mathe-



matics forgraduation, only 7% of the states indicated that they re-

quired specific courses in mathematics to satisfy their requirement. 

'On the other hand, 40% of the school districts reporting indicated that 

timer required specific courses. The same districts reported that 93% 

of their elementary schools were required to use standardized tests to 

measure mathematical achievement. Sixty-seven percent of the secondary

schools of these districts used standardized tests for this purpose. A 

major use of tests was to report results to individual teachers, expe-

cially in the elementary school. Of the several uses stated for test 

results, the least important seem to have been to determine topics for 

in-service education programs for teachers, to report progress for 

federally funded programs, and to place students in programs for gifted 

or talented. 

Only 58% of the states employed one or more people who spent most of 

their time on state-wide coordination of mathematics instruction. Across 

the nation the average amount spent on state-wide coordination was 

$48,000. The Northeast region, which reported the lowest percentage of 

required mathematics courses for high school graduation, spends the most 

on state-wide coordination (X - $61,000). Sixty-three percent of the 

districts reported no district supervisors. Of those districts where 

supervision is available, it usually is less than full-time. For exam-

ple, only 26% of the districts reported a person spending 75% or more 

 of his/her time on supervision of elementary school mathematics and only 

16% reported a secondary supervisor. District supervisors almost always 

had prior relevant teaching experience (87%) and certification as a 

supervisor (80%), as well as a masters degree in a relevant field (65%). 

Chapter 3. In this chapter information about mathematics offerings 

in the elementary and secondary schools is summarized. 

Elementary teachers were asked about the number of minutes per day 

spent teaching mathematics. In K-3 the average was 41 minutes, while 

in grades 4-6 it was 51 minutes. It is interesting to note that reading 

is afforded about twice as much time as mathematics which, in turn, is 

afforded about twice as much time as either social studies or science. 

The most heavily enrolled secondary school course is elementary algebra 

(2.8 million), followed by geometry (2.6 million). Ninth-grade general 

mathematics enrollment is estimated at 1.7 million, while advanced algebra 



10 estimated at 1.4 millitn. Computer mathematics at 153,000 has 

'substantially larger enrollments than probability or statistics with 

40,000.. There are an estimated 105,000 enrollments in calculus. Nearly 

half of the mathematics classes offered in schools having grades 10-12 

are homogeneously grouped -- a far higher proportion than in elementary 

schools. The average class size for the span K-12 ranges from 23.6 

in grades 10-12, to a high of 27.7 in grades 4-6. The overall average 

is 25.5. 

Chapter 4. Data related to the dissemination and use of federally 

funded curricular materials are included in this chapter.

Of the state mathematics supervisors, 77% indicated that they had 

attended one or more NSF-sponsored institutes, conferences, or workshops. 

Eighteen percent of the elementary school respondents and 39% of the 

sedondary respondents indicated that they had attended such activities. 

When asked about major sources of information relative to curricular 

materials, state supervisors said that meetings of professional organiza-

tions, journals, and other professional publications were the most common 

sources, with publishers and sales representatives also considered useful. 

Similar response patterns were noted for local-district supervisors. At 

the district level, teachers were rated as a major source of information, 

and college courses were also named. Elementary teachers were far more 

likely to indicate that principals and local in-service programs were 

major sources of information than were secondary teachers. In general, 

elementary teachers tended to rely more heavily on local information 

sources than did secondary teachers. The more frequently disseminated 

instructional materials by state departments of education were SMSG ma-

terials, Stretchers and Shrinkers, Developing Mathematical Processes, 

Individually Prescribed Instruction, and Unified Science and Mathematics 

for Elementary Schools. Only SMSG materials had been disseminated in 

more than half of the states. It is interesting to note that only 14% of 

the states had disseminated information about more than half of the mathe-

matics materials, compared to 36% of the states in social studies and 64% 

in science. 

Although 58% of the school superintendents indicated that federal 

support for curriculum development and dissemination has improved the 

quality of curriculum alternatives, only 27% believe that these efforts 

have improved the quality of instruction greatly. About two-thirds of the 



superintendents believe that continued federal support for curriculum 

development during the next decade is important, with 77% feeling 

that NSF should continue to help teachers learn to implement NSF-funded 

curricula and 55% believing that thé federal government should direct 

more attention toward dissemination'of new curricula. On the issue of 

whether or not federal support for curriculum development and dissemi-

 nation tends  to create a nationally uniform curriculum, school superin-

tendents are essentially evenly divided -- 47% agree, 45% disagree. 

Prior to 1976-77, 642 of the elementary schools and 71% of,the 

-secondary schools asked were using none of the listed mathematics cur-

ricular materials. In 1976-77, 92% of the elementary schools and 91%
of'the secondary schools indicated that they were using none of the listed 

curricular materials. Schools in the Northeast sector of the nation are 

significantly more likely to be using one or more of the federally 

funded curriculum materials than schools in the other three regions of 

the country. Schools in small cities and suburban areas are significantly 

more likely to be using one or more of the instructonal materials packages 

than those in urabn areas. Moreover, large schools are more likely than 

small schools to be using some federally funded.` curricular materials, 

schools in districts with high per-pupil expenditures are more likely 

to use federally funded materials, and schools with a very small per-. 

tentage of children who quality for federal free-lunch programs are sig-

nificantly more likely to be using these materials. 

Chapter 5. In Chapter 5 one finds more explicit data about textbooks 

and programs in mathematics used by the nation's schools. 

The most commonly used textbooks/programs by subject and grade are 

shown in tables, and in the appendix one finds a list of all the textbooks 

and programs which are being used by 2% or more of the classes in each 

subject/grade category. Uniformly across the grades from kindergarten 

through 12, the textbooks in use were more frequently seen to have a copy-

right between 1974 and 1977 rather than an earlier date. Between one-half 

and two-thirds of the mathematics classes in each grade are using text-

books/programs which have accompanying supplementary materials. The 

teacher's manuals which typically accompany elementary and secondary text-

books are the most extensively used of the listed supplementary materials. 

Two-thirds of the elementary teachers queried made use of teacher's manuals 



or teacher's editions of their mathematics textbooks. The next most 

popular supplementary material was the student workbook. In grades 

K-3 almost 60% of the classes used workbooks. In no other grade category 

vas workbook usage found in more than one-third of the classes. Except 

for grades K-3, roughly one-third of the mathematics classes utilized 

published testing materials. Thirty-six percent of the K-2 mathematics 

classes made use of manipulative materials which accompanied textbooks. 

No other grade range category showed usage in as many as 20% of the 

classes. 

With respect to the selection of textbooks/programs, principals, 

superintendents, and teachers were quite similar in their perceptions about 

who does the selection. All three groups agree that students, parents, 

and school board members have low involvement in this process. About 

half the principals indicated that they, themselvesp,are heavily involved 

in textbook selection; only 2% indicated lack of involvement. About 

half the superintendents indicated that principals are heavily involved 

in textbook selection. Elementary teachers were significantly more 

likely to indicate that principals are heavily involved in this process 

than were their secondary school counterparts, even though all groups 

were asked about the textbook selection process in their school district 

as a whole, not just in a specific grade range. District supervisors 

are heavily involved in textbook selection in about one-third of the 

schools and somewhat involved in about one-fourth of the remaining schools. 

All groups indicated that teacher committees and individual teachers 

are the groups most heavily involved in textbook selection. Only 3% 

of the schools indicated that individual teachers are not involved in 

textbook selection, while about two-thirds of the schools indicated that 

individual teachers are heavily involved. 

When teachers were asked to indicate the textbook/program they would 

use in mathematics for their classes, if given free choice, 63% of the 

mathematics teachers indicated they would choose the one they were 

currently using. Approximately one-fourth of the teachers indicated they 

would choose a different textbook/program. 

Chapter 6. In this chapter information about instructional techniques 

and classroom activities in mathematics classes was reported. 

Each teacher was asked a series of questions about instruction in a 



single randomly selected mathematics class; then each teacher was given 

a list of materials appropriate to mathematics instruction and asked to 

indicate the availability and use of each material. And, finally, 

teachers were asked to focus on the most recent mathematics lesson they 

had taught, and asked about instructional arrangements and activities 

used in that lesson. About half of all mathematics classes were re-

ported to include lectures "just about daily", while an additional'20% 

of the teachers indicated that leçtures were included at least once a 

week. On the other hand, 23% of the teachers indicated that they never 

used lecturing in their mathematics classes. The vast majority of this 

latter group were elementary school teachers. About 72% of the teachers 

indicated that lecturing was used in their most recent lesson. The range 

was from 58%, in grades K-3, up to 89% in grades 104412. Class discussion 

was the most popular instructional mode; 71% of the mathematics classes 

included discussions on a daily basis. Seventy-two percent of the mathe-

matics classes in the sample included chalkboard work at least once a 

Meek. Individual assignments were very common in mathematics classes;

59% of the classes included them daily. Thirty-nine percent of the 

mathematics classes included manipulative materials in their most recent 

lesson. While the percentage was much higher in K-3 (58%) than at higher 

grades, it is interesting to note that even at grades 10-12 approximately 

25% of the most recent lessons included manipulatives. Televised in-

struction, programmed learning, and computer-assisted instruction are 

infrequent or rare occurrences in mathematics classrooms. Except in 

grades K-3, the vast majority of mathematics classes included tests 

and/or quizzes; 62% of the classes included tests or quizzes once a 

week or oftener. Some 38% of the classes in grades 4-6 incorporate some 

sort of contract approach to teaching assignments; about half of these 

classes utilized the contract approach at least once a week. At other 

grade levels only minimal use of contracts was reported. Almost two-

thirds of the mathematics classes used teacher demonstrations at least 

once a week. Surprisingly, this compares with 38% of the science classes. 

Teachers reported that the percentage of time spent in various in-

structional arrangements in mathematics classes was as follows: entire 

class working as a group, 43%; small groups, 23%; students working indi-

vidually, 34%. The use of the small-group technique remained relatively 



Constant across grade levels, while the entire class as a group 

 increased in percentage as the grade level increased and individual 

 work decreased in percentage as the grade level increased. 

The only audio-visual device (exclusive of the chalkboard) em-

 ployed at least once a week in more than a very small percentage of 

the mathematics classes was the overhead projector. Frequent use 

was made of games and puzzles in mathematics classes up through grade 

9. In grades 10-12 there is a marked decrease in the use of such 

devices. The same pattern of diminishing use with senior high school 

classes is found with such materials as activity cards, kits, 

numeration and place valde manipulatives, rods or blocks, and the like. 

Chapter 7. Information about facilities, equipment, and supplies 

was collected from superintendents, principals, and teachers and reported 

here. 

There were two principle external sources of funds for mathematics 

instruction. One of these was funds available under NDEA titles (26% 

of the districts) and the other under ESEA titles (52% of the districts). 

Other federal, state, private foundation, and organization grants were 

few in number. A computer or computer terminal was available to 36% 

of the senior high schools, 16% of the junior high schools, and about 

72 of the elementary schools. Hand-held calculators were a more common 

item. The percentage of availability ranged from 28% at grades K-3 

up to 77% at grades 10-12. Mathematics laboratories were found most 

frequently at the junior high school level (31% of the schools). At 

other grade levels the frequency of availability of a mathematics labora-

tory ranged from 13% to 10%. In general, suburban schools were the 

best equipped, with urban schools in second place. Schools in small 

cities and rural areas appear to be the least well equipped. When asked 

about the availability of hand-held calculators, 77% of the teachers at 

grades K-3 indicated they were not needed, and 44% of those at grades 

4-6, 422 at grades 7-9, and 33% at grades 10-12 agreed. 

Chapter 8. Teachers were asked about their experience, training, 

and qualifications for teaching various subjects and about areas in which 

they felt the need for additional assistance. 

There was surprising uniformity in the average number of years of 

teaching experience among all categories of teachers. The average was 



12.2 years. The greatest deviation was among the senior high school 

teachers whose average was 11.2 years. About 50% of the teachers 

working in grades 7-12 had earned a degree beyond the bachelor's, while

34% of those teachers working in grades K-6 had done so. Almost 

as many individuals indicated that the last course for college credit 

taken was accomplished in 1976-77 as indicated that their last course 

was taken prior to that time. Ninety-five percent of the elementary 

teachers believe themselves to be adequately or very well qualified to 

teach mathematics; only four percent indicated that they felt nót 

well qualified to do so. (Essentially the same distribution of teachers 

_;was noted for the area of reading -- some 63% felt themselves to be very 

yell qualified and an additional 32% felt themselves to be adequately 

qualified in reading.) 

Although most educational placement directors and many people 

hiring. teachers are asking that individuals prepare to teach in more 

,than one subject, the data do not indicate that secondary teachers 

very often are required to do this. Seventy-six percent of the junior 

high school teachers and 85% of the senior high school teachers teach 

all of their courses within a single subject area. 

Eleven percent of the junior high school mathematics teachers and 

5% of the senior high school mathematics teachers feel inadequately 

qualified to teach one or more of their courses. The remainder, the 

overwhelming majority, do not feel inadequate for any of their assign-

ments. On the other hand, many teachers felt the need for aisiátance

in one or more areas in which they teach. For example, only about one 

out of four teachers indicated that there were no areas in which assts-

tance would be appreciated. Among the kinds of assistance most fre-

quently requested were: learning new teaching methods, obtaining in-

formation about instructional materials, implementing the discovery/ 

inquiry approach, and using manipultive or hands-on materials. A 

consistent result across all the grade ranges was that the large majority 

of teachers indicated they do not need assistance in lesson planning,
.teaching lessons, and maintaining'discipline. Two out of three teachers 

felt the need for assistance in obtaining information about instruc-

..tional materials, yet only one in three felt adequate assistance was pro-

vided in this area. Well over half of the teachers indicated a need for 



assistance in learning new teaching methods; about four out of ten 

are notcurrently receiving such assistance. About half of the 

teachers indicated they would like assistance in the use of manipu-

lative•materials and only 14% felt they were receiving an adqùate 

levelof assistance in this area. 

Chapter 9. Teachers, principals, district-level supervisors, and 

state supervisors were given a list of sources of information about 

new developments and asked to rate the utility of each. 

Teachers.were perceived as an important source of information by 

fellow teachers and, to a somewhat lesser degree, by principals and 

(with diminishing fervor) by district supervisors and state supervisors. 

Interestingly, principals felt that other principals were more impor-

tant sources of information than teachers. District and state-level 

supervisors did not feel that principals were an important source of 

information. Elementary teachers thought that subject matter coordina-

tors at the district level were more important to them than did secondary 

teachers. State supervisors were more inclined to rate local or dis-

trict supervisors       as an important source of information, while both 

principals and other local supervisors were somewhat less enthusiastic. 

State supervisors found other state department personnel to be very 

useful sources of information. On the other hand, very small percent-

ages of principals, district supervisors, or teachers considered state 

department personnel very useful.. Teachers rated college courses as . 

very useful sources of information. Principals and local. supervisors 

were somewhat less enthusiastic. Interestingly, those principals and 

local supervisors who were more concerned with secondary education 

felt that college courses were more useful sources of information

than did those working primarily at the elementary level. Very few 

state supervisors found college courses a useful source of information 

about new developments in education. In-service programs were more 

 valued by elementary than secondary personnel. Fewer principals and 

 teachers thoughtfederally-sponsored workshops an important source of

information. On the other hand, state supervisors were more likely to 

 rate such workshops useful. Very few educators consider teacher union 

meetings a useful source of information. Seventy-nine percent of the 

state supervisors in mathematics found professional meetings very useful 



as a source of information about new developments in education. Per-

 centages were lower for principals and district supervisors, and very 

 low for teachers. On the other hand, secondary teachers are signifi-

.Canty more likely than elementary teachers to rate professional 

coatings as very useful. Journals and other professional publications 

Mere considered very useful sources of information by many people in all 

categories. The trend was that state supervisors, district supervisors, 

principals, and teachers (in that order) rated such publications as very 

 useful. Within the teacher group, elementary teachers were least likely 

to find journals useful. There is a clear increase in the percentage:

finding journals useful associated with increase in grade range 'of 

mathematics teaching. One out of three state supervisors indicated 

that publishers and sales representatives were an important,source of 

information. For teachers, principals, and district-level supervisors, 

the percentages were substantially lower. 

Chapter 10. Teachers, principals, and supervisors were given a list 

of "problems" and asked to rate the seriousness of each one. 

The "problems" were generated from a list of factors which have 

potential for affecting instruction in mathematics. Neither the belief 

that mathematics is less important than other subjects nor compliance 

with federal regulations was considered a serious problem by any of 

the respondent groups. Fewer thaa 15% of the respondents in each cate-

gory felt that inadequate facilities was a problem for mathematics in-

struction. All respondent groups felt that insufficient funds for pur-

chasing equipment and supplies was a serious problem in mathematics 

instruction. Lack of materials for individualizing instruction in 

mathematics was considered a serious problem by 18% of the teachers and 

principals, almost half of the district-level supervisors, and over 60% 

of the state supervisors. The use of out-of-date teaching materials
ves not considered a problem in mathematics instruction nor was there 

afTinsufficient number of textbooks according to each category of 

respondents.  Lack of student interest in mathematics appears to be

dote of a problem in secondary schools than in elementary schools. Each 

'respondent group indicated significantly greater concern about this for 

.secondary students than for elementary students. Inadequate student reading'

 ability was a problem in the secondary schools, according to all the grouPe, 



questioned. For example, about one-fourth of the mathematics teachers 

rated this as a serious problem. Principals' and supervisors'

ratings were quite similar to those of teachers'. Lack of teacher 

interest in mathematics was not considered a serious problem, either 

in the elementary schools or the secondary schools. State supervisors 

of mathematics consider inadequately prepared elementary teachers to 

be a serious problem. However, elementary teachers do not share this 

opinion. Fewer than 10% of them rated inadequate teacher preparation 

a serious problem. Elementary teachers regarded lack of teacher 

planning time as a serious problem. It was significantly less of a, 

problem as perceived by secondary teachers. Principals tended to 

agree, as a group, with the teachers. However, district supervisors 

were not nearly so likely to consider lack of teacher planning time 

a serious problem. Inadequate time to teach mathematics was not con-

sidered a serious problem at any level. Teachers rate large class sizes 

as a serious problem with the percentages increasing as grade levels 

increase. Principals and supervisors do not perceive class size to be 

as serious a problem as do teachers. Fewer than 1O% of the teachers, 

principals, and district supervisors regarded difficulty in maintaining 

discipline as a serious problem for mathematics instruction. The most 

serious problem identified by state supervisors was inadequate articu-

lation of instruction across grade levels. Principals and district 

supervisors also consider articulation to be a problem, but not nearly 

as serious as state supervisors consider it. Only about 10% pf the 

teachers rate inadequate articulations as a serious problem. 

Evaluative Summary

The narrative portions of the Report amount to 166 pages. They arm 

followed by almost twice as many pages of appendices which include 

complete tabular presentations of the responses to all questions by all

troupe. What was abstracted above was based almost exclusively on data

which found their way into the narrative chapters. In short, there is

 a wealth of survey information on elementary and secondary mathematics 

 education in the United States in this Report. The Report is extremely 

valuable. Since the complete Report covers science and social studies 

as well, comparison data are readily available. These data are at least 



as usuful as the information about mathematics education per se. 

At-stated earlier, the sampling design meets the criteria of a 

probability same, and thús national estimates and estimates for 

rious levels may be inferred for each question. In a survey of this 

'Magnitude, it is always possible to take exception to the scope of the 

items included. Were unimportant questions asked? Were important

questions left unasked? In this case it would be meaningless to under-

take• such an exercise. The Report is one .of seven documents summarizing 

the state of pre-college mathematics, science, and social studies educa-

tiou in the United States. None of the individual documents, should be 

expected to be completely comprehensive. Taken as a whole, they provide 

 as comprehensive a review of mathematics education in the elementary and 

secondary schools of the United States as has ever been available. 



INTELLECTUAL DEVELOPMENT AND REVERSIBILITY OF THOUGHT IN EQUATION 
SOLVING. Adi, Helen. Journal for Research in Mathematics Education, 
v9 n3, pp204-213, May 1978. 

Expanded Abstract and Analysis Prepared Especially for I.M.E. by 
Leland F. Webb, California State College, Bakersfield. 

I. Purpose 

The purpose of the study was to investigate how students of dif-
ferent developmental levels would perform when solving equations that 
required repeated applications of different reversible processes 
called inversions and compensations. 

2. Rationale 

Solving equations is necessary•in many mathematical problems. The 
inability to solve equations correctly is common with many high school 
and early college students. Reversibility of thought is necessary in 
equation solving, and according to Piaget's theory two forma of rever-
sibility are applicable at the concrete operational level: (1) nega-
tions (inversions) and (2) reciprocities (compensations). If equation-
solving strategies are identified that require repeated applications 
of inversions or compensations (but not both mixed), then "success in 
learning these different methods of equation solving may be very much: 
dependent on the developmental stage of the learner." 

3. Research Design and Procedure 

The following hypotheses were tested: 

a."On reversal (inversion) equation solving, subjects at the early 
formal operational stage will perform at least 'as well as those 0. 
at the late concrete formal operational stage who will in turn
perform as well as those subjects at the early concrete opera-
tional stage. 

b. "On formal (compensation) equation solving, subjects at the 
early formal operational stage will perform at least as well as 

 those at the late concrete operational stage:who in turn will 
perform better than those subjects at the early concrete opera-

tional stage. 

c.  "Differences in mean performance scores between reversal and 
formal equation solving are greater for the early concrete
group than for the early formal group.'! 

Seventy-five      elementary education majors (6 males, 69 females) 
participated    in the study. Prior to the study all students had at least 
one mathematics course which contained a unit on solving equations. 
Using a 1S-item paper-and-pencil Piagetian task (developed by the



experimenter) involving keeping a balance beam in equilibrium, 
students were grouped into three developmental levels: (1) Early 
concrete operational thought (n - 37), Group IIA; (2) Late concrete 
operational thought (n - 26), Group IIB; and (3) Early formal opera-
tional thought (n - 12) , Group IIIA. The balance beam task was 
selected because it requires reversibility of thought. The coeffi-
cient of reproducibility of the test was established prior to its 
administration at .96. 

To measure proficiency, a fi`té-item pretest on equation solving 
was administered prior to the instructional treatment', but was later 
rejected because 68 of 75 students scored zero on the test. The ex-
perimenter used five fifty-minute instructional periods to teach 
three classes two objectives: (1) When an equation with one unknown 
occurring only once in the equation is presented, the student will 
find the solution by repeated applications of inversions; and (2) When 
an equation with one unknown is presented, the student will apply 
compensations to both members of the equation, determine a solution, 
and check to see if the solutions satisfy the given equation. Work-
sheets and exercises were provided during the instruction. 

A twelve-item posttest was developed, requiring students to solve 
six equations using inversions and six equations using compensations. 
The split-halves reliability of the test was .84. Data were analyzed 
by one-way analysis of variance. 

4. Findings

The average difficulty level on the first six items was .96 and for 
the second six items, .74. Success on each of the two methods was 
defined as correctly solving five of six problems. The computed 
coefficient of contingency between developmental levels and equation-
solving success was C - .23 (p < .05), which indicated a positive 
relationship between developmental levels and success in the two methods 
of equation solving. 

The ANOVA results on reversal equation solving of the three groups 
yielded a significant F-ratio (F [2,72] - 5.8, p < .01). Further 
analysis by pairwise contrasts indicated that Group IIB scored signi-
 ficantly higher than Group IIA. Similar results were found for the 
ANOVA results on'formal problem solving. 

A t-test was used to compare whether differences in mean performance 
scores between reversal and formal equation solving were equal for 
Groups IIA and ILIA. The difference was significant (t [47] - 4.32, 
p <.01). 

5. Interpretations 

The study supports the hypotheses tested: 

a. There is a significant positive relationship between the devel-
mental levels of learners and their performance on equation 
solving when different processes are applied. 



b. Subjects scored significantly better on reversal equation 
 solving than on formal equation solving. 

c. The results confirmed that the three developmental levels 
performed well on reversal equation solving. 

d.Performance of IIA subjects on formal equation solving was 
significantly lower than IIB and ILIA subjects. 

e.A significant t-value confirmed that for Group IIA reversal
equation solving was easier than formal equation solving. 
This did not hold true for Group ILIA. 

Critical Commentary 

This study seems to be well-constructed and carefully e5cecuted. 
The experimenter seemed to be quite careful about controls placed on 
the tests devised and the instructional treatment. Good validation 
procedures for the paper-and-pencil test and the equilibrium-in-a-
balance test (EBT) were used; it seemed appropriate to reject the
paper-and-pencil pretest because so many subjects received zeroes on it; 
and there appeared to be careful restrictions applied to the generali-
sability of the results in that the IIA, IIB, and ILIA categorization 
was assumed to be specific to the EBT test. 

There are, however, several methodological questions that might 
be raised, as well as a few questions regarding the use of the statistics:

(1)The experimenter indicated that data were analyzed by one-way 
analysis      of variance, yet the first table presenting data
(Table 2) uses a contingency coefficient which is a chi-square
analysis. 

(2)No significance level was mentioned when the hypotheses were 
stated. It appears that the .05 level was utilized, but all 
of the  levels of significance reported are .01 except one,
which is .05. To some this may seem a minor point; however, 
establishing a significance level in advance eliminates any

 further need for reporting levels of significance, and it also 
el tee the need for making determinations of,signif icance 

  "after the fact." 

(3)   It appears that a paper-and-pencil test with a diagram was 
  used for the EBT. Why wasn't an actual balance beam utilized?
This could have been explained.

(4) It isnot clear why the formal equational problems are more
difficult.      One can merely look at the problems and see that
they are more difficult; however, the experimenter does not 
indicate     if this was intentional or merely because the reversal 

equation-solving method does not lend itself to problems with
variables     on both sides of the equation. 



(5) It is interesting to note that there are three F-ratios 
that are identical, two of which have the same degress of 
freedom, F [1,72] - 7.1, and one which does not, F [2,72] as 
7.1. One might wonder whether this is coincidental, but 
it cannot be checked unless the individual scores are 
supplied by the experimenter. 

(6)The experimenter noted that "success on each method of 
equation solving was defined by correctly solving at least 
five equations out of six", and yet, in the subsequent para-
graph, she reported that mean performances are reported on 
a total of 60 points, with the following table reporting 
values such as 51.08, 58.46, and 53.85. The abstractor 
understands what was done in each of these cases; however, 
one wonders why there seem to be inconsistent methods applied 
in various situations. In the first case, percentages were 
used to calculate the contingency coefficient to determine 
whether a positive relationship exists between developmental 
levels and success on the two methods of equation solving. 
In the other case, the F ratios were calculated and the ab-
stractor assumes that a more accurate value was required. 

Two things seem apparent: (a) if a contingency coefficient 
is calculated to determine a relationship, it should be stated. 
that it will be used and the suggested relationship should be 
stated as an hypothesis; and (b) it appears more accurate tó 
consider the percentage of the total items correct for each 
method and each level, rather than considering five out of six 
as a criterion for each person and then counting the number of 
individuals reaching this arbitrary criterion. 

(7)Any reader should note that the number of individuals at each 
level varies greatly, that the standard deviations are not 
reported in Table 1 (and could have been done quite easily), 
and that for some of the F-tests the standard deviation of the 
group scores had to be zero (everyone received a perfect 
score of 60) or close to zero (58.46 and 58.33). One wonders 
what effect this had on the statistical results? 

(8)Rather than conduct a series of tests using analysis of 
variance, an interesting alternative would be to use the EBT 
as a predictor in equation solving, allowing the students to 
select the method of equation solving, and look for inter-
actions between level and method. This might be an alternative 
for future research. 

(9)Hypothesis 1, as stated, was not confirmed, because there were 
statistically significant differences between the three groups.

  Hence, all groups did not "perform at least as well." However,
'the experimenter implies this when she says in her conclusions 
that "It was theoretically expected to have the three develop-
mental groups perform well on reversal problem solving. The 
results confirm this expectation." What.does the experimenter 

 mean by "perform well?" 



(10) Much of the criticism outlined above is a result of the report 
of the experiment. As with the content of the study, a great 
deal of care also is required in writing the report to make it 
as clear as possible. Unfortunately, in the case of this 
report, the clarity of the presentation detracted from the 
uniqueness of the study itself. 



IMPROVING SKILL IN APPLYING MATHEMATICAL IDEAS: A PRELIMINARY REPORT 
ON THE INSTRUCTIONAL GAMING PROGRAM AT PELHAM MIDDLE SCHOOL IN DETROIT. 
Allen, Layman E.; Ross, Joan. Alberta Journal of Educational Research, 
v23 n4, pp257-267, December 1977. 

Expanded Abstract and Analysis Prepared Especially for I.M.E. by Edward 
J. Davis, University of Georgia. 

1. Purpose 

The authors had in mind to investigate the question "...whether 
skills in applying mathematical ideas can be improved by learning pro-
cedures which emphasize exposure to situations that are rich in oppor-
tunities for such application at levels of complexity appropriate for 
each learner." (p. 258) The context in which this general question was 
investigated asks the specific question: Does the experience of play-
ing EQUATIONS and studying an IMP (Instructional Math Play) kit improve 
students' computation test scores and scores on test items that require 
students to select appropriate operations and apply mathematical prin-
ciples taught in the IMP kit? 

2. Rationale 

It is not enough to be able to perform a given computation. Stu-
dents must also understand when it is appropriate or necessary to employ 
a given computation and be able to utilize principles associated with 
that computation. The principles related to the order of operations, 
commutativity, associativity, and the distributive property. The au-
thors state their experiences indicated two-thirds of those students who 
solve a computation problem fail to solve a corresponding application 
problem. 

3. Research Design and Procedure 

Five groups of eighth-grade students from an inner-city middle 
school were selected. Entire classes were placed as follows: 

Group Name Number of Classes Treatment (2 weeks between 
pre- and posttests--10 in-
structional days) 

I 1 IMP Kits (programmed in-
struction) used 5 of the 
10 days; EQUATIONS tourn-
ament for 2 days 

E 1 EQUATIONS played 5 of the 
10 days; no, instruction in 
IMP content 



Group Name Number of Classes Treatment (2 weeks between 
pre- and posttests--10 in-
structional days) 

TE 2 EQUATIONS played 5 days; 
teachers explicitly taught 
content in the IMP kits 

O 3 Regular class schedule fol-
lowed no EQUATIONS-no IMP 
material 

T 3 Regular class 5 days 
teacher led IMP instruction 
5 days 

Two-pretests were given: 

Test C-b (Computation - before) 
Test R-b (Recognition and Application - before) 

After the two-week treatment two posttests were administered: 

Test C-a (Computation - after) 
Test R-a (Recognition and Application - after)

.The following are given as examples of a C item and an R item respec-
tively (these are the only examples given): 

Computation: 

1. 6-(1-3)- ? 

Recognition and Application: 

A B C Yes No

$2. --136 8 

,By writing an X in the Yes or No column, indicate whether or 
not all of the numbers and operations in Column A. can be appro-
priately ordered and grouped (inserting parentheses wherever 
necessary) to form an expression equal to the number in Column
B. if your answer is Yes, write that expression in Column C: 

4. Findings 

(Total possible 21) 

Group XC-b XC-a XR-b XR-a

  I

7.70 9.26 3.39 6.78 



Group XC-b XC-a XR-b XR-a 

E 7.39 8.35 2.88 4.12 
TE 5.33 7.48 1.65 2.84 
O 4.31 4.74 0.83 0.95 
T 4.02 5.32 0.59 1.41 

The authors also report the following scores from the Stanford Arithmetic
Advanced Computation for 112 of the 237 subjects (this test was given 
approximately two years before the reported experiment was undertaken): 

Group Equations Non Equations 
Groups Groups 

All I E TE 0 T I+E+TE O+T 

E 112 22 14 25 23 28 61 51 

¡ 46.54 49.95 52.07 44.36 44.96 43.50 47.79 44.16 

5. Interpretations 

The authors made the following statement based mainly on R-a scores 
for all five groups and (R-a) - (R-b) figures for all five groups. 

This study provides strong support for the propo-
sition that skills in applying mathematical ideas 
can be improved by learning procedures that are rich 
in opportunities for such application at appropriate 
levels of complexity for each student. Interpreted 
most favourably, the results show that the combina-
tion of playing EQUATIONS over a two-year period 
and then working intensively with the IMP kits for 
two weeks enables students to apply mathematical 
ideas (in the sense studied"in this experiment) 
better than any of the other four sets of conditions 
do: better than just playing EQUATIONS alone, better 
than playing EQUATIONS and being 'taught explicitly 
by the teacher the 21 ideas presented in the IMP Kits, 
better than being taught the 21 ideas in an ordinary 
traditional mathematics class, and better than being 
in an ordinary traditional class without any special 

. teaching of the ideas - and, furthermore, better in 
each case by a highly conservative test at an extreme
level of significance (.0001). It should be acknow-
ledged immediately that there are some questions with-
respect to this most favourable interpretation which 

require further investigation.At the start of the
   experiment the IMP Kit group was clearly performing 

at a higher level of achievement than were the other 
. groups. This superior performance seems linked to 
their two-year experience in playing EQUATIONS.



The available evidence indicates that the EQUATIONS 
  and nonEQUATIONS groups were not different upon their 
entry to the seventh grade, but that after two years 
of different experience with respect to whether or • 
not they played EQUATIONS, the EQUATIONS group was 
significantly better in both computing with and ap-
plying these 21 mathematical ideas. (pp. 266-267) 

Critical Commentary 

 First it should be noted that we are dealing with mean scores from 
intact classes, and more importantly, that on tests of 21 items we have: 

Pretest Computation averages in á range of approximately 
4-8 
Posttest Computation averages in the range of approxi-
tstely 5-9 
Pretest Application averages in the range of approxi-
stately .6-3.4 
Posttest Application averages in the range of approxi-
mately 1-7 

Thus we are asked to base conclusions on achievement scores that 
are "low". This is not an uncommon happening in educational research 
but disturbing to this reviewer. I am suspicious of.the validity of 
any pretest and posttest combination wherein .the "best" group of stu-
dents average 3.39 and 6.78 out of a possible 21.0. This is the case
for group I on tests R-b and R-a on which rests the bulk of the inter-
pretation reported above. 

Second, it should be apparent to anyone familiar with the game 
,EQUATIONS that the sample R-type test item given is going,to be very 
familiar to groups I, E, and TE. If (and it apparently was) this is 
-the case, then groups I, E, and Te had a distinct "home court" advantage 
on tests R-b and R-a over groups 0 and T. 

Third, a question should be raised as to how familiar the teachers
of groups} TE and T were with teaching the content of the IMP kit (21
 ideas). Was this the first time these teachers had a chance to teach
the content? This is a relevant question eince`Allen and Rose claim 
students learn better from the kits of programmed lessons than from 
teachers. This claim is even more questionable when one realizes the
.kits are commercially available and undoubtedly have undergone develop-

ment, trial, and revision.

Eut far more.important is the question of how appropriate,. s it 
to claim superior performance for group I when it is-clear from the pre-
tests that group I (and groups I, E, and Te collectively ) was consider- 
ably more able at the beginning of the two-week experiment? It is not
entirely clear what the treatment is that the authors claim is having 
the effect. Do we have two-year treatments on each of the five groups
or do we have two-week treatments on each of the five groups? Their
conclusions indicate the former, but the confinement of instruction In' 



the IMP content to a two-week span with pretests and posttests at the 
outset and conclusion of this interval indicates that the two-week pe-
riod iscritical to_the study. If indeed we are to consider two-year 
treatments on each of five groups, then we need to know a great deal
more about what transpired in classrooms for the entire period and some-

: thing.about the teachers of these treatments. After all, a claim is 
 made that these groups were equal in,, computational ability two years 
earlier. Are we to conclude that the substantial (by the authors' ad- 
mission) differences between the groups on the computation and the ap-
plication pretests are solely the result of playing EQUATIONS for two 
years? Apparentlythis is the case. 

If we have a two-year study, then what were the treatments that 
gave us vastly different groups at the start of the two-week testing pe-
riod? If we have a two-week study, then how do we ignore the signifi-
cant differences in the groups at the outset of the study? In either 
case these problems make the study of questionable scientific value to 
this reviewer. 



DISTRACTORS IN NONVERBAL MATHEMATICAL PROBLEMS, Bane, Jack; Nelson, 
Doyal.Journal for Research in Mathematics Education, v9 nl, pp55-61, 
January 1978.

Expanded Abstract and Analysis Prepared Especially for I,M.E. by Cecil 
R. Trueblood, The Pennsylvania State University. 

1. Purpose, 

To investigate the effects of distractors in four different settings 
involving the same problem. 

2. Rationale 

Problem solving research, child development theories and research 
involving concept formation indicates that many children seem to exper-
ience difficulties in solving problems in "nonverbal" settings because 
of their attention to irrelevant aspects (distractors) present in the 
problem situation. Problem-solving researchers believe that clinical 
studies of individual subjects is a viable approach to investigate the 
role of distractors in young children's problem-solving behavior. 
Furthermore, they maintain that this approach should be used as precur-
sors to larger research efforts because the results will help fill in 
the gaps in the knowledge base concerning how children think when 
solving problems. 

3. Research Design and Procedure 

Four matched groups of four boys and four girls each were selected 
from each of grades one through three in a large, suburban elementary 
school in Edmonton, Alberta. The total number of children was 96. 
Each of the four groups at each grade level was randomly assigned to 
the problem in one of the following settings: 

(a) Three identical yellow toy trucks and 12 similar yellow toy 
cars (minimal distraction). 

(b) Trucks and cars as in the instance above; a factory building 
with parking area and road; a loading ramp; and three toy 
men-one near the ramp and one on the back of each of two 
trucks (situational distractions). 

(c)One yellow truck, 1 blue truck, and 1 red truck, all of the 
same shape; and 3 blue cars, 4 yellow cars, and 5 red cars, 
all. of similar size and shape (color-attribute distraction). 

(d) Three yellow trucks with six bays marked on the back of each 
of two of them and five bays marked on the other; 12 similar 
yellow cars (spatial-numerical distraction). 

These settings were based on the different types of distractions identi-
fied by Bourgeois (1976). 



Each child was presented with the problem individually. The sub-
ject was put at ease and familiarized with the setting. Then the 

experimenter said, "We want to load all of these cars onto the three 
 trucks. Every truck must take the same number of cars. How many cars 
 will be on each truck?" This was repeated once, then as often as 
 necessary to ensure that the subject understood, or in response to any 
`questions asked by the subject. When the subject gave a solution, the 
experimenter asked, "Are you sure that's right?" This question was 
repeated until the subject was committed to a solution., Then the exper-
imenter asked, "How did you know there would be on each truck?" 
The subject was then questioned further to determine the process used 
to arrive at his or her solution and to ascertain whether or not the 

 subject was distracted. The interview was recorded on a cassette tape
 recorder, and the behaviors were recorded by the experimenter on a data 
sheet. Each subject was allocated a score consisting of one point for 
each of the following: the use of a viable process, a correct solution, 
and confirmation of a correct solution. Thus each subject could score 
0, 1, 2, or 3 points. 

4. Findings 

Some children attempted the problems by manipulating the cars and 
trucks. Others did not. They gave only verbal responses. The manipu-
lative solvers were more likely (p<.005) to be. distracted than the 
verbal solvers. This was particularly true among the third graders of 
the students who attained maximum scores; only one-third attended to 
distractors. A two-way analysis of variance showed that the effects 
of grade level and problem setting were significant main effects. The 
"studentized" range statistic (Winer, 1971, pp. 185-187) was used to 
test for differences between means within categories. In Grade 1, all 
four groups found the problem to 'be relatively difficult, and there were 
no significant differences between means. In Grade 2, both the minimal 
and the situational distraction groups scored significantly higher than 
the spatial-numerical distraction group. Although,the four means in 
Grade 3 showed a similar trend to those of the second graders, the 
differences were not significant. For all three grades considered 
together, the group in the first problem setting scored significantly 
higher than the group in the fourth setting. 

An interview that focused upon the processes used by students to 
solve the problems was also analyzed. The analysis revealed that the 
majority of the third graders could explain the process used as being 
one of division or partition into equivalent sets, but few children 
in the other two grades could do this. In the case of spatial-
numerical distractors, many subjects simply stated that each truck 
should take five (or six) cars because there was room for five (or 
six) or because there should be one car in each marked bay. Subjects 
who were distracted by color wanted to match cars with trucks of the 
same color, but were generally unable to give a reason for this. 



5. Interpretations 

'The results of this exploratory study seem to indicate that distrac-
tors do affect the problem-solving behaviors of young children. 'Spatial .
and numerical distractors appear to be the strongest in the, type problems' 
,used in this study. The difficulty level of the problems vas a signifi-
cant factor. Interviews that focused upon the students : problem-solving 
 process suggest the distractors could be a function of. problem type and/
or the mode of representation. 

Critical Commentary 

This study demonstrates the type of information that can and should 
be collected using clinical-type studies of students' problem-solving 
behavior. The investigative procedures used are sound and the inter- 
pretations are accurate. In follow-up studies the authors should give 
consideration to the students' levels of cognitive development and how 
they interact with the modes of representation. Do concrete operational 
students respond differently than pre-operational students? In addi-
tion to collecting descriptions of the problem-solving strategies 
children use, the interviews should be used to ask students to justify 
why they use the strategies they select. 



INTEREST AND ITS RELATIONSHIP TO VERBAL PROBLEM-SOLVING. Cohen, 
 Martin P.; Carry, L. Ray. International Journal of Mathematical Edu-
cation in Science and Technology, v9 n2, pp207-212, May 1978.

Note:Although no reference is cited, this report is apparently   based 
on Cohen's doctoral dissertation, "Interest and Its Relationship 

to Problem-Solving Ability Among Secondary School Mathematics 
Students," at the University of Texas at Austin in 1976. 

Expanded Abstract and Analysis  Prepared Expecially for I.M.E. by Jeremy
Kilpatrick, University of Georgia. 

1. Purpose The purpose of the study was to examine the tendency for secondary
school students "to be more successful in solving verbal problems based 
on situations in which they showed some interest, than they were in 
solving verbal problems based on situations in which they ehowed little 
interest" (p. 207). 

The authors sought answers to the following two questions: 

"(1) Will there be a difference in the mean scores of the three 
verbal problem-solving tests? 

(2) Based on the knowledge of a student's interests alone, is it 
possible to predict at which type (context) of problem that 
a student will be most successful, as measured by a verbal 
problem-solving test?" (p. 209) 

2. Rationale Mathematics educators assume that motivation plays an important 
part in mathematics learning, and appeal to interests is regarded as one 
such motive. Although one might logically expect a substantial correla-
tion between an interest and the learning of mathematical content in the 
area of that interest, previous research attempting to link interest and 
verbal problem-solving ability has yielded inconsistent results. The 
lack of clear definitions of constructs may have contributed to the 
inconsistency; advances in measurement techniques, experimental design, 
and instruments may alleviate the problem. 

3. Research Design and Procedure 

The_Kuder General Interest Survey, Form E, was administered to 223 
eighth-grade mathematics students in the Waco (Texas) School District, and 
each student's score was calculated in each of three interest areas: out-
door, computational, and scientific. 

Three parallel forms of a 10-item problem-solving test were constructed.
In one form the context of the problem was outdoor activities, in a second 



it was computational activities, and in the third it was scientific 
activities. The only difference in parallel items across forms was to
be the context; they were to be as similar as possible in length, style
 of phrasing,€ verbal clues, vocabulary level, mathematical operations,
and computational difficulty. Problem difficulty was judged appropriate
by two eighth-grade mathematics teachers;context validity was judged = 

 by an educational psychologist; and parallelism was judged by -two 
mathematics educators. Reliability coefficients (KR-20) for the three 
forms were 0.76, 0.79, and 0.79, respectively.

The students were sorted by sex and randomly assigned to three 
troupe; each group was given one form of the problem-solving. test. 

4. Findings 

' Analyses of variance for the two sexes separately yielded no sig-
nificant differences (p - .05) in the mean scores on the three test 
forms. Multiple linear regression for the two sexes separately was 
used to test the parallelism of regression lines across test-form groups 
when scores on the test were regressed on each of the three interest 
scores, in turn. There was no significant difference (p - .05) in 
parallelism, suggesting no interaction between problem setting and 
interest area in the prediction of problem-solving performance. Second-
ary analyses of regression weights failed to yield predicted patterns. 

5. Interpretations 

The investigators were somewhat surprised not to find evidence that 
one could predict the type of context on which a student would be most 
successful from a knowledge of the student's interests. They suggested 
that interests may be weak predictors of problem solving, that the 
problem-solving forms may not have reflected the interest areas very 
well, and that the moderate reliability of the forms may have reduced 
their correlations with interests. 

The investigators noted that "many students were eliminated from 
the study for obtaining low scores on the verification scale on the GIS" 
(p. 212), and that for the remaining student,, who tended to have good 
scores on the California Achievement Test, interest may have played a 
negligible role in their performance. The investigators recommended 
additional work in developing problem-solving tests and better interest 
measures. 

Critical Commentary 

In constructing the parallel forma of the problem-solving test, 
Cohen and Carey made a commendable effort to equate the problems on 
various dimensions other than problem context, and they were sensitive 
to problems of validity. Unfortunately, they provide no sample problems 
in their report so the reader can see what sort of problems were used 



and can judge the equating process. Also, details of sample selection 
 and test administration are lacking, and the loss of an unknown part of 
the sample owing to low verification scores on the Kuder instrument 
ought to have been detailed and its effects evaluated. 

The Kuder was a poor choice for the study, not just because the 
 scales relate to vocational interests of questionable relevance to
motives for solving mathematics problems, but also because the Ruder. 
is notorious for presenting problems of score interpretation. For 
example. ary'percentile scores of 90 on the Outdoor Scale and 80 on the 
Computational Scale do not mean I necessarily have more of an outdoor 
interest than a computational interest, nor do they mean I have more of 
an outdoor interest than my classmate who has an 80 on the Outdoor 
Scale. These problems vitiate the elegant multiple linear regression
analysis of the data. 

It is difficult to understand Cohen and Carry's call for further 
research of this type using more refined instruments. Both the empiri-
cal findings and common sense suggest that although students' interests 
may relate to their choices of material for study and ultimately'to 
what they learn, interest in a verbal mathematics problem's context is 
not likely to account for much of one's ability to solve it. 



SEX-RELATED DIFFERENCES IN MATHEMATICS ACHIEVEMENT AND RELATED FACTORS: 
A FURTHER STUDY. Fennema, Elizabeth H.; Sherman, Julia A. Journal for 
Research in Mathematics Education, v9 n3, pp189-203, May 1978. 

Expanded Abstract and Analysis Prepared Especially for I.M.E. by Mary 
GracelKantowaki, University of Florida. 

1. Purpose 

To continue the study of cognitive and affective variables that 
influence males and females to learn mathematics at different levels. 
Cognitive variables include: computational skill, knowledge of concepts, 
problem solving ability, verbal ability, and spatial visualization. 
Affective variables include: attitude toward success in mathematics, 
mathematics as a male domain, perceived attitude of parents and teachers, 
effectance motivation, confidence, and usefulness. 

2. Rationale 

Several recent studies have suggested that the widely held belief 
of male superiority in mathematics is not as prevalent as had been 
believed and is, moreover, age-related. In earlier reported studies 
including only grades 9 through 12, the authors found that sex-related 
differences were found in only half of the school population sampled when 
the number of•years of studying mathematics was controlled. This research 
is a follow-up study designed to look at the same variables in the • 
feeder schodls for those used in the studies reported earlier. 

3. Research Design and Procedure 

A battery of tests was administered to 1320 sixth-, seventh-, and 
eighth-grade students in middle schools in Madison, Wisconsin that were 
the feeder schools for the population of the previous study. The sample 
included only students in the top 85 percent in mathematics achievement. 
The tests included the Romberg-Wearne Problem Solving Test, vocabulary tests 
from the Verbal Battery of the Cognitive Abilities Test, the Space Relations 
Test, Mathematics Concepts Test, Mathematics Computation Test, and the 
Fennema-Sherman Mathematics Attitude Scales. 

Means of the 15 measures were computed for males and females in 
each of the three grade levels and for each of four areas of the city. 
An ANOVA was performed on each variable, with sex, grade, and area used 
as sources of variance. Correlation coefficients between measures were 
computed for each sex and for the students combined over area and grade. 
A principal component factor analysis was also performed on all variables 
combined over area and grade. 



4. Findings 

Means and standard deviations for all measures were reported by area, 
sex, and grade, in addition to the usual F ratios of ANOVAs (Sex x Grade x 
Area, and Sex x Grade for each Area). Significant sex-related differences
vers found in only two affective variables, in each case "favoring" the 
males "Confidence in Learning Mathematics" and "Mathematics as a Male 
Domain." As expected, significant area effects were found for all vari-
ables, and significant grade effects were found for the cognitive vari-
ables. 

The results of the Sex x Grade for each Area data analysis showed 
the following: (1) significant differences in all areas for 'Mathematics' 
as a Male Domain"; (2) significant difference in Computation (favoring 
females) in Area 4; (3) significant differences in favor of males in 
Romberg-Wearne Application and Romberg-Wearne Problem Solving and for six 
of the eight affective variables in Area 3. Only the "Teacher" and 
"Effectance in Motivation" variables showed no significant sex differences 
in Area 3. 

5. Interpretations 

The findings "strongly suggest that there are no universal sex-related 
differences in mathematics learning." The authors note that the results 
of this study agree with the NAEP results of lack of differences in mathe-
matics achievement before age 17, but are in conflict with the NLSMA con-
clusions that males are superior on tasks of high cognitive complexity. 
They suggest that the heightened interest in women in mathematics in the 
interim years could be at least partially responsible for some of the 
differences in results found in NLSMA studies and in this one. 

One surprising result was the lack of significant difference in 
spatial visualization in males and females, a finding that would, if 
further substantiated, dispel the long-held belief that males are superior 
to females in spatial ability. 

A very interesting aspect of the discussion of results is the com-
parison of the findings of this study with those of the above-mentioned 
study in grades 9 through 12. This is particularly true where sharp 
differences were observed in the affective measures. Especially note-
worthy are the "Confidence in Learning Mathematics" and the "Teacher" 
variables and the relationship between these variables. 

Critical Commentary . 

The Fennema-Sherman studies are a valuable contribution to the search 
for reasons for the dearth of women in mathematics-related fields. More 
such well-designed and carefully conducted research is needed to provide 
hard data to substantiate hypotheses or to dispel popular myths. In addi-
tion to presenting status information, these studies provide a baseline 
with which to compare the results of future studies. 



A careful study of the tables and discussion suggests the following 
questions and comments: 

(1) How much a function of Madison, Wisconsin are the results? 
Although a socioeconomic mix does exist, any university town 
is an atypical sample. Comparative studies are needed. 

(2) What are the socioeconomic characteristics of Areas 1, 2, and 
4? It would help the reader to have some demographic infor-
mation on each of the areas since one purpose of such studies 
is to provide information to support hypotheses for probable 
causes of lack of participation and for achievement differences. 

(3) The lack of significant sex differences in the spatial test 
was an especially interesting finding in need of further 
investigation. Since it is generally accepted that more than 
one space factor exists, further substantiation of the findings 
with other measures of spatial ability are indicated. 

(4) Some of the graphs on page 199 of the article are misleading. 
A perusal of the table of means (pages 192-193) suggests 
some interesting discrepencies. The "Confidence in Mathematics" 
graph would lead the reader to believe that female confidence 
was consistently lower. In fact, this was not the case in 
four of the nine classes studied. Likewise, the "Usefulness 
of Mathematics" graph shows males consistently higher. Yet 
the means for females in five of the nine classes are higher. 
As the authors noted (page 198), great differences in favor of 
males expecially on the affective variables occurred in Area 3. 
These large discrepancies in one area could account for an 
inaccurate picture. 

(5) The high correlations between the students' confidence in 
mathematics and their perceived attitudes of parents and 
teachers toward them as learners of mathematics should provide 
hypotheses for further study. 



COMPARISON OF LECTURE AND LABORATORY STRATEGIES IN A MATHEMATICS COURSE 
POR PROSPECTIVE ELEMENTARY TEACHERS. Flexer, Roberta J. Journal for 
Research in Mathematics Education, v9 n2, pp103-117, Mardi 1978. 

Expanded Abstract and Analysis Prepared Especially for I.M.E. by Donald 
M. Biais and Douglas A. Grouws, University of Missouri-Columbia. 

1. Purpose 

The purpose of this study was to evaluate the effectiveness of a 
laboratory approach to instruction by comparing it with a lecture 
approach in a mathematics course for prospective elementary teachers. 
Effectiveness was operationally defined using measures of achievement,
attitude, and student teaching performance. 

2. Rationale 

Often cited advantages of the laboratory method include its impact 
on achievement and its potential for improving attitudes toward mathe-
matics. For the most part such claims have not been substantiated by 
empirical evidence, although there is some research support for using 
the laboratory method with slow learners. The review of the literature 
included five recent studies of the effectiveness of the laboratory 
strategy in mathematics courses for prospective elementary teachers. 
The results from these studies were inconclusive. 

3. Research Design and Procedure 

The sample was composed of four classes (n - 90) of preservice 
teachers in a "Structure of the Number System" mathematics course. 
The classes met as usual except during the three two-week treatment 
periods. Each class was randomly divided into an experimental and 
control group which met separately during the treatment periods. 
Each instructor used the lecture method with the control group from his 
or her own section and taught the experimental group from another sec-
tion using the laboratory method. Thus, there was a total of four 
experimental and four control classes during each treatment period. 
The topics covered during the treatment periods included sets, non-
decimal bases, rational numbers, and functions and relations. 

In the lecture strategy, content was presented in an expository 
manner although questions were discussed and dialogue encouraged. 
In the laboratory strategy, students worked in small groups using 
written exercises and worksheets to guide their use of manipulative 
materials (attribute blocks, abaci, pattern blocks, cubes, and geo-
boards) and to lead them to synthesize the concepts under study. 
The role of the instructor was to help with problems, answer queries, 
and pose leading questions. 



."Dependent measures used in the research included an hourly examina-
tion given after each of the three treatment periods, a final examination 
given at the end of the course and reused six months later to assess 
retention, an attitude scale (Aiken-Dreger Revised Mathematics Attitude 
Scale) administered at the beginning and end of the course, three sub-
teats formed from the final examination by pooling the items related to 
the content covered during each treatment period, and the sum of these 
subteata. 

Two statistical designs were used. The first design involved a 
three-Tway ANCOVA on each dependent measure using teaching team, instruc•. 
tor, and method (lecture or laboratory) as independent variables. The 
covariates in each case were rank in high school class, grade point 
average, number of mathematics courses, SAT (Mathematics) scores, and 
attitude pretest scores. The second design was analyzed using a two-way 
ANOVA on achievement scores that examined the interaction between three 
levels of mathematical ability (determined by SAT scores) and the two 
instructional methods (laboratory and lecture). 

A follow-up study was carried out to determine if there was an 
interaction between the treatments and student teaching performance 
as measured by a Likert-type questionnaire. 

4. Findings 

Analyses of the achievement data showed no significant differences 
between the laboratory and lecture strategies and no interaction effects 
with ability. Positive changes in attitudes were reported for both 
methods but favored neither group. The instructional strategy to which 
students were exposed, under the conditions of this study, did not 
influence student teaching performance. 

A course evaluation questionnaire given to the experimental group 
(n - 38) showed that 36 percent preferred to have the material pre-
sented by the.laboratory method, whereas 48 percent preferred lectures. 
Also, many students (49 percent) felt that working with concrete 
Materials made learning mathematics easier. A majority of the students 
(68 percent) felt the laboratory exercises helped their understanding 
of mathematical topics, while most (90 percent) thought the laboratory 
exercises gave them ideas for presenting mathematical concepts in 
elementary school. 

S. Interpretations 

Experimental and control groups did equally well; each appeared to 
have learned the same body of information as measured by the instru-
ments used. On this basis, the researcher concluded that the labora-
tory approach should be regarded as a viable and reasonable alternative 
to the traditional lecture approach. 



Two interpretations were suggested to account for positive changes
  in attitude towards mathematics. Both methods are effective in causing
 a positive change or the instructors were capable of changing attitudes 
irrespective of method used. The author suggests that given reasonably-
good teachers either a lecture strategy or a laboratory strategy can 
produce positive gains in attitude toward mathematics,-

The instructional strategy to which a student vas exposed in a 
preservice mathematics course did not influence performance in teaching

,mathematics as a student teacher. The author points out that this con-
'elusion should be considered only tentative considering the limitations
 involved. These include the fact that one to three years elapsed 
between treatment and student teaching and the lack of standardized 
instruments available to measure teaching ability in mathematics. 

Critical Commentary 

The topic chosen for research is an important one, Past research, 
however, has seldom been able to furnish consistent empirical evidence 
supportive of a particular teaching methodology. This does not imply 
that superior methodologies do not exist, but it does suggest that if 
one teaching strategy has advantages over another, then these advan-
tages can be expected to be difficult to demonstrate and measure. 
Hence, powerful experimental treatments which tend to maximize hypothe-
sized differences should be employed. The relatively short treatment 
period in this study could hardly be expected to produce the differ-
ences hypothesized. 

Other limitations and information not included in the article raise 
other questions and issues. Was there a theoretical basis for the 
development of the laboratory activities or was a random collection of 
"hands-on” activities used? Were the ideas of perceptual and mathemat-
ical variability employed? Were activities presented in series and 
parallel modes (as suggested by Z. P. Dienes)? No indication was given 
about the quality of the treatment or the extent to which the treatment 
was implemented. How much difference did it make that the instructors 
had no previous exposure to or experience with the laboratory method? 
Does "three two-week periods" mean 18 one-hour sessions? How much of 
this time was used for testing? 

The long interim period (from one to three years) between the treat-
ment and student teaching must be considered a serious limitation of the 
follow-up study. Student experiences during this period should be 
expected to reduce substantially differences between the control and 
experimental groups. Notable in this respect was the fact that during 
the interim period each student was enrolled in a mathematics course 
and a methods course which emphasized the use of manipulatives. In the 
future it may also be helpful if follow-up'studies of this type make a 
distinction between ability to use and willingness to use a particular 
method. 



CHILDREN'S, CONDITIONAL REASONING: PART I: AN INTUITIVE APPROACH TO 
THE LOGIC OF IMPLICATION. Hadar, N.; Henkin, L. Educational Studies 
in Mathematics, v8 n4, pp413-438, December 1977. 

CHILDREN'S CONDITIONAL REASONING: PART II: TOWARDS A RELIABLE TEST 
OF CONDITIONAL REASONING ABILITY. Hadar, N.; Henkin, L. Educational 
Studies in Mathematics, v9 nl, pp97-114, February 1978. 

CHILDREN'S CONDITIONAL REASONING: PART III: A DESIGN FOR RESEARCH ON 
CHILDREN'S LEARNING OF CONDITIONAL REASONING AND RESEARCH FINDINGS. 
Hadar, N.; Henkin, L. Educational Studies in Mathematics, v9 nl, 
pp115-140, February 1978. 

Expanded Abstract and Analysis Prepared Especially for I.M.E. by John W. 
Gregory, University of Florida. 

1. Introduction 

The investigation under review has been extensively reported in 
three articles (referenced above). The first article details the 
development and implementation of an experimental, instructional 
treatment, the intent of which was to improve student conditional 
reasoning ability. The second article discusses the development of 
the research instrument used to measure children's conditional reason-
ing ability. Particular emphasis of the article is placed on diffi-
culties inherent in establishing a reliable instrument for measuring 
conditional reasoning ability. The third article presents analyses 
techniques employed to dtermine the effectiveness of the instructional 
treatment and discusses the findings and implications relative to 
elementary mathematics education. 

This review will be presented in the typical research format and 
sequence although this does not reflect the same sequence employed in 
the original articles. It is hopeful that examination of elements in 
the original papers identified by this review may be made on the basis 
of the article descriptions given above. 

2. Purpose 

Several investigators have provided information relative to the 
logical reasoning abilities of children, their growth and development as 
well as identification of particular logical forms which provide most 
difficulty. Some of these same investigators have sought to enhance 
logical reasoning abilities of students through instruction in the 
application of symbolic,syntactical algorithms of logic. The investi-
gation under review sought to enhance conditional reasoning in 
particular through an instructional unit which was void of the usual 
algorithms. Instead of teaching formal logic, the unit sought to teach 
informal, intuitive application of conditional reasoning rules. Speci-
fically the investigation sought to "increase student awareness of the 
existence of non-valid as well as valid conclusions, and to change 



student initial inability to separate out those cases in which given 
information was insufficient to necessitate a certain conclusion"
(p. 416). 

Hypotheses

  The following hypotheses have been inferred from the three 
articles: 

(a) Subjects in the experimental group will show significant 
growth in conditional reasoning ability between pretest 
and posttest measures. 

(b) There are significant differences between the experimental. 
and control groups in growth of conditional reasoning 
ability from pre- to posttest.

(c) There are no significant differences between pre- and post-
test performance of the experimental group on items differing 
in logical form. 

(d) There is no correlation between growth in conditional reason-
ing ability and performance on the Stanford Achievement Test 
or sex. 

3. Population and Sample 

Four elementary school teachers who had received a 12.-hour pre-
training workshop given by the investigator, and four additional 
elementary school teachers from a different school led to the 
identification of the sample. The four fifth-grade classes of the 
pretrained teachers constituted the experimental group; the other four 
fifth-grade classes comprised the control group. Selection of subjects 
and assignment of treatments to classes was not random. 

A final sample of eight classes totaling 210 students (104 exper-
imental, 106 control) who had taken both pre- and posttests was 

achieved in this manner. 

4. Procedures 

The four experimental classes received a unit of instruction in 
the process of making valid deductions. This experimental unit is 
described below. The instruction was presented four to five times per 
week totaling 23-25, 30- to 40-minute sessions. The instruction was 
provided by the regular teachers who had received workshop training 
concerning the logic of conditional reasoning using the experimental 
unit materials. The preparation of teachers of the control group and 
the content of instruction over the same five-week period for the 
control classes is not described. 



Prior to, and following the period of time during which the experi-
sental unit was presented to the experimental group, the same investigator-
prepared instrument (described below) was administered to both experi-
mental and control groups. Two mixed order versions of the same test 
were used at each administration,which lasted from 20 to 25 minutes 
although no time limit was established. 

5. The Experimental Unit 

A description of the experimental unit can be found in the first 
research article. This description is quite complete relative to excerpts 
from the materials themselves as well as with_regard to the basis of the 
material development. 

In brief, the unit consisted of seven chapters. Each chapter was 
comprised of teacher/large group activity during which material was 
introduced and discussed followed by small group activity. (6-8 students). 
These materials reflect the pre-established guidelines which included: 

(a) Algorithms for applying principles of conditional logic are not 
presented. Generalizations equivalent to these principles were 
to have been discovered, but it was not expected that subjects 
would be able to express such discoveries verbally. 

(b) The unit should lead students to recognize the syntactical and 
semartical differences between a conditional sentence and (1) its 
converse, and (2) its inverse. 

(c) The unit should lead to recognition of tOe logical equivalence 
of a conditional sentence and 1) its contrapositive, and 2) the 
compound sentence 'p-and-q or p-and-not q or not-p-and-not-q' 
(more simply p—q negates p-and-not-q) . 

(d) The four logical forms of affirming the antecedent (AA), deny-
ing the consequent (DC), affirming the consequent (AC), and 
denying the antecedent (DA) are presented together rather than 
one case at a time. Note that this means presented in the 
sense of being inherent in the materials,not necessarily being 
presented formally as different forms, even in name. 

(e) The development of conditional reasoning ability should be at 
the intuitive level,dealing only with content that does not 
contradict everyday experience and makes sense to the popula-
tion receiving the instruction. 

6. The Measuring Instrument 

A 32-item test was developed which consisted of four 8-item sets 
reflecting the four logical forms (AA, DC, AC, DA). Each set consisted 
of four pairs of items differing in use of negation in the conditional 
premise: 1) no negation in either the antecedent or the consequent (PP); 



2) negation in the consequent only ()'N); 3) negation in the antecedent 
only CRP)`; and 4) negation in both antecedent and consequent (VAC). 

Each item started with a conditional sentence followed by a state-
ment of Its antecedent, consequent,or one of these denied. These two 
premises were labeled as "clues a and b." The item was completed by 
the word "question" followed by a question related to the two premises 
for which a conclusion of "yes" or "no" could be determined (AA and DC) 
or for which only "not-enough-clues" should be selected (AC and DA). 
Responses were to be made as a choice from among "yes," "nor and "not 
enough clues" (specific manner of choice identification is not 
described). 

Particular concerns and problems encountered in the development of 
a conditional reasoning test are raised and, for the most part, rationale 
is presented for decisions made relative to logical form, use of negation, 
content inclusion, statement of questions,and other item format qualities. 

'One major basis for decisions made in constructing the instrument in this 
study was concern for keeping item content meaningful to the fifth-grade 
subjects. For example, taking a conditional      sentence and forming all 
sixteen structures (4 logical forms crossed   with the 4 uses of negation) 
leads to difficulty in terms of maintaining equally meaningful content, 
in the opinion of the investigators. Thus it was decided to begin each 
of the 32 items with a new conditional sentence. Meaningful content as 
defined by the investigators means the content is easy to picture, is 
familiar and is not contradictory to the experiences of the subjects, 

Even the use of the answer choice "not-enough-clues" is explained on 
the basis of psychological differences between indicating "can't tell," 
"maybe" and "not-enough-clues." Investigators desiring to construct sim-
ilar tests should become familiar with the bases of decisions which led 
to the construction of the instrument used in this investigation., 

A split-half reliability formula was applied to pretest total scores 
of the 210 students,yielding a 0.79 reliability coefficient. 

7. Results 

Very briefly stated, the results were: 

(a) Experimental and control groups were found to be equivalent 
with regard to profiles of yes/no/not-enough-clues answers 
to identical items on the pretest (using Chi-square test), 
and with regard to Stanford Achievement Test performance. 

(b) Subjects in the experimental group showed significant growth 
from pre- to posttest performance only on items for which 
"not-enough-clues" was the correct response (logical forms 
AC and DA). Analysis was achieved through application of 
Bowker's test on each combination of pretest and posttest 
performance levels (low-average-high). 



.(c) ,Experimental subjects showed significantly more gain than the 
control group from pre- to posttest performance on AC and DA 
items. Analysis was achieved through application of Chi-square 
on distributions of performance level combinations (above) and 
ANOVA of mean-gain scores of the two groups. 

(d) No significant correlation vas found between experimental group 
conditional reasoning test performance or gain and sex or Stan-
ford Achievement Test scores. 

Correlation coefficients computed between 1) sex, S.A.T. sub-
tests, and 2) logical form performance on pretest and posttest 
and gain scores. 

Analysis of responses for the four logical forms is also presented 
in the last article. Attitudes of students and teachers toward the 
instructional unit are also discussed. 

8. Interpretations 

Results of the study call for further investigation of the value and 
usefulness of teaching logic as part of the elementary mathematics curri-
culum. Particular concern should be given to development of teacher-
implementable units in intuitive logic for grades lower than grade 5 which 
focus on a variety of logical patterns which are more adequate for mathe- 
matical argument. Changes in the college preparation of prospective 
teachers, transferability of training in mathematical logic on the part 
of students and comparison of concentrated training versus training 
spread over time should also be investigated. 

Critical Commentary 

This well-conducted investigation provides particularly fruitful 
information to the literature domain of conditional reasoning ability 
due to the completeness of the report. Descriptions of materials and 
instrument construction will be especially helpful to other investi-
gators of logical reasoning abilities. 

Reading of the complete three-part report does lead to some ques-
tions which may be beneficial to further investigations. These 
questions include: 

1) In determining the efficacy of a particular instructional 
unit, might evaluation of unit content be better achieved in 
relation to other units rather than the application of a 
treatment/no treatment design? For the study under review 
one thing shown is that students who are taught correct 
responses to conditional reasoning items perform better than 
students who are not taught. The content of the unit was, ill 
some cases, identical in format to the test items._ The study 



doesshow that fifth-grade students can learn certain forms of
 mathematical logic by intuitive means, something which others 

  have failed to show by teaching formal logic. This is a fine 
 contribution to the state of knowledge. 

Comparing different instructional units with the same inten-
  tional outcome might also reduce possible Hawthorne effect.

2) Might investigations employing a case study approach provide
 additional helpful information relative to the learning pro-
 cess itself with regard to logical reasoning development?

 Decisions with regard to statistical treatment of data such 
as those made in the study under review are always difficult • 

    to make. Under a case study approach, interpreting continuous 
 data presented as discrete data, computing reliabilities for 
subtexts as well as the total test, determining when and when 
not to use raw gain scores or when percentages of students in 
each group scoring particular percentages on the tests is a 
valid treatment of data,all can be elimrnated thus enabling'" 
an investigator to focus more on the individual's interaction 
with the material. 

3) In the evaluation of any instructional unit, enóugh research 
evidence is available to at least consider differences in the 
qualities of verbal interaction patterns employed in the 
delivery of that unit. Might there have been particular 
qualities in the verbal behaviors of the teachers who received 
training in logical reasoning which were not only different 
from the teachers not receiving training but which also led 
to the richness of instruction in all areas of the fifth-
grade curriculum beyond the unit on logic? 

4) Might analysis of performance on items involving negation 
yield information relative to difficulties incurred by the 
students? Negation has been identified by other investiga-
tions as being a source of difficulty on logical reasoning 
test performance. If the experimental unit was found to 
reduce the level of difficulty associated with items involv-
ing negation, this alone would be a significant finding. 



CONSTRUCTION AND VALIDATION OP AN INSTRUMENT MEASURING CERTAIN ATTITUDES 
TOWARD MATHEMATICS. Michaels, Linda A.; Forsyth, R. A. Educational 
and Psychological Measurement, v37, pp1043-1049, Winter 1977. 

Expanded Abstract and Analysis Prepared Especially for I.M.E. by Lewis R. 
Aiken, University of the Pacific. 

1. Purpose 

This study was designed to develop paper-and-pencil instruments to 
measure four facets of attitude toward mathematics: Enjoyment of Word 
Problems (EW), Enjoyment of Pictorial Problems (EP), Appreciation of 

.the Utility of Mathematics (U), and Security with Mathematics (S). 
Evidence pertaining to the reliability and validity of these scales 
was also collected. 

2. Rationale 

Paper-and-pencil instruments designed to assess attitudes toward 
mathematics have been mainly of the single-score (hodgepodge) type, 
with a few efforts being made to develop multidimensional inventories. 
It is suggested that diagnosis of students' specific problems with 
mathematics would be more effective if reliable and valid measures of 
several facets (dimensions) of attitudes toward mathematics were avail-
able. 

3. Research Design and Procedure 

Three attitude inventories were constructed to measure four facets 
of attitude toward mathematics in seventh-grade students. The U and S 
scales, each consisting of ten Likert-type (Very Important, Fairly 
Important, Barely Important) items, were designed to measure Apprecia-
tion of the Utility of Mathematics (U) and Security with Mathematics 
(S). Each of the twelve items on the third inventory consisted of two 
parts. On the first part of an item, the examinee was directed to 
choose between a word problem and a figural (pictorial) problem. On 
the second part of the item, the examinee indicated how difficult the 
choice was and whether the choice was easy or difficult to make. 
Scoring of each item on this third inventory was quasi-ipsative, in that 
the examinee was assigned scores on two variables--Enjoyment of Word 
Prbblems (EW) and Enjoyment of Pictorial Problems (EP). Depending on 
his or her answer to the item, the examinee received a score of one 
point on either scale and zero on the other, one point on each scale, 
or zero points on both scales. After being administered initially to 
a small group of seventh graders, the scales were modified slightly and 
then administered to 299 seventh graders. Split-half reliability co-
efficients for the four scales and correlations of the four measures of 
attitude with students' self-ratings on the, four constructs skills were 
computed. Correlations of the four scales with three-part scores on 
the Iowa Tests of Basic Skills were also obtained. 



4. Findings 

The reported split-half reliabilities of, the four scales ranged 
from .51 to .78, and correlations with self-ratings on the same con' 
cepts ranged from .11 to .25. Four of the correlations between the 
Your attitude measures and the three ITBS part scores were small but 
statistically significant (.16 to .28), three of the four being corre-
lations between ITBS scores and the Security with Mathematics (S) scale. 

5. Interpretations 

The findings are interpreted as supporting the multidimensional 
nature of attitude toward mathematics and as providing some evidence 
for the reliability and construct validity of the four attitude 
measures. The writers view the correlations between the scale scores 
and self-ratings as promising evidence of the validity of the scales.
The fact that S-scale scores also had statistically significant corre-
lations with ITBS part-scores was considered to be additional evidence 
for the validity of the S scale. 

Critical Commentary 

Several good points are made in this paper, among which is the 
need for reliable multidimensional measures of attitude. It is also 
worth noting that greater objectivity of measurement could be obtained 
by making these multidimensional attitude scales behaviorally oriented 
--rather than feeling-oriented, as in the EW-EP scales of the present 
study. Finally, the reviewer agrees that the criteria used in study-
ing the validities of such attitude inventories should not be limited 
to measures of achievement in mathematits. 

There are several difficulties that make this study fall somewhat 
short of well-designed investigations of attitudes toward mathematics. 
The assertions that single-score instruments are "unidimensional” 
(p. 1044) and the incomplete descriptions of procedure are minor 
faults, but a major problem of the study is the instruments themselves. 
Although the subjects were seventh graders, ten-item scales and three-
point Likert-scale items are still too abbreviated to expect substan-
tial reliability and validity coefficients. Also, serious statistical 
problems exist in using correlational techniques with ipsative (forced-
choice) measures such as the EW and EP scales. These scales would also 
be expected to have a narrower band width but greater fidelity than the 
U and S scales, so U and S should correlate with a wider range of 
criteria. The investigators, however, entirely neglected this point. 
Other shortcomings pertain to the restricted nature of the sample 
(predominantly urban middle-class white seventh graders) and the low 
split-half (?) reliability coefficients. The question mark refers to 
the reviewer's concern as to why the investigators used split-half 
rather than alpha coefficients with multipoint items. 



Regarding the construct validation of the scales, even the largest 
coefficients in Table 1 are unimpressive and certainly not practically 
significant. Incidentally, a coefficient of .11 based on 247 cases is 
not statistically significant. The investigators are to be encouraged 
for approaching the matter of validity from a multitrait-multimethod 
matrix standpoint, but much more empirical work remains to be done 
with these scales before they can be declared superior to single-score 
instruments of greater length but also greater reliability and validity 
than the EU, EP, U, and S scales. 



STRATEGIES USED BY FIRST-GRADE CHILDREN IN ORDtING VARYING NUMBERS OF 
OBJECTS BY LENGTH AND WEIGHT. Smith, Edward L.; Padilla, Michael J. 
Journal of Research in Science Teaching v14, pp461-466, 1977. 

Expanded Abstract and Anlysis Prepared Especially for I.M.E. by Thomas 
P. Carpenter, The University of Wisconsin-Madison. 

1. Purpose 

The primary purpose of the study was to identify the strategies 
used by first-grade childien to perform seriation tasks for length and 
weight. The study also examined the relative difficulty of length and 
weight seriation tasks and the effect of the number of objects to be 
ordered on children's seriation performance. 

2. Rationale 

Smith has proposed a descriptive framework for conducting research 
on transfer within which specific effects of the concepts involved, the 
tasks to be performed, and the strategies by which the tasks might be 
carried out are assessed. A central assumption of this paradigm is that 
learners can acquire systematic strategies for performing a given task 
and that such strategies will transfer to related concepts and more com-
plex tasks. This study fits within this framework by attempting to dem-
onstrate that children do in fact possess systematic strategies that 
they apply to a variety of problem situations. 

The specific content of the study is derived from Piaget's research 
on children's seriation concepts. But whereas Piaget is concerned with 
children's misconceptions and what their errors imply about the develop-
ment of logical reasoning processes, Smith and Padilla focus exclusively 
on the characterization of correct seriation strategies. 

3. Research Design and Procedure 

The sample consisted of 96 first-grade children randomly selected 
from four elementary schools. Each subject seriated one set of objects. 
Between subjects, problems differed with respect to the seriation vari-
able (length and weight) and the number of objects to be seriated (four, 
six, eight, and ten). Thus, there was a total of eight seriation prob-
lems, each of which was administered to 12 subjects. The length seria-
tion tasks involved comparisons of 3/8-inch dowels that varied in length 
from 9 to 16 cm; in the weight seriation tasks, styrofoam cups filled 
with different quantities of paraffin and lead shot to produce weights 
ranging from 10 to 2100 g were compared by hefting. 

Based on the results of pilot studies and an earlier study by 
Baylor and Gascon (1974), two primary strategies were identified. The 
Extreme Value Selection (EVS) strategy involved placing the unordered 
object with the greatest value next in the sequence. The Insertion (INS) 



strategy involved placing randomly selected objects in their appropriate 
place in the sequence. A third strategy, which involved successive re-
arrangements of partially ordered sequences, has been observed mainly 
with adults and did not figure prominently in this study. 

For each subject, a Task Score was derived by correlating (Kendall 
Tau) the rank of each object in the subject's series with its true rank. 
For subjects whose task score was greater than .70, solution strategies 
were inferred from the order in which objects were selected to place in 
the series and the position in which they were placed. 

A 4x2x4 factorial design was employed in which the factors were 
number of objects, problem type, and school. A three-way analysis of 
variance was used to test for differences due to number of objects and 
problem type. 

4. Findings 

Fifty subjects had Task Scores greater than .70. Of these, 39 
used identifiable strategies. The EVS and INS strategies were used 
with approximately equal frequency for length (10 and 12 subjects re-
spectively), but only three subjects used the INS strategy for weight 
while 11 used the EVS strategy. These differences were not found to 
be statistically significant at the .05 level using a chi-square test. 
Length seriation tasks were significantly easier than weight seriation 
tasks (p <.0001), but differences due to the number of objects to be 
seriated did not approach significance. 

5. Interpretations 

The authors conclude that basic seriation strategies are relatively 
stable across both problem type and number of objects. They propose 
that the most important implication of these results is the viability of 
strategy as a construct in educational theory. The fact that even young 
children use systematic strategies suggests that strategy instruction 
may be practical. 

Critical Commentary 

The general goals of this study in science education are consistent 
with a promising trend in research in mathematics education of focusing 
on children's problem-solving strategies and the processes they use in 
performing mathematical operations. This study might have benefited by 
employing procedures that are gaining acceptance within mathematics edu-
cation research. The attempt to establish standard criteria for identi-
fying given strategies resulted in seemingly arbitrary and artificial 
critbria. Using think-aloud protocols, asking subjects to explain their 
solutions, or carefully analyzing videotapes would provide a richer de-
scription of children's solution strategies than simply recording the 
order in which objects are seriated. There is undoubtedly variation 



within each basic strategy in terms of trial and error, use of transi-
tivity, etc.: a great deal is also lost by only considering correct 
solutions. There is substantial evidence that children frequently use 
systematic strategies even when they generate incorrect solutions. A 
careful analysis of these strategies can provide valuable insights and 
a better understanding of how correct strategies develop and are applied. 

The authors' conclusion that basic seriation strategies are stable 
across problem type is unfounded, based on their evidence. Four times 
as many subjects used the INS strategy with length as used it with weight. 
The fact that these differences were not found to be significant very 
likely results from lack of power of the statistical test. It is cer-
tainly inappropriate to accept the null hypothesis in this case. Further-
more, a repeated measures design in which individual subjects reviewed 
several seriation problems would be more appropriate to test stability 
of strategies over problem type. The between-subject design does not 
test whether a given child will use the same strategy in different prob-
lem situations. 

The failure to find significant differences due to number of objects 
should also be viewed with some caution. One would not expect such dif-
ferences to be large, and the authors never discuss what magnitude of 
difference they have the power to detect. In addition, there appears to 
be a possible ceiling effect, at least for length, that would mitigate 
against finding such differences. 



INVESTIGATIVE TEACHING OF MATHEMATICS AND ITS EFFECT ON THE CLASSROOM 
LEARNING ENVIRONMENT. Talmadge, Harriet; Hart, Alice. Journal for 
Research in Mathematics Education, v8, pp345-358, November 1977. 

Expanded Abstract and Analysis Prepared Especially for I.M.E. by David 
P. Robitaille and Thomas O'Shea, University of British Columbia. 

1. Purpose 

The study was conducted to seek evidence in support of the authors' 
hypothesis that "changes in the classroom learning environment would 
result if teachers were involved in defining an instructional approach, 
identifying its characteristics, and studying the implementation proce-
dures and effects on their own classes" (p. 357). 

2. Rationale 

The authors contend that there is a trend in mathematics education 
toward research on aspects of teaching and learning rather than on 
curricular innovations) citing several examples to support this view. 
They state that among the several reasons for the fact that the 
"research literature has yet to document the greater effectiveness of 
a psychologically based curriculum and instruction over and above those 
predicted on the inherent logic of mathematics," are that attempts to 
measure affective phenomena are very recent and that there is a consi-
derable lack of agreement among researchers and practitioners about the 
precise definitions of the terminology involved in such studies. In 
this latter regard, they cite discovery teaching as a prime example. 

3. Research Design and Procedure 

Twenty-three teachers in grades 1-8 who participated in an NSF 
Elementary Mathematics Implementation program taught the experimental 
classes. Each of these "identified teachers in their respective 
schools with classes similar to theirs and obtained consent to use 
them as control classes"(p. 348). During the year, the teachers of 
the experimental classes met for four hours every Saturday. Part of 
their activities consisted in developing a working definition of 

"investigative teaching;' and in identifying characteristics of such 
teaching. They were then expected to practice "investigative teach-
ing" in their mathematics classes and to study its effects. 

Pretest and posttest data on learning environment and cognitive 
process were obtained using My Class Inventory and the Cognitive 
Activities Rating Scale. The learning environment variables were 
'measured by having the children rate five environmental attributes: 
Satisfaction, Friction, Competitiveness, Difficulty, and Cohesiveness. 
The children's ratings of their perceptiohs of the dominant learning 
process in the class were set out in two scales: Lower Thought 
Processes and Higher Thought Processes. 



Student t-tests were used to compare the 14 pairs of experimental 
and control group means obtained from the test administrations. Analy-
sis of covariance, with pretest results as the covariate, was used to 
discover the relative importance of group membership (experimental-
control), system (public-parochial), grade (primary-intermediate), and 
sex on the learning environment and cognitive variables. Multiple 
regression analysis was utilized to compute the amount of variance 
contributed by the independent variables to the posttest score. 

4. Findings 

None of the 14 t-tests resulted in significant differences. The 
analysis of covariance produced significant F statistics for five of 
the dependent variables: Friction, Competitiveness, Difficulty, 
Cohesiveness, and Lower Thought Processes. Group membership was signi-
ficant (p<0.01) only on the Cohesiveness variable. Grade level was 
significant in three of the seven cases. The regression analysis 
shoved the pretest score to be the most important predictor of post-
test performance on all seven variables. 

5. Interpretations 

The authors conclude that their study shows that experienced 
teachers can learn new approaches to mathematics teaching, that they 
can be involved in developing such new approaches, and that they can 
be provided with a mechanism for transferring these approaches to 
their own classrooms. Moreover, they conclude that their results show 
a significantly higher degree of Cohesiveness in the experimental classes 
than in the control classes. The other four environmental variables 
appeared to be more affected by grade level than by group membership. 

Critical Commentary 

The premise that factors such as the learning environment in the 
mathematics classroom may be important in determining the success or 
failure of the mathematics curriculum is a persuasive one. Research 
designed to investigate aspects of such learning environments seems 
clearly to be needed. It is unfortunate that the authors were not 
able to carry out a study which might have indicated some directions 
for others to follow. Their study suffers from several weaknesses, 
both in design and execution, which invalidate the conclusions which 
the authors have drawn. 

(a) The authors list 14 characteristics of "investigative teach-
ing." Of these, several are described in vague and non-
specific terms which would make it very difficult for 
observers either to decide when the behavior in question 
had occurred, or to obtain a high degree of interrater 
reliability. Among the vaguely defined characteristics 
are the following [emphasis added]. 



1.The problem is presented in a way that encourages learner
input. 

3. There is a potential for alternative solutions. 

9. The learning environment is conducive to exploration, 

(b)The composition of the experimental and control groups appears 
calculated to maximize the possibility of finding systematic 
differences. The members of the experimental group were suffi-
ciently concerned about the teaching of elementary mathematics. 
to enroll in a year-long NSF-sponsored program; the members of
the control group, who were selected by the experimental group. 
teachers, taught "similar" classes. 

(c) Insufficient information is provided about the testing instru-
ments used in the study. This is unfortunate because several
important questions concerning them require answers. In the  
first place, no reliability information is supplied. Secondly, 
one wonders how such instruments were administered to children 
in the primary grades. How, for example, would a child at 
that level respond to an item which says, "Most of the 
children use what they learn in new situations." A search of 
the 1974 edition of Tests in Print as well as the Sixth and 
Seventh Mental Measurement Yearbooks failed to uncover any 
reference to either of the testing instruments. 

(d) Although the study proposes to chart differences in classroom 
learning environments, no mention is made of any attempt.to 
observe classrooms in operation. In other words, even if 
significant differences between experimental and control 
groups were found, it would not be possible to state that such 
differences were due to the effects of "investigative teaching," 
since there was no way of verifying what actually transpired in 
the classrooms. 

(e) In general, although there are some positive features such as 
the use of class as the experimental unit, the statistical 
analyses employed are questionable. In particular, it is 
unsatisfactory to suggest that further study be given to the 
one variable out of 14 which had the greatest t-value (p = 
0.063). Furthermore, it would have been more appropriate to 
use a multi-variate analysis of variance in a repeated 
measures design than to carry out seven different analyses of 
covariance with a changing covariate, and multiple regression 
analyses. Actually, the data reported in Table 2 (Analysis 
of Covariance) and Table 3 (Multiple Regression Analysis) are 
redundant. Finally, since the authors had madethe decision 
to employ analysis of covariance, it was not appropriate for 
them to then report, as they do in Figures 3 and 4, interac-
tions using the pre- and posttests as repeated measures. 
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