
Studies in Computational Intelligence

Volume 750

Series editor

Janusz Kacprzyk, Polish Academy of Sciences, Warsaw, Poland
e-mail: kacprzyk@ibspan.waw.pl



The series “Studies in Computational Intelligence” (SCI) publishes new develop-
ments and advances in the various areas of computational intelligence—quickly and
with a high quality. The intent is to cover the theory, applications, and design
methods of computational intelligence, as embedded in the fields of engineering,
computer science, physics and life sciences, as well as the methodologies behind
them. The series contains monographs, lecture notes and edited volumes in
computational intelligence spanning the areas of neural networks, connectionist
systems, genetic algorithms, evolutionary computation, artificial intelligence,
cellular automata, self-organizing systems, soft computing, fuzzy systems, and
hybrid intelligent systems. Of particular value to both the contributors and the
readership are the short publication timeframe and the world-wide distribution,
which enable both wide and rapid dissemination of research output.

More information about this series at http://www.springer.com/series/7092

http://www.springer.com/series/7092


Olga Kosheleva • Karen Villaverde

How Interval and Fuzzy
Techniques Can Improve
Teaching
Processing Educational Data: From
Traditional Statistical Techniques
to an Appropriate Combination
of Probabilistic, Interval, and Fuzzy
Approaches

123



Olga Kosheleva
Department of Teacher Education
University of Texas
El Paso, TX
USA

Karen Villaverde
Department of Mathematics
New Mexico State University
Las Cruces, NM
USA

ISSN 1860-949X ISSN 1860-9503 (electronic)
Studies in Computational Intelligence
ISBN 978-3-662-55991-8 ISBN 978-3-662-55993-2 (eBook)
https://doi.org/10.1007/978-3-662-55993-2

Library of Congress Control Number: 2017955236

© Springer-Verlag GmbH Germany 2018
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt from
the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, express or implied, with respect to the material contained herein or
for any errors or omissions that may have been made. The publisher remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Printed on acid-free paper

This Springer imprint is published by Springer Nature
The registered company is Springer-Verlag GmbH, DE
The registered company address is: Heidelberger Platz 3, 14197 Berlin, Germany



Dedicated to the memory of Lotfi A. Zadeh



Contents

1 Introduction: Need for Interval and Fuzzy Techniques in Math
and Science Education . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

Part I How to Motivate Students

2 How to Motivate Students: An Overview of Part I . . . . . . . . . . . . . 11
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

3 Need to Understand the Presence of Uncertainty: Emphasizing
Paradoxes as a (Seemingly Paradoxical) Way to Enhance the
Learning of (Strict) Mathematics . . . . . . . . . . . . . . . . . . . . . . . . . . 15
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

4 Uncertainty-Related Example Explaining Why Geometry is
Useful: Geometry of a Plane Rescue . . . . . . . . . . . . . . . . . . . . . . . . 27
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

5 Uncertainty-Related Example Explaining Why Calculus Is
Useful: Example of the Mean Value Theorem . . . . . . . . . . . . . . . . . 33
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

6 How to Enhance Student Motivations by Borrowing from
Ancient Tradition: Egyptian Fractions . . . . . . . . . . . . . . . . . . . . . . 51
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

7 How to Enhance Student Motivations by Borrowing from
Ancient Tradition: Mayan and Babylonian Arithmetics . . . . . . . . . 65
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

vii



8 How to Enhance Student Motivations by Borrowing from
Ancient Tradition: Babylonian Method of Computing the Square
Root . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

9 How to Enhance Student Motivations by Borrowing from
Ancient Tradition: Russian Peasant Multiplication
Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94

10 How to Enhance Student Motivations by Borrowing from
Modern Practices: Geometric Approach to Error-Less
Counting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105

11 How to Enhance Student Motivations by Borrowing from
Modern Practices: Can We Learn Algorithms from People
Who Compute Fast . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114

12 How to Enhance a General Student Motivation to Study:
Asymmetric Paternalism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123

13 Financial Motivation: How to Incentivize Students to Graduate
Faster . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130

Part II In What Order to Present the Material

14 In What Order to Present the Material: An Overview
of Part II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134

15 Spiral Curriculum: Towards Mathematical Foundations . . . . . . . . 135
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145

16 How Much Time to Allocate to Each Topic? . . . . . . . . . . . . . . . . . 147
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150

17 What Is Wrong with Teaching to the Test: Uncertainty
Techniques Help in Understanding the Controversy . . . . . . . . . . . . 153
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159

18 In What Order to Present the Material: Fractal Approach . . . . . . 161
Reference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165

viii Contents



19 How AI-Type Uncertainty Ideas Can Improve Inter-Disciplinary
Education and Collaboration: Lessons from a Case Study . . . . . . . 167
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177

20 In What Order to Present the Material Within Each Topic:
Concrete-First Versus Abstract-First . . . . . . . . . . . . . . . . . . . . . . . 179
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186

Part III How to Select an Appropriate Way of Teaching Each Topic

21 How to Select an Appropriate Way of Teaching Each Topic:
An Overview of Part III . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191

22 What Is the Best Way to Distribute the Teacher’s Efforts Among
Students . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203

23 What is the Best Way to Allocate Teacher’s Efforts: How
Accurately Should We Write on the Board? When Marking
Comments on Student Papers? . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205
Reference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 208

24 How to Divide Students into Groups so as to Optimize
Learning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 220

25 How to Divide Students into Groups: Importance of Diversity
and Need for Intelligent Techniques to Further Enhance the
Advantage of Groups with Diversity in Problem Solving . . . . . . . . 223
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236

26 A Minor but Important Aspect of Teaching Large Classes:
When to Let in Late Students? . . . . . . . . . . . . . . . . . . . . . . . . . . . . 239
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244

Part IV How to Assess Students, Teachers, and Teaching Techniques

27 How to Assess Students, Teachers, and Teaching Techniques:
An Overview of Part IV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247

28 How to Assess Students: Rewarding Results or Rewarding
Efforts? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 251

29 How to Assess Students: Assess Frequently . . . . . . . . . . . . . . . . . . . 253
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 265

30 How to Assess Students: Surprise Them . . . . . . . . . . . . . . . . . . . . . 267
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 277

Contents ix



31 How to Assess Individual Contributions to a Group Project . . . . . . 279
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 285

32 How to Access Students’s Readiness for the Next Class . . . . . . . . . 287
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 293

33 How to Assess Students: Beyond Weighted Average . . . . . . . . . . . . 295
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 302

34 How to Assess a Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 305
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 318

35 How to Assess Teachers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 319
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 334

36 How to Assess Teaching Teachniques . . . . . . . . . . . . . . . . . . . . . . . 335
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 343

37 How to Assess Universities: Defining Average Class Size in a Way
Which Is Most Adequate for Teaching Effectiveness . . . . . . . . . . . . 345
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 352

38 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 353

Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 355

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 357

x Contents


	Contents



