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In "Animal Intelligence: Experimental Studies," Edward L. Thorndike presents a groundbreaking exploration into the cognitive abilities of animals through meticulously designed experiments. His systematic approach, characterized by the use of controlled trials and quantitative measurements, reflects the early roots of behavioral psychology. Thorndike's formative experiments with cats in puzzle boxes challenge the prevailing notions of animal instinct, unveiling a framework for understanding learning processes, which he famously summarizes in the Law of Effect. This work not only contributes to the fields of psychology and animal behavior but also serves as a catalyst for further inquiry into comparative cognition. Edward L. Thorndike (1874'Äì1949) was an American psychologist deeply influenced by the scientific discoveries of his time, particularly those relating to education and animal research. His academic upbringing, coupled with his fascination for the behavior of the animal kingdom, led him to emphasis on empirical observation and rigorous data collection. Thorndike's contributions to psychology extend far beyond the scope of this book; he played a pivotal role in establishing educational psychology as a distinct discipline, firmly grounding his theories in research. "Animal Intelligence: Experimental Studies" is essential for anyone interested in psychology, animal behavior, or the scientific method. Thorndike's innovative methodologies and profound insights into learning processes will resonate with scholars, educators, and anyone curious about the mind's workings beyond the human experience. In this enriched edition, we have carefully created added value for your reading experience: - A succinct Introduction situates the work's timeless appeal and themes. - The Synopsis outlines the central plot, highlighting key developments without spoiling critical twists. - A detailed Historical Context immerses you in the era's events and influences that shaped the writing. - An Author Biography reveals milestones in the author's life, illuminating the personal insights behind the text. - A thorough Analysis dissects symbols, motifs, and character arcs to unearth underlying meanings. - Reflection questions prompt you to engage personally with the work's messages, connecting them to modern life. - Hand‐picked Memorable Quotes shine a spotlight on moments of literary brilliance. - Interactive footnotes clarify unusual references, historical allusions, and archaic phrases for an effortless, more informed read.
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William James's seminal work, "The Principles of Psychology," published in 1890, offers a groundbreaking exploration of human consciousness and behavior through a pragmatic lens. Spanning two volumes, this text intricately blends philosophical inquiry with empirical observation, marking a pivotal juncture in psychological studies. Utilizing a rich prose style, James dissects complex concepts'—including perception, emotion, and habit'—while emphasizing the fluidity of mental processes. His narrative reflects the burgeoning field of psychology in the late 19th century, as he integrates insights from physiology, philosophy, and functionalism, thereby establishing a framework that would influence both psychology and philosophy for generations. As a pioneering figure in psychology and philosophy, William James's wide-ranging intellectual background'—encompassed by his study of physiology and interest in religious experience'—deeply informed his writing. Often referred to as the 'father of American psychology,' James's focus on the practical implications of human thought sought to bridge the gap between scientific rigor and personal experience, allowing him to present his ideas in a manner accessible to both scholars and laypersons alike. This comprehensive work is indispensable for anyone interested in psychology, philosophy, or the human experience. James's rich insights and pioneering theories provide a compelling framework for understanding the complexities of the mind, making this book a must-read for students, professionals, and anyone intrigued by the nature of consciousness. In this enriched edition, we have carefully created added value for your reading experience: - A succinct Introduction situates the work's timeless appeal and themes. - The Synopsis outlines the central plot, highlighting key developments without spoiling critical twists. - A detailed Historical Context immerses you in the era's events and influences that shaped the writing. - An Author Biography reveals milestones in the author's life, illuminating the personal insights behind the text. - A thorough Analysis dissects symbols, motifs, and character arcs to unearth underlying meanings. - Reflection questions prompt you to engage personally with the work's messages, connecting them to modern life. - Hand‐picked Memorable Quotes shine a spotlight on moments of literary brilliance. - Interactive footnotes clarify unusual references, historical allusions, and archaic phrases for an effortless, more informed read.
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Excellent Women, a seminal work in the canon of 20th-century British literature, artfully intertwines elements of social commentary and character study within its narrative. Set in the post-World War II era, the novel delves into the lives of women navigating a patriarchal society, exploring themes of independence, societal expectation, and personal identity. Written in a sharp, observational style characteristic of its literary context, the book juxtaposes the mundane with the profound, often using wit and irony to critique the status quo. The protagonist, Millicent, embodies the tensions of 'excellent women''Äîthose who excel in their roles yet grapple with their own desires for fulfillment beyond domestic spheres. Authored by Barbara Pym, a notable figure in English literature, Excellent Women reflects her own experiences and observations as a single woman in a male-dominated literary world. Pym'Äôs keen insights were shaped by her extensive academic background, particularly her studies in anthropology, which equipped her with a profound understanding of human relationships. Throughout her life, Pym drew inspiration from her encounters with various social circles, infusing her narrative with authenticity and depth. This novel is highly recommended for those seeking to explore the complexities of gender roles and societal standards in mid-20th century Britain. Pym'Äôs deft characterizations and subtle humor invite readers to reflect on the nuances of everyday life, making Excellent Women a compelling read for scholars and casual readers alike.
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In 'The Man in the Queue,' Josephine Tey introduces readers to a compelling mystery imbued with rich characterization and an exploration of societal norms in early 20th-century England. The narrative unfolds when a man is murdered in a queue outside a theater, thrusting Inspector Alan Grant into a labyrinthine investigation where the public's perceptions and prejudices become critical to solving the crime. Tey's skilled use of dialogue and vivid descriptions paints a lively backdrop, while her innovative plotting invites readers to grapple with themes of justice and morality, establishing this work as a trailblazer in the detective fiction genre. Josephine Tey, a prominent figure in the crime literature sphere, was known for her keen psychological insight and ability to weave historical context into her narratives. Her background as an accomplished playwright undoubtedly contributed to her narrative flair, while her personal experiences with social dynamics would have sharpened her understanding of human behavior. 'The Man in the Queue' showcases her ability to comment on the intricate web of social interactions, revealing the interplay between individual motives and collective assumptions. This novel is recommended for readers who appreciate intricate plots laced with social commentary and character depth. Tey's debut not only engages with suspenseful storytelling but also provides a fascinating lens through which to examine societal constructs of her era. A must-read for mystery aficionados and scholars of literature alike.
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In "A Writer's Diary," Virginia Woolf presents a rich tapestry of her reflections on the writing process, weaving together personal insights and literary musings that illuminate the struggles and joys of the creative endeavor. Written with her characteristic stream-of-consciousness style, this collection showcases Woolf's profound understanding of the artistic psyche and the intricacies of literary craftsmanship. Set against the backdrop of early 20th-century modernism, the diary entries reveal Woolf's engagement with contemporary thought, as she grapples with themes of identity, gender, and the complexities of narrative form. Virginia Woolf, a central figure in modernist literature, was not only an accomplished novelist but also a keen observer of her own creative journey. The diary entries span a period of significant literary evolution, offering readers a glimpse into the mind of a writer who sought to challenge societal norms and elevate the voice of women in literature. Her own struggles with mental health and the constraints of her time shaped her perspectives, providing depth to her reflections on both the art of writing and its implications for personal and societal truth. "A Writer's Diary" is an essential read for anyone interested in the mechanics of writing and the inner workings of a literary genius. Woolf's poignant observations resonate with both aspiring writers and seasoned professionals, making this work a timeless exploration of creativity that encourages readers to ponder their own artistic journeys. In this enriched edition, we have carefully created added value for your reading experience: - A succinct Introduction situates the work's timeless appeal and themes. - The Synopsis outlines the central plot, highlighting key developments without spoiling critical twists. - A detailed Historical Context immerses you in the era's events and influences that shaped the writing. - An Author Biography reveals milestones in the author's life, illuminating the personal insights behind the text. - A thorough Analysis dissects symbols, motifs, and character arcs to unearth underlying meanings. - Reflection questions prompt you to engage personally with the work's messages, connecting them to modern life. - Hand‐picked Memorable Quotes shine a spotlight on moments of literary brilliance. - Interactive footnotes clarify unusual references, historical allusions, and archaic phrases for an effortless, more informed read.

Start Reading Now! (Ad)





Edward L. Thorndike


The Psychology of Arithmetic

Enriched edition. Unraveling the Cognitive Puzzle of Mathematical Discovery

In this enriched edition, we have carefully created added value for your reading experience.

[image: ]

Introduction, Studies and Commentaries by Roderick Lancaster

Edited and published by Good Press, 2022


goodpress@okpublishing.info



    EAN 4057664622594
  



Introduction




Table of Contents




    At its core, this book contends that skill with numbers emerges not from innate mystique but from learnable patterns of attention, association, and practice that psychology can analyze, measure, and improve, revealing arithmetic as a system of habits and meanings that grows through experience, responds to feedback, and benefits from methods that align instruction with the mind’s dependable laws of learning, while challenging educators and readers to rethink what it means to be fluent, accurate, and thoughtfully efficient with numbers.

Edward L. Thorndike, a leading figure in early twentieth-century educational psychology, authored The Psychology of Arithmetic as part of a broader movement to ground schooling in empirical study. First appearing in the early 1920s, it belongs to the nonfiction tradition that links laboratory findings with classroom practice, focusing on how children and adults actually acquire numerical competence. The setting is not a narrative place but the lived environments of schools, testing rooms, and everyday tasks where counting, calculating, and estimating occur. Its publication coincided with rising interest in measurement, standardized assessment, and the improvement of instruction through carefully designed practice.

In these pages, Thorndike synthesizes research and observation to describe the component skills that underlie arithmetic, the conditions that strengthen them, and the errors that commonly interfere. Readers encounter a clear, methodical voice that favors evidence over anecdote and places emphasis on practical implications for teaching and study. The mood is analytical yet pragmatic, attentive to both accuracy and meaning. Rather than offering tricks, the book examines how tasks can be sequenced, how practice can be made effective, and how understanding can be fostered by connecting operations to purposes and contexts that make sense to learners.

Several themes run throughout. Measurement anchors the discussion, from the evaluation of progress to the comparison of methods. Habit formation and the role of repetition are weighed alongside the importance of meaning, interpretation, and problem framing. Transfer of learning is treated as specific rather than automatic, encouraging alignment between what is practiced and what is assessed. The book addresses individual differences, acknowledging variation in rate and style of learning and the need for graduated challenges. It also explores the interplay between speed and accuracy, emphasizing balanced development that values precision without sacrificing the usefulness of efficient procedures.

For contemporary readers, the relevance is immediate. Current debates about fluency versus conceptual understanding, timed practice, adaptive instruction, and data-informed teaching echo questions raised here. By tracing how skills build from simpler elements and how feedback shapes performance, the book offers a vocabulary for discussing curriculum design, assessment, and intervention. Its attention to mistakes as informative signals resonates with efforts to cultivate productive struggle. And its insistence on connecting procedures with purposes aligns with calls to make mathematics meaningful in daily life, whether balancing a budget, interpreting measurements, or reasoning about quantities in science and civic contexts.

This is not a manual of shortcuts but a sustained inquiry suited to teachers, school leaders, researchers, and curious readers who want to understand how numerical abilities develop and how instruction can be made more effective. The intellectual appeal lies in the bridge it builds between psychology and pedagogy, showing how careful study can reshape routine classroom decisions. The prose is straightforward, avoiding ornament in favor of clarity, and the organization reflects a desire to move from foundational ideas to concrete applications. Readers can expect guidance grounded in evidence and attention to practical consequences for learning.

Approached as a study of how minds meet numbers, The Psychology of Arithmetic offers a disciplined, historically significant perspective that still invites fresh reflection. It situates arithmetic as human work—taught, learned, measured, and refined—rather than as a fixed body of rules. By emphasizing what can be observed and improved, it encourages readers to see progress as cumulative and attainable. Whether one seeks to sharpen teaching, to analyze performance, or simply to understand the craft of calculation more deeply, this book provides a steady framework for inquiry and a reminder that effective practice rests on sound understanding of learning.
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    Edward L. Thorndike's The Psychology of Arithmetic examines how individuals learn and perform arithmetic, applying experimental methods to school subjects. The book states its aims: describing the mental processes involved in number, identifying typical difficulties, and deriving instructional guidance from measured evidence. Thorndike treats arithmetic as a set of specific habits and understandings formed through practice under clear conditions, rather than a single, general faculty. He summarizes prior studies and introduces his procedures for timing, scoring, and comparing performance across ages and tasks. Throughout, he emphasizes objective measurement, controlled comparisons, and the balance of speed and accuracy as criteria for effective learning.

He begins with the origins of number concepts in children, tracing the shift from perceptual estimates to exact counting and symbolic representation. The text reviews evidence on how children connect quantities, spoken number words, and written numerals, and how place value understanding grows. Thorndike discusses the roles of concrete experience, repetition, and attention in forming stable associations, while noting limits of intuition about magnitude. He outlines typical progressions in mastering counting principles, comparing numbers, and recognizing patterns such as groups of fives and tens. These foundations, he argues, condition later success with operations and influence the order and method of instruction.

Thorndike next analyzes the learning of addition and subtraction facts, documenting rates of acquisition, common confusions, and the effects of drill. Using timed tests, he charts the relative difficulty of combinations and the distribution of errors, showing that frequency and recency of practice strengthen specific bonds. He evaluates methods such as grouping by families, using derived facts, and arranging practice to favor quick, accurate responses. The discussion considers carrying and borrowing as sources of delay and error, and recommends sequencing that builds from secure small sums to more complex multi-digit work. The guiding principle is economical practice targeted at typical weaknesses.

He then turns to multiplication and division, treating them as networks of specific associations related to addition and subtraction but requiring distinct mastery. The book presents data on learning times for tables, patterns of interference between similar facts, and the benefits of organizing practice by factors or products. Division is framed as the inverse of multiplication, with instruction designed to link corresponding pairs. Thorndike analyzes place value procedures in multi-digit computation, identifying steps that contribute most to errors and time. He proposes arrangements of problems and feedback that reinforce correct sequences, consolidate automatisms, and reduce the cognitive load of algorithms.

Subsequent chapters address fractions, decimals, and percentage, emphasizing conceptual clarity along with skill. Thorndike reports typical misconceptions—confusing numerator and denominator roles, misinterpreting size relations, or treating decimals as whole numbers with dots—and classifies errors by their sources. He compares alternative introductions, such as measurement contexts versus partitioning, and traces how conversion skills support problem solving. Practice recommendations focus on high-utility operations, estimation to check plausibility, and minimizing rarely used transformations. He relates decimal place value to whole-number understanding to streamline learning, and shows how percentage topics can consolidate previous knowledge when sequenced around common applications like increase, decrease, and proportion.

The book analyzes problem solving in verbal contexts, separating reading comprehension, translation to quantitative relations, and execution of procedures. Thorndike presents evidence that improvement is largely specific to practiced forms, cautioning against expecting broad transfer from general reasoning lessons. He classifies problem types by structure, identifies common misreadings and extraneous detail effects, and recommends teaching students to map essential relations to known operations. Worked examples and immediate feedback are shown to support accuracy more than open-ended exploration. He also considers the role of estimation and unit analysis in preventing errors, while maintaining that systematic practice with representative problem families yields the most dependable gains.

Attention then turns to individual differences and measurement. Thorndike compiles norms for speed and accuracy across grades, discusses reliability of test scores, and uses item analysis to locate specific deficits. He examines factors such as age, prior practice, fatigue, and motivation, quantifying their effects on performance. The text explains how diagnostic tests can differentiate between fact recall difficulties, algorithmic misunderstandings, and reading issues in problems. He proposes standards for classroom testing—clear timing, consistent scoring, and comparable forms—to guide instruction and evaluate progress. Measurement is presented as a continuous tool for adjusting teaching, selecting practice materials, and allocating time efficiently.

Drawing on these findings, Thorndike evaluates transfer of training and curriculum design. He reports limited general transfer, concluding that gains mostly accrue to the specific facts, procedures, and formats practiced. Consequently, he recommends concentrating on high-frequency skills, spacing practice for retention, and using corrective feedback to stabilize habits. The curriculum, he suggests, should eliminate obsolete topics of little practical value, sequence content by empirical difficulty, and integrate applications that directly use learned skills. Materials and concrete aids are used to clarify new ideas, then phased out as automatisms form. Class organization, assignment design, and recitation routines are aligned to measured learning outcomes.

The book concludes by summarizing arithmetic as a domain built from many precise connections among ideas, symbols, and actions. Effective instruction arises from measured evidence about how these connections form and fail, emphasizing accuracy first, then speed, supported by targeted, well-ordered practice. Thorndike presents practical implications without prescribing a single method, urging teachers to base decisions on observed performance and to value economy of learning. He reiterates that improvement depends on specific training rather than general mental discipline, and that tests, records, and analysis are indispensable. The overall message is a scientific approach to teaching arithmetic to achieve durable, functional competence.
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    Edward L. Thorndike wrote The Psychology of Arithmetic in New York City at Teachers College, Columbia University, where he had worked since 1899. The book appeared in 1922, in the late Progressive Era and just after World War I, when American schools were expanding rapidly and administrators embraced scientific management, standardized testing, and social-efficiency goals. New York, a hub of immigration, industry, and reform, offered abundant data and institutional support for educational experiments. Laboratories at Teachers College and allied urban school systems provided the empirical foundation for Thorndike’s program: to analyze arithmetic as a set of learned habits shaped by measurable practice, frequency of use, and demonstrable transfer.

The educational measurement movement, which matured between the 1890s and early 1920s, decisively shaped the book. Francis Galton and Karl Pearson had established statistical tools—correlation (1888–1896) and regression—that made quantifying learning feasible; Alfred Binet and Théodore Simon’s intelligence scale (1905) showed how mental traits might be tested. Thorndike’s own An Introduction to the Theory of Mental and Social Measurements (1904) and his handwriting scale (1910) translated those methods into schooling. In The Psychology of Arithmetic, he extends this logic: item difficulty, practice curves, and the “identical elements” theory of transfer guide what topics to teach and how to drill them. Arithmetic becomes an empirically tunable skill system.

Standardized testing in arithmetic, pioneered before 1922, supplied the instruments and norms Thorndike relied upon. S. A. Courtis’s Standard Research Tests in Arithmetic (circa 1914) and Charles I. Stone’s earlier work (1908) provided district-wide data on speed and accuracy in the four operations, problem types, and error patterns. The School Survey Movement—Cleveland (1915–1916) and New York City—produced cost, time, and attainment studies that administrators used to redesign curricula. Thorndike’s book reflects this emergent database culture: he argues that the relative frequency and real-life utility of operations should determine instructional time, and he evaluates long division, fractions, and percentage with the same comparative, test-based logic.

National policy debates further framed the book’s prescriptions. The U.S. Bureau of Education’s Cardinal Principles of Secondary Education (1918) reoriented curricula toward practical competencies—computation for citizenship, vocation, and consumer life. The National Council of Teachers of Mathematics formed in 1920, and the National Committee on Mathematical Requirements issued The Reorganization of Mathematics in Secondary Education (1923). Thorndike’s 1922 volume sits at this crossroads: it supplies a psychological rationale for reorganization by contending that arithmetic comprises specific habits with limited transfer, thus favoring commonly used computations, measurement, and everyday problem solving over infrequently used, abstract procedures.

The Efficiency Movement, derived from Frederick W. Taylor’s The Principles of Scientific Management (1911) and the time–motion studies of Frank and Lillian Gilbreth, permeated school administration. Urban districts tracked time-on-task, unit costs, and output metrics. In arithmetic, that translated into timed drills, mastery thresholds, and elimination of “waste” in topics thought to lack payoff. Thorndike’s book mirrors this climate: he quantifies learning curves, optimizes practice schedules, and evaluates topics by expected social utility. His emphasis on measurable gain per minute of practice and on incremental habit formation aligns educational arithmetic with broader Progressive efforts to rationalize work, reduce error, and standardize processes.

Compulsory schooling laws had spread to all U.S. states by 1918, and the high school movement between 1910 and 1930 multiplied enrollment severalfold, bringing heterogeneous student populations into arithmetic classrooms. Simultaneously, immigration peaked in the 1900s–1910s, before the Johnson–Reed Act of 1924 imposed sharp quotas. Americanization programs stressed practical numeracy—wages, rent, banking, and measurement—as tools for civic integration. Thorndike’s approach dovetailed with these pressures: by treating arithmetic as specific, teachable habits tailored to frequent life tasks, he furnished an evidence-based rationale for emphasizing computation and quantitative reasoning needed in factories, shops, and households serving a rapidly urbanizing and diversifying nation.

World War I accelerated psychometrics. Under Robert M. Yerkes, the Army Alpha and Beta tests (1917–1918) assessed roughly 1.7 million recruits, normalizing large-scale mental testing and ranking. Philanthropic foundations such as the Rockefeller-funded General Education Board (1902) and the Carnegie Corporation (1911) financed measurement research and surveys at institutions including Teachers College. These forces legitimated ability norms, item analysis, and differentiated instruction. The Psychology of Arithmetic participates in that climate by foregrounding individual differences, norm-referenced performance, and curriculum decisions based on empirical utility. While Thorndike favored data over hereditarian rhetoric, his framework also enabled ability grouping and selective pathways that contemporaries sometimes linked to eugenic-era assumptions.

The book functions as a tacit social critique by attacking the inefficiency and ritualism of traditional arithmetic instruction in a mass-democratic school system. Thorndike exposes how inherited topics and methods—long practiced as cultural capital—squander classroom time without clear civic or economic return. By insisting on measured outcomes and real-life frequency as criteria for content, he challenges class-bound curricula that privilege abstract formalism over working citizens’ needs. Yet the same metrics raise political questions about equity: testing regimes, ability grouping, and utilitarian trimming can reproduce social stratification. The work thus both advances Progressive reform and highlights the era’s unresolved tension between efficiency and democratic opportunity.




The Psychology of Arithmetic

Main Table of Contents









PREFACE



GENERAL INTRODUCTION



THE PSYCHOLOGY OF THE ELEMENTARY SCHOOL SUBJECTS



CHAPTER I



THE NATURE OF ARITHMETICAL ABILITIES



CHAPTER II



THE MEASUREMENT OF ARITHMETICAL ABILITIES



CHAPTER III



THE CONSTITUTION OF ARITHMETICAL ABILITIES



CHAPTER IV



THE CONSTITUTION OF ARITHMETICAL ABILITIES (CONTINUED) : THE SELECTION OF THE BONDS TO BE FORMED



CHAPTER V



THE PSYCHOLOGY OF DRILL IN ARITHMETIC: THE STRENGTH OF BONDS



CHAPTER VI



THE PSYCHOLOGY OF DRILL IN ARITHMETIC: THE AMOUNT OF PRACTICE AND THE ORGANIZATION OF ABILITIES



CHAPTER VII



THE SEQUENCE OF TOPICS: THE ORDER OF FORMATION OF BONDS



CHAPTER VIII



THE DISTRIBUTION OF PRACTICE



THE PROBLEM



SAMPLE DISTRIBUTIONS



CHAPTER IX



THE PSYCHOLOGY OF THINKING: ABSTRACT IDEAS AND GENERAL NOTIONS IN ARITHMETIC



CHAPTER X



THE PSYCHOLOGY OF THINKING: REASONING IN ARITHMETIC



CHAPTER XI



ORIGINAL TENDENCIES AND ACQUISITIONS BEFORE SCHOOL



CHAPTER XII



INTEREST IN ARITHMETIC



CHAPTER XIII



THE CONDITIONS OF LEARNING



CHAPTER XIV



THE CONDITIONS OF LEARNING: THE PROBLEM ATTITUDE



CHAPTER XV



INDIVIDUAL DIFFERENCES



BIBLIOGRAPHY OF REFERENCES MADE IN THE TEXT



INDEX





PREFACE


Table of Contents



Within recent years there have been three lines of advance in psychology which are of notable significance for teaching. The first is the new point of view concerning the general process of learning. We now understand that learning is essentially the formation of connections or bonds between situations and responses[1q], that the satisfyingness of the result is the chief force that forms them, and that habit rules in the realm of thought as truly and as fully as in the realm of action.

The second is the great increase in knowledge of the amount, rate, and conditions of improvement in those organized groups or hierarchies of habits which we call abilities, such as ability to add or ability to read. Practice and improvement are no longer vague generalities, but concern changes which are definable and measurable by standard tests and scales.

The third is the better understanding of the so-called "higher processes" of analysis, abstraction, the formation of general notions, and reasoning. The older view of a mental chemistry whereby sensations were compounded into percepts, percepts were duplicated by images, percepts and images were amalgamated into abstractions and concepts, and these were manipulated by reasoning, has given way to the understanding of the laws of response to elements or aspects of situations and to many situations or elements thereof in combination. James' view of reasoning as "selection of essentials" and "thinking things together"  in a revised and clarified form has important applications in the teaching of all the school subjects.

This book presents the applications of this newer dynamic psychology to the teaching of arithmetic. Its contents are substantially what have been included in a course of lectures on the psychology of the elementary school subjects given by the author for some years to students of elementary education at Teachers College. Many of these former students, now in supervisory charge of elementary schools, have urged that these lectures be made available to teachers in general. So they are now published in spite of the author's desire to clarify and reinforce certain matters by further researches.

A word of explanation is necessary concerning the exercises and problems cited to illustrate various matters, especially erroneous pedagogy. These are all genuine, having their source in actual textbooks, courses of study, state examinations, and the like. To avoid any possibility of invidious comparisons they are not quotations, but equivalent problems such as represent accurately the spirit and intent of the originals.

I take pleasure in acknowledging the courtesy of Mr. S. A. Courtis, Ginn and Company, D. C. Heath and Company, The Macmillan Company, The Oxford University Press, Rand, McNally and Company, Dr. C. W. Stone, The Teachers College Bureau of Publications, and The World Book Company, in permitting various quotations.

Edward L. Thorndike.


Teachers College

Columbia University

    April 1, 1920
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The psychology of the elementary school subjects is concerned with the connections whereby a child is able to respond to the sight of printed words by thoughts of their meanings, to the thought of "six and eight" by thinking "fourteen," to certain sorts of stories, poems, songs, and pictures by appreciation thereof, to certain situations by acts of skill, to certain others by acts of courtesy and justice, and so on and on through the series of situations and responses which are provided by the systematic training of the school subjects and the less systematic training of school life during their study. The aims of elementary education, when fully defined, will be found to be the production of changes in human nature represented by an almost countless list of connections or bonds whereby the pupil thinks or feels or acts in certain ways in response to the situations the school has organized and is influenced to think and feel and act similarly to similar situations when life outside of school confronts him with them.

We are not at present able to define the work of the elementary school in detail as the formation of such and such bonds between certain detached situations and certain specified responses. As elsewhere in human learning, we are at present forced to think somewhat vaguely in terms of mental functions, like "ability to read the vernacular," "ability to spell common words," "ability to add, subtract,  multiply, and divide with integers," "knowledge of the history of the United States," "honesty in examinations," and "appreciation of good music," defined by some general results obtained rather than by the elementary bonds which constitute them.

The psychology of the school subjects begins where our common sense knowledge of these functions leaves off and tries to define the knowledge, interest, power, skill, or ideal in question more adequately, to measure improvement in it, to analyze it into its constituent bonds, to decide what bonds need to be formed and in what order as means to the most economical attainment of the desired improvement, to survey the original tendencies and the tendencies already acquired before entrance to school which help or hinder progress in the elementary school subjects, to examine the motives that are or may be used to make the desired connections satisfying, to examine any other special conditions of improvement, and to note any facts concerning individual differences that are of special importance to the conduct of elementary school work.

Put in terms of problems, the task of the psychology of the elementary school subjects is, in each case:—

(1) What is the function? For example, just what is "ability to read"? Just what does "the understanding of decimal notation" mean? Just what are "the moral effects to be sought from the teaching of literature"?

(2) How are degrees of ability or attainment, and degrees of progress or improvement in the function or a part of the function measured? For example, how can we determine how well a pupil should write, or how hard words we expect him to spell, or what good taste we expect him to show? How can we define to ourselves what knowledge of the meaning of a fraction we shall try to secure in grade 4?

(3) What can be done toward reducing the function to terms of particular situation-response connections, whose formation can be more surely and easily controlled? For example, how far does ability to spell involve the formation one by one of bonds between the thought of almost every word in the language and the thought of that word's letters in their correct order; and how far does, say, the bond leading from the situation of the sound of ceive in receive and deceive to their correct spelling insure the correct spelling of that part of perceive? Does "ability to add" involve special bonds leading from "27 and 4" to "31," from "27 and 5" to "32," and "27 and 6" to "33"; or will the bonds leading from "7 and 4" to "11," "7 and 5" to "12" and "7 and 6" to "13" (each plus a simple inference) serve as well? What are the situations and responses that represent in actual behavior the quality that we call school patriotism?

(4) In almost every case a certain desired change of knowledge or skill or power can be attained by any one of several sets of bonds. Which of them is the best? What are the advantages of each? For example, learning to add may include the bonds "0 and 0 are 0," "0 and 1 are 1," "0 and 2 are 2," "1 and 0 are 1," "2 and 0 are 2," etc.; or these may be all left unformed, the pupil being taught the habits of entering 0 as the sum of a column that is composed of zeros and otherwise neglecting 0 in addition. Are the rules of usage worth teaching as a means toward correct speech, or is the time better spent in detailed practice in correct speech itself?

(5) A bond to be formed may be formed in any one of many degrees of strength. Which of these is, at any given stage of learning the subject, the most desirable, all things considered? For example, shall the dates of all the early settlements of North America be learned so that the exact year will be  remembered for ten years, or so that the exact date will be remembered for ten minutes and the date with an error plus or minus of ten years will be remembered for a year or two? Shall the tables of inches, feet, and yards, and pints, quarts, and gallons be learned at their first appearance so as to be remembered for a year, or shall they be learned only well enough to be usable in the work of that week, which in turn fixes them to last for a month or so? Should a pupil in the first year of study of French have such perfect connections between the sounds of French words and their meanings that he can understand simple sentences containing them spoken at an ordinary rate of speaking? Or is slow speech permissible, and even imperative, on the part of the teacher, with gradual increase of rate?

(6) In almost every case, any set of bonds may produce the desired change when presented in any one of several orders. Which is the best order? What are the advantages of each? Certain systems for teaching handwriting perfect the elementary movements one at a time and then teach their combination in words and sentences. Others begin and continue with the complex movement-series that actual words require. What do the latter lose and gain? The bonds constituting knowledge of the metric system are now formed late in the pupil's course. Would it be better if they were formed early as a means of facilitating knowledge of decimal fractions?

(7) What are the original tendencies and pre-school acquisitions upon which the connection-forming of the elementary school may be based or which it has to counteract? For example, if a pupil knows the meaning of a heard word, he may read it understandingly from getting its sound, as by phonic reconstruction. What words does the average beginner so know? What are the individual differences in  this respect? What do the instincts of gregariousness, attention-getting, approval, and helpfulness recommend concerning group-work versus individual-work, and concerning the size of a group that is most desirable? The original tendency of the eyes is certainly not to move along a line from left to right of a page, then back in one sweep and along the next line. What is their original tendency when confronted with the printed page, and what must we do with it in teaching reading?

(8) What armament of satisfiers and annoyers, of positive and negative interests and motives, stands ready for use in the formation of the intrinsically uninteresting connections between black marks and meanings, numerical exercises and their answers, words and their spelling, and the like? School practice has tried, more or less at random, incentives and deterrents from quasi-physical pain to the most sentimental fondling, from sheer cajolery to philosophical argument, from appeals to assumed savage and primitive traits to appeals to the interest in automobiles, flying-machines, and wireless telegraphy. Can not psychology give some rules for guidance, or at least limit experimentation to its more hopeful fields?

(9) The general conditions of efficient learning are described in manuals of educational psychology. How do these apply in the case of each task of the elementary school? For example, the arrangement of school drills in addition and in short division in the form of practice experiments has been found very effective in producing interest in the work and in improvement at it. In what other arithmetical functions may we expect the same?

(10) Beside the general principles concerning the nature and causation of individual differences, there must obviously be, in existence or obtainable as a possible result of proper investigation,  a great fund of knowledge of special differences relevant to the learning of reading, spelling, geography, arithmetic, and the like. What are the facts as far as known? What are the means of learning more of them? Courtis finds that a child may be specially strong in addition and yet be specially weak in subtraction in comparison with others of his age and grade. It even seems that such subtle and intricate tendencies are inherited. How far is such specialization the rule? Is it, for example, the case that a child may have a special gift for spelling certain sorts of words, for drawing faces rather than flowers, for learning ancient history rather than modern?

Such are our problems: this volume discusses them in the case of arithmetic. The student who wishes to relate the discussion to the general pedagogy of arithmetic may profitably read, in connection with this volume: The Teaching of Elementary Mathematics, by D. E. Smith ['01], The Teaching of Primary Arithmetic, by H. Suzzallo ['11], How to Teach Arithmetic, by J. C. Brown and L. D. Coffman ['14], The Teaching of Arithmetic, by Paul Klapper ['16], and The New Methods in Arithmetic, by the author ['21].
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According to common sense, the task of the elementary school is to teach:—(1) the meanings of numbers, (2) the nature of our system of decimal notation, (3) the meanings of addition, subtraction, multiplication, and division, and (4) the nature and relations of certain common measures; to secure (5) the ability to add, subtract, multiply, and divide with integers, common and decimal fractions, and denominate numbers, (6) the ability to apply the knowledge and power represented by (1) to (5) in solving problems, and (7) certain specific abilities to solve problems concerning percentage, interest, and other common occurrences in business life.

This statement of the functions to be developed and improved is sound and useful so far as it goes, but it does not go far enough to make the task entirely clear. If teachers had nothing but the statement above as a guide to what changes they were to make in their pupils, they would often leave out important features of arithmetical training, and put in forms of training that a wise educational plan would not tolerate. It is also the case that different leaders in arithmetical teaching, though they might all subscribe to the general statement of the previous paragraph, certainly do not in practice have identical notions of what arithmetic should be for the elementary school pupil.

The ordinary view of the nature of arithmetical learning is obscure or inadequate in four respects. It does not define what 'knowledge of the meanings of numbers' is; it does not take account of the very large amount of teaching of language which is done and should be done as a part of the teaching of arithmetic; it does not distinguish between the ability to meet certain quantitative problems as life offers them and the ability to meet the problems provided by textbooks and courses of study; it leaves 'the ability to apply arithmetical knowledge and power' as a rather mystical general faculty to be improved by some educational magic. The four necessary amendments may be discussed briefly.

KNOWLEDGE OF THE MEANINGS OF NUMBERS

Knowledge of the meanings of the numbers from one to ten may mean knowledge that 'one' means a single thing of the sort named, that two means one more than one, that three means one more than two, and so on. This we may call the series meaning. To know the meaning of 'six' in this sense is to know that it is one more than five and one less than seven—that it is between five and seven in the number series. Or we may mean by knowledge of the meanings of numbers, knowledge that two fits a collection of two units, that three fits a collection of three units, and so on, each number being a name for a certain sized collection of discrete things, such as apples, pennies, boys, balls, fingers, and the other customary objects of enumeration in the primary school. This we may call the collection meaning. To know the meaning of six in this sense is to be able to name correctly any collection of six separate, easily distinguishable individual objects. In the third place, knowledge of the numbers from one to ten may mean knowledge that two is twice whatever is called one, that three is three times whatever is one, and so on. This is, of course, the ratio meaning. To know the meaning of six in this sense is to know that if _________ is one, a line half a foot long is six, that if [ __ ] is one, [ ____________ ] is about six, while if [ _ ] is one, [ ______ ] is about six, and the like. In the fourth place, the meaning of a number may be a smaller or larger fraction of its implications—its numerical relations, facts about it. To know six in this sense is to know that it is more than five or four, less than seven or eight, twice three, three times two, the sum of five and one, or of four and two, or of three and three, two less than eight—that with four it makes ten, that it is half of twelve, and the like. This we may call the 'nucleus of facts' or relational meaning of a number.

Ordinary school practice has commonly accepted the second meaning as that which it is the task of the school to teach beginners, but each of the other meanings has been alleged to be the essential one—the series idea by Phillips ['97], the ratio idea by McLellan and Dewey ['95] and Speer ['97], and the relational idea by Grube and his followers.

This diversity of views concerning what the function is that is to be improved in the case of learning the meanings of the numbers one to ten is not a trifling matter of definition, but produces very great differences in school practice. Consider, for example, the predominant value assigned to counting by Phillips in the passage quoted below, and the  samples of the sort of work at which children were kept employed for months by too ardent followers of Speer and Grube.

THE SERIES IDEA OVEREMPHASIZED


"This is essentially the counting period, and any words that can be arranged into a series furnish all that is necessary. Counting is fundamental, and counting that is spontaneous, free from sensible observation, and from the strain of reason. A study of these original methods shows that multiplication was developed out of counting, and not from addition as nearly all textbooks treat it. Multiplication is counting. When children count by 4's, etc., they accent the same as counting gymnastics or music. When a child now counts on its fingers it simply reproduces a stage in the growth of the civilization of all nations.

I would emphasize again that during the counting period there is a somewhat spontaneous development of the number series-idea which Preyer has discussed in his Arithmogenesis; that an immense momentum is given by a systematic series of names; and that these names are generally first learned and applied to objects later. A lady teacher told me that the Superintendent did not wish the teachers to allow the children to count on their fingers, but she failed to see why counting with horse-chestnuts was any better. Her children could hardly avoid using their fingers in counting other objects yet they followed the series to 100 without hesitation or reference to their fingers. This spontaneous counting period, or naming and following the series, should precede its application to objects." [D.E. Phillips, '97[1], p. 238.]



THE RATIO IDEA OVEREMPHASIZED
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"Ratios.—1. Select solids having the relation, or ratio, of a, b, c, d, o, e.

2. Name the solids, a, b, c, d, o, e.

The means of expressing must be as freely supplied as the means of discovery. The pupil is not expected to invent terms.

3. Tell all you can about the relation of these units.

4. Unite units and tell what the sum equals.

5. Make statements like this: o less e equals b.

6. c can be separated into how many d's? into how many b's?

7. c can be separated into how many b's? What is the name of the largest unit that can be found in both c and d an exact number of times?

8. Each of the other units equals what part of c?

9. If b is 1, what is each of the other units?

10. If a is 1, what is each of the other units?

11. If b is 1, how many 1's are there in each of the other units?

12. If d is 1, how many 1's and parts of 1 in each of the other units?

13. 2 is the relation of what units?

14. 3 is the relation of what units?

15. 1⁄2 is the relation of what units?

16. 2⁄3 is the relation of what units?

17. Which units have the relation 3⁄2?

18. Which unit is 3 times as large as 1⁄2 of b?

19. c equals 6 times 1⁄3 of what unit?

20. 1⁄3 of what unit equals 1⁄6 of c?

21. What equals 1⁄2 of c? d equals how many sixths of c?

22. o equals 5 times 1⁄3 of what unit?

23. 1⁄3 of what unit equals 1⁄5 of o?

24. 2⁄3 of d equals what unit? b equals how many thirds of d?

25. 2 is the ratio of d to 1⁄3 of what unit? 3 is the ratio of d to 1⁄2 of what unit?

26. d equals 3⁄4 of what unit? 3⁄4 is the ratio of what units?" [Speer, '97, p. 9f.]



THE RELATIONAL IDEA OVEREMPHASIZED


An inspection of books of the eighties which followed the "Grube metho[2]d" (for example, the New Elementary Arithmetic by E.E. White ['83]) will show undue emphasis on the relational ideas. There will be over a hundred and fifty successive tasks all, or nearly all, on + 7 and − 7. There will be much written work of the sort shown below:
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