What do the consumers of educational research think they are getting?
by George E. Andrews
A few years ago Bruce Alberts, then President of the National Academy of Sciences, said in the preface to the NRC report Improving Student Learning: A Strategic Plan for Education Research and Its Utilization:

"It is poignantly clear that research has not had the kind of impact on education that is visible in medical practice, space exploration, energy, and many other fields. . . "

For more recent thought on educational research, let us turn to the American Institute of Physics Bulletin of Science Policy News for November 11, 1999, and to portions of an article about an October 26, 1999 hearing on education research by the House Science Subcommittee on Basic Research.

"Education experts from the Department of Education, NSF, and NIH's National Institute of Child Health and Human Development (NICHHD), along with representatives from the National Research Council and the University of Michigan, asserted that research into learning and education practices in the past has been fragmented, underfunded, and of questionable quality.  Annual federal funding for education research is approximately $300 million, which represent 0.1 percent of all education spending.  

. . . The witnesses agreed that what is needed is more focused, long-term research, prioritized around a small number of important questions.  They also stressed the complexities inherent in scaling up research done in controlled settings to real classroom situations.  Judith Sunley, Assistant Director for NSF's Education and Human Resources Directorate, called the state of education research "mixed but improving."  She noted that advances in fields such as neurosciences, neural networking, language development, attention, memory, and concept acquisition 'have the potential to reshape the questions and answers at the heart of implementing education research.'  

. . . Reid Lyon, Chief of the NICHHD Child Development and Behavior Branch, described advances in understanding how children learn to read, but added that in science and math, 'we still don't know what it takes to teach certain concepts.'

. . . The witnesses generally faulted colleges of education for not incorporating the latest research findings and being resistant to change.

Recently the National Research Council has released another report Adding It Up: Helping Children Learn Mathematics (2001).  In Chapter 11 (Conclusion and Recommendations) we find two recommendations explicitly on research:  

“•  Efforts to improve students’ mathematics learning should be informed by scientific evidence, and their effectiveness should be evaluated systematically.  Such efforts should be coordinated, continual and cumulative.

•  Additional research should be undertaken on the nature, development, and assessment of mathematical proficiency.”

The implication from all these comments is clear.  The funders and promoters of education research believe that it has not really had significant impact.  By implication they suggest that it should, which in turn implies a widespread belief that education research is on a par with and subject to standards comparable to standards in fields such as medicine.  Even those critical of current research suggest it is moving toward such standards. 

It is our contention that minimal standards ensuring randomized selection of participants in experimental and control groups as well as disinterestedness in outcomes are seldom followed in mathematics education research.  When such standards are not met, the results of the research are inconclusive.  Specifically we have little reason to believe that the observations and conclusions of such research are applicable to any but those involved in the specific experiment used in the research in question.  

The following papers are further examples of our concerns.  Each was suggested to us as an important contribution to mathematics education research.

“Research on Graphing Calculators”


by Penny Dunham and Tom Dick


Mathematics Teacher, 87 (1984), 440-444
The article begins:


"The National Council of Teachers of Mathematics has long advocated the use of calculators at all levels of mathematics instruction, and graphing calculators are no exception.  Indeed, the Curriculum and Evaluation Standards for School Mathematics (NCTM 1989) makes the following underlying assumption for grades 9-12 (p. 124):


'Scientific calculators with graphing capabilities will be available to all students at all times.'

Evidently, the call has been heeded.  Commenting on changes in undergraduate mathematics education for the Mathematical Association of America, Leitzel (1993) noted the 'explosive growth in the use of graphing calculators in secondary schools' and urged college mathematics faculty to take advantage of students' facility with this technology.  Curriculum reformers at both secondary school and collegiate levels have used technology as a catalyst for change."

However, things take on a more somber note as we come to the next section of the article concerning the results of studies:


"Comparing common test scores of students receiving graphing calculator-based instruction to those of students receiving traditional instruction yields some information, but this process is much like comparing apples and oranges if the course goals are different."

Translation: the results of this study were not quite what we had hoped they would be.  Mixed, at best.

The authors go on to explain away this unfortunate turn of events and in doing so unintentionally give the game away.


"A true experimental study that attempts to isolate the effects of the availability of graphing calculators on students would be so constrictive in its controls that the results would be of little practical use.  No one believes that simply carting a set of graphing calculators into a classroom will have some magical effect on students.  However, some researcher will attempt to compare two classes in which the content, instruction, and testing are identical, and the presence of graphing calculators is the only difference.  Such studies can offer us little insight.  Even if the researcher were able to match exactly the content and instruction between an experimental and a control group of randomly selected students - a difficult task indeed - attributing any significant difference in the achievement between the two groups to the mere presence of graphing calculators would be irresponsible."

Let us be clear on what has just been admitted.  The authors are pointing out in no uncertain terms that they have no use for "a true experimental study."  What they call "research" would much more accurately be termed "narrative.”

Why do we stress the distinction between "research" and "narrative?"  We contend that it provides us a valuable perspective. 

If we regard research in math education as analogous to research on the polio vaccine, then we will be most reluctant to question its conclusions.  If on the other hand, we view such research as a collection of narratives, then we can ask questions like "Are the conclusions of these narratives consistent with what I observe in the classroom?  Are the costs of the changes proposed by the narrative in some reasonable relation to the implied benefits?  Are the benefits believable?  Are some or many of my concerns about the education of my students addressed or ignored by the narrative?  Is it reasonable for my department head or dean to push me into a doubtful project with the same confidence that a health administrator might show in requiring that health professionals provide polio vaccine for children?

Returning to the article by Dunham and Dick, we find that even though the actual results are mixed, calculators are enthusiastically embraced.


"Classroom observations and interviews with both students and teachers suggest that graphing calculators have significantly changed the climate of the classroom.


Farrell (1990) noted that students became more active in classrooms in which graphing technology was being used, with more group work, investigations and explorations, and problem solving being observed.  Simonsen (1992), Beckmann (1989), Davis (1990), Rich (1991), and Dick and Shaughnessy (1988) report a shift to fewer lectures by teachers and more investigations by students in graphing-calculator classrooms.  Graphing calculators become a third agent in the classroom, and students consult with both the technology and the teacher (Farrell 1990)."

“Are Calculators a Crutch?”


by Zalman Usiskin


Mathematics Teacher 71 (1978), 412-413.

The article begins as follows:

"A major argument against the use of calculators is that calculators are a crutch.  This argument underlies the thinking represented in quotes like the following:


'I understand the principle - get them motivated.  But I have yet to be convinced that handing them a machine and teaching them how to push the button is the right approach.  What do they do when the battery runs out?  I see a lot of low-level math among college students who still don't understand multiplication and division.  You take away their calculators and give them an exam in which they have to add 20 and 50, and they get it wrong.  And I'm talking about business majors, the people who will soon be running my world.  [James R. McKinney, professor of mathematics, California Polytechnic State University of Pomona, as quoted in the New York Times, Section IV, p. 7, 5 Jan. 1975]'"

Usiskin continues:


"The "crutch premise" is essentially that if you allow students to use a calculator for arithmetic problems that can be done by hand, then the students will be unable 

to do arithmetic when the calculator is absent.  A corollary to this premise is that calculators should not be used with young students who are still learning arithmetic.  Another corollary is that calculators should not be used with older students who have not yet learned arithmetic-that is, calculators should not be used in remedial classes.


If the crutch premise is accepted, then the presence of calculators will have no effect whatsoever on the arithmetic curriculum. . . .  However, the crutch premise is seriously open to question, both in its internal validity and in the validity of the conclusions that are reached from it."

Now one must admit that a first reading of these 3 paragraphs suggests that the author has great confidence in the correctness of his thesis.  We expect compelling evidence.  Instead we find an argument about the meaning of words:


"The crutch premise rests on the principle that a crutch is a bad thing.  But in fact, for the injured person a crutch may be a good thing-even a necessity.  In supermarkets and other stores, calculating cash registers are necessities because of their accuracy and speed.  Furthermore, these store calculators came into wide use at a time when the general populace was taught at least as much about calculation as it is today.  For both the injured man and the supermarket, the crutch has become a necessary tool.  The capacity for a crutch (bad!) to be relabeled a tool (good!) extends to many situations, and many value judgments may simply depend on which label is perceived as applicable."

It dumbfounds us that anyone would find that paragraph compelling.  The faulty use of words here is egregious!  Various instruments are either (good!) or (bad!) depending on what use is being made of them.  If a knife is used to rob you, that is (bad!).  If a surgeon uses a knife to remove a tumor, that is (good!).  Whether a knife is good or bad DOES NOT DEPEND on what words we use to describe it.  Merely because calculators are appropriate in some settings does not mean that they are appropriate in every setting.  


But wait!  There's more.  Usiskin continues:


"It is common to cite the case of a real or hypothetical student who takes a calculator into an exam only to have the battery run out, after which the student is helpless and confused.  Such events do happen.  But when they do, one must ask two questions.  First, will the student allow this to happen on the next test?  One would expect that a single experience of this kind would suffice and that a similar experience would be avoided.  Second, for how many students in the same test was the calculator an asset?  In short, one should be careful not to penalize the majority (those with calculators) in a test because of the unwise decisions that are bound to be made by a few (those whose batteries run out)."

Without missing a beat, Usiskin hurries on.  One is reminded of the title of Satchel Paige's autobiography, "Don't Look Back!  Something Might Be Gaining On You!"


"When a computer or business machine breaks down in the real world, few organizations reject the idea of using the machine.  Most get it quickly fixed, or they buy a new one.  It is a fact of life that machines break down or are at times unavailable, but the increased level of performance that they make possible more than makes up for these inevitable problems." 

All of this seemingly cogent analysis leaves completely unexamined whether the calculators were really contributing to the education of the students in question.  


Usiskin then turns to remediation:


"The crutch premise leads to the conclusion that calculators should not be used in remedial arithmetic classes (such as general mathematics courses in high schools or junior colleges).  There is some reason to believe that this conclusion is false.  Indeed, calculators may be more appropriate for these students than for any other students of arithmetic."

Usiskin then cites studies which suggest that large percentages of students have never ever been able to compute with fractions.


"In fact, it is now estimated that about 40 percent of entering high school freshmen are not sufficiently adept at arithmetic to enter algebra. . . .  At present such people are condemned never to have the power to use arithmetic in their daily lives.  For such people the calculator is not a crutch; it is the only way to get a right answer.  The crucial issue is not how the calculation is accomplished but rather knowing when and how to use arithmetic to solve problems or answer questions that in fact matter in the lives of people.  In this sense, even the long division and multiplication algorithms are crutches to help us get answers.  Insisting that all children must be excellent pencil-and-paper calculators puts the emphasis in the wrong place-on the means, rather on the ends, of calculation.  The ability to use the results of calculation is what we should expect from those who have completed their study of arithmetic."

Breathtaking! By the time we came to the end, calculators were not a crutch, the long division and multiplication algorithms were crutches.  The only use Usiskin sees for learning the standard algorithms of computation is getting the right answer.  The article lacks any awareness of the myriad of ways in which facility with arithmetic sets the student up for understanding the intricacies of algebra and trigonometry and analytic geometry.  

Comments on Three Papers by E. Dubinsky et al.

1.
“Learning Binary Operations, Groups, and Subgroups”

by Anne Brown, David DeVries, Ed Dubinsky and Karen Thomas.

Journal of Mathematical Behavior 16 (3), 187-239.  (1997)

The first two sentences give a succinct summary of the object of this paper.

“This paper reports on a study of the nature of abstract algebra students’ understanding of binary operations, groups, and subgroups.  The study was carried out according to a very specific research methodology that is being developed by the members of the Research in Undergraduate Mathematics Education Community, or RUMEC, for the purpose of studying the learning of mathematics.” 


So how well does the methodology control for biases introduced in the selection and comparison of students?  Section 4 tells us!

“Participants in this study were undergraduate students at a large midwestern university who had taken or were taking a first course in abstract algebra which was designed for mathematics majors but was not the honors course.  The main group of participants consisted of 31 students who were taking an experimental version of the course during the fall of 1991; a full description of the instructional treatment used in this course is given in the next section.  The students were mostly pre-service secondary mathematics teachers, and the instructor and a graduate assistant are two of the authors of this study.

  In addition, there were 20 students who had taken an abstract algebra course taught according to standard methods at various times ranging from the same time as the students in the experimental course, back to two semesters earlier.  More specifically, 5 of these students took the course in the fall of 1991, 8 in the spring of 1991, and 3 in the fall of 1990.  One student had taken it in the spring of 1990 but was taking a second undergraduate course in abstract algebra at the time the data for this study was collected.  There were 3 students who were not asked when they took the course.

  It is possible that some of the other students in either group were taking courses that touched on concepts in abstract algebra before or at the time the data was collected.  Finally, two of the 31 students in the experimental course had previously taken the standard course.”

Now we may find that the ideas introduced in this paper are worthy of consideration.  We may find enlightenment from the extensive account of interviews with a number of students.  However, while this paper may be a useful contribution to a What-Has-Worked-For-Us, the lack of randomness in student selection, not to mention the lack of comparability with the “control” group, compels the conclusion that this is not research in any sense that transcends the study’s participants.  

2.  
“The Development of Students’ Graphical Understanding of the Derivative”


By Mark Asiala, Jim Cottrill, Ed Dubinsky and Keith E. Schwingendorf


Journal of Mathematical Behavior 16 (4), 399-431 (1997)


The first two sentences again give a succinct summary of the paper’s object:

  “This paper reports on a study of the nature of calculus students’ graphical understanding of the derivative.  The study was carried out according to a research methodology that is being developed by the members of the Research in Undergraduate Mathematics Education Community (RUMEC), for the purpose of studying how collegiate mathematics can be learned.”

In section 2, we learn that “students were selected informally and no attempt was made to randomize their characteristics.”
The fact “that the 
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 students in this study performed at a much higher level on the interview questions than the traditional students” leads the authors to raise “the question of possible differences between the two groups of students.”  They ask “Is there any data that might suggest that the difference is due to factors other than the difference in the two courses?  For example, we might ask if the students who took the 
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 courses were stronger students who might do better no matter what course they took.”

A comparison is made between the Predicted Grade Point Average (PGPA) of each group.  The subsequent analysis prompts the authors to say:


  “This picture is very clear.  The PGPAs of the students who took the traditional courses are, as a group, a little bit higher than those who took the 
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 courses.  In fact, the students who received the lowest codes have the highest PGPAs.  However, the differences are not statistically significant.”

Unfortunately, the last sentence is abundantly true.  The PGPA of the experimental groups is 2.697 with standard deviation of .38, while that of the control group is 2.899 with standard deviation of .31.  Only 15 students were included in each calculation.

Again we have a paper that carefully recounts What-Has-Worked-For-Us, but one which can really not claim to have followed minimal controls that are required of any research that hopes to have some claim to broad applicability.

3.
“Development of Students’ Understanding of Cosets, Normality, and Quotient Groups”


By Mark Asiala, Ed Dubinsky, David M. Mathews, Steven Morics and Asuman Oktac


Journal of Mathematical Behavior 16 (3), 241-309 (1997)
The paper is, as before, succinctly described in its first two sentences:

  “This paper reports on a study of abstract algebra students’ understanding of cosets, normality and quotient groups.  The study was carried out according to a very specific methodology for research and curriculum development designed by the members of the Research in Undergraduate Mathematics Education Community (RUMEC), for the purpose of studying and improving the learning of collegiate mathematics.” 


And how was the selection of students and instructors made?

 “Participants in this study were undergraduate students at a large midwestern university who had taken or were taking a first course in abstract algebra which was designed for mathematics majors but was not the honors course.  The main group of participants consisted of 31 students who were taking an experimental version of the course during the fall of 1991; a description of the instructional treatment used in this course is given in the next section and in the sections devoted to specific topics.  The students were mostly pre-service secondary mathematics teachers, and the instructor is one of the authors of this study.

  In addition, there were 20 students who had taken an abstract algebra course taught using lecture-based methods at various times.  Specifically, 5 of these students took the course in the fall of 1991, 8 in the spring of 1991, and 3 in the fall of 1990.  One student had taken it in the spring of 1990 but was taking a second undergraduate course in abstract algebra at the time the data for this study was collected.  There were 3 students who were not asked when they took the course.

  It is possible that some of the other students in either group were taking courses that touched on concepts in abstract algebra before or at the time the data was collected.  In particular, two of the 31 students in the experimental course had previously taken the standard course.”


It is clear that there was little or no attention paid to randomization and disinterestedness.  Again, we have a most interesting example of What-Has-Worked-For-Us; however the selection process described above ignores random selection, comparability and disinterestedness.  
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