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Problem One: Is This An

Animal?

Introduction

Classification is a basic tool of science. It enables scientists to

observe more precisely and to order their observations so that

the relationships may be more easily understood.

We could hardly function without the ability to categorize the

myriad of objects in the world around us. We learn to do this

from birth, as a way of survival. As we grow older, classification

helps us to store and use information. By sorting and grouping

observations in different ways, we solve problems and make

decisions. An ability to observe, discriminate and classify is a

fundamental skill in mathematics and science. However, clas-

sification is more than ordering observations. It is also a process

of naming. Without precise, well-defined terms, there are no

( concepts to classify.

I Animal/Leaf Key, the most structured task in this series, focused

on classification. It investigated students' understanding of one

class of living things, the animals, and students' ability to classify

different types of objects.

Description

Students were asked to say whether or not the

object shown on each card was an animal. If

there was disagreement between the pairon any

card, the administrator put the picture aside and

presented it again after completing the other

cards. Once a decision has been made on all the

cards, the administrator again presented each of

the cards that children had decided were not

animals and asked, "If this isn't an animal, what

is it?"

Materials: Animal cards - 16 black and white

pictures of the following (the

name of each picture was written

on each card):

car, fire, duck, tiger, snail, tree, fish,

elephant, cat, worm, cow, boy,

grass, spider, whale and bumblebee

A Car
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Focus

Many common words are used differently

in science than in everyday life. Animal is

A Tteer
one °ftnem - From an early age,

children form a concept of

what an animal is. They are able to classify correctly

animals that they have never seen, and many use the word

as a generic term for anything that moves under its own
power. As they get older, they learn more technical and

specific names for animals, such as insects and arachnids.

Later, they are introduced to the word animal as a scien-

tific class. This increasing sophistication in

classification and the use of language can

pose probleir.s for students and is typical

of the problems posed by

Vi many scientific concepts.

In science, words are

used to denote some- i a Tree

thing different from theircommon mean-

ing, often without sufficient discussion.

For example, when a person or a worm is classified as an

animal, scientific terminology is likely to

clash with students' intuitive ideas about

what is correct. In its turn, this discord is

apt to interfere with students' ability to

understand the scientific con-

An Elephant cepts involved.

A Fish

A Cat

Results

Between 98 and 100 percent of both fourth and eighth

grade students were sure that an elephant, a tiger,a cat and

a duck were indeed animals. However,

students at both grades became hesitant

when theywere shown pictures other than

those of land animals. While, 85 percent

of the fourth grade and 91 percent of the

eighth grade realized the whale was an

animal, the numbers dropped when stu-

dents looked at the bumblebee. Only 64

^^mnsstâ ' percent of the fourth grade and 75 percent

of the eighth grade agreed it was an

animal. The picture of the worm brought

similar results: 69 percent of the fourth

grade and 73 percent of the eighth grade

felt it was an animal. The picture that

brought the most confusion was the boy, 26 percent of the

fourth grade and 55 percent of the eighth grade agreed it

(
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A Worm

was an animal. Other students

used the following terms:

human, man, male, per- A Boy

son.

Percentage of students replying that

object was an animal.
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tWhen students replied that an

object was not an animal, the ad-

ministrator categorized their

Grass answers to the question

"what is it" according to the

following codes: 1. Synonym (e.g.,

car=auto); 2. Class (e.g., car=vehicle); 3.

Specific (e.g., car=jeep); 4. Description (e.g.,

car=inanimate); 5. Vague; 6. Other.

Most of the children replied in terms of class

(code 2) and there was a slight growth from the

fourth to the eighth grade in this type of

response. For example, 55 percent of the fourth

grade and 60 percent of the eighth grade stu-

dents gave a response such as plant to the pic-

ture of a tree. Others gave a

specific instance such as palm

tree. The same pattern fol-

lowed when categorizing grass.

Fifty-seven percent of the

fourth graders and 65 percent

of the eighth graders answered in terms of class,

classifying it as a plant or using some other

general term.

On the other hand, the objects themselves af-

fected how students responded. Fire proved

difficult for children to classify. Most students

used descriptive terms such as flaming or red,

A Whale



A Duck

A Snail

yellow, blue when asked "what is fire?"

Others described a specific attribute of

fire such as combustible. Still others

referred to its effect (smoke, hot,

dangerous) or gave a

specific example, such as

camp fire. It seems stu-

dents had difficulty finding the "right"

word to clearly state their intended

meaning. This may be explained by the

students' lack of vocabulary or simply

lack of understanding the concept of fire.

It's interesting to note that although the

students did not recognize certain objects

.

as animals, in most cases they used more

specific terminology. The majority of stu-

dents who did not believe that the spider

and worm were animals classified them as

insects. For example, 19 percent of eighth

graders and 15 percent of fourth graders gave a class

categorization such as insect or invertebrate to the picture

of a worm. Some of those who didn't agree that a whale

was an animal labelled it as a mammal.

This, undoubtedly, shows the difficulty

f^ggBKtjS^ faced by students who learn more specific

/ W terminology without understanding how

f^^^fl it relates to their existing conceptual
** ** scheme. The discussion of this 15-year

old student, which is quoted by Osborne

and Freyberg, 1 may express the frustra-

tions of many students, including some in our sample.

A Spider

A Cow

...before we started on science, when we were in the

younger school, when they said animals, you sort of

thought (of) all animals. You didn't sort of class

insects as insects. Everything was just an animal. It

wasn't human. But now...they take things away.

That group is insects. .and mammals or

whatever...and at this age you ars told that everything

is just an animal or a plant„.they're wasting time

where they say that they are splitting everything up.

And then they are just putting everything back

together at the end again.

Surveys which have investigated students' conception of

an animal have illustrated how understanding of what

should be included in the class of things labelled as

"animals" changes with schooling. The graph below shows

A Bumblebee

the proportion of responses to

the question "Is it an animal'

for representative samples of 5

to 15 year old students as well

as 16 and 17 year old biology

students. In comparison, the

percentage of correct respon-

ses among the students in the

assessment group were higher, perhaps a

partner was involved. The involvement and dis-

cussion that occurs with a partner may have

resulted in more thoughtful consideration on

the part of these students.
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representative sample response to "is it an animal?"

The responses above indicate that children tend

to be very inclusive in their initial categoriza-

tions. Then, as they learn more specific ter-

minology, they become more exclusive. Finally,

they begin to learn that the scientific definition

of an animal may differ considerably from their

intuitive understanding. They begin to make the

distinction that, while a lion is an animal, tech-

nically speaking so is a worm and so is a person.

The meaning of words depends

on their context. It is important

that they classify using both

general and specific

frameworks. Students need to

generalize and further reclassify. They need to

understand that a whale is a mammal, which is

a specific type of animal; a kangaroo is an

animal, yet is also a particular type of mammal
called a marsupial.

Fire

1 Much of the background material for our discussion on the concept of an animal was taken from Osborne, R. and P. Freyl>erg. Learning in

Science. Auckland, New Zealand: Heinemann. 1985. Suggestions for student activities in observation and classification can be found in Schools

Council. Like and unlike. London: Macdonald Educational. 1973. Other activities were contributed by Susan Angcll (North Andovcr Public

Schools), Kristen Eastman (Provincetown Public Schools), and Bcmadette Golden (Winchester Public Schools).



Problem Two: Classification of

Clown Cards

second time the percentage dropped slightly

—

92% of the fourth grade students separated the

clowns into mutually exclusive categories and

95% of the eighth grade students did so.

Description

The students were asked to divide the pictures into two

groups according to some attribute, and then to redivide

each group. After each division, they were asked to explain

the basis for their categorization.

M3teri3lS" 12 colored pictures of clown faces with the

following attributes:

hat/ no hat; hat tilt right/left; smile/frown;

light/dark hair; freckles/ no freckles;

eyes open/ eyes closed.

Focus

The set of clowns, with their 6 different attributes, "set the

scene" for the more complicated categorization of natural

objects. The carefully contrived differences that they dis-

play were easily recognized and helped children to think

about the logical processes involved in sorting.

Results

During the first separation of the clowns, the majority of

students (62 percent in both grades) separated the clowns

according to the presence or absence of a hat. Others

separated according to whether or not the clown showed

a smile (16% of the fourth graders, 14% of the eighth

graders) and freckles (14% of the fourth and 17% of the

eighth grade).

Almost all students separated clowns into mutually ex-

clusive categories (i.e., those that represented the

presence or absence of some attribute). As they con-

tinued to separate the clowns into different categories a

This task is typical of many "concept" type tasks

that involve the conjunction and disjunction of

clearly defined attributes. For example, given a

small red triangular block and a small yellow

square, children are often asked to recognize

what attributes the blocks hold in common
(size) and what differs between them (color and

shape). For students who had been exposed to

this type of classification activity, Clowns

proved to be very simple.

Problem Three:

Classification-Leaves

Description

The students were asked to

divide 11 leaves into two groups

based on some characteristic

which they observed. When
both students were satisfied,

they were then asked to name

the characteristic which described each group.

The administrator next asked them to separate

each of these groups into two

other sets and to describe each

of these new sets. Finally, the

'administrator presented the

12th leaf (one that had been

arbitrarily chosen from the

original pack) and asked the students to place it

within their classification scheme.



Students were then asked to repeat the

task using different classifications.

Materials: 12 leaves, laminated in plastic with a letter

attached to the front indicating its type (for

the administrator's use). The leaves dis-

played above and below were used.

Focus

Whereas the clowns presented a clearly

defined set of attributes, most of the real-

world objects presented for categoriza-

tion are fuzzy and ill-defined. Most

classification systems proceed ad hoc, de-

pendent upon the logical clarity of the

creator, as well as her/his ability to define precisely the

differences that distinguish one instance from another.

This open-ended task was designed to in-

vestigate how clearly students were able to

make distinctions between different

groups of leaves and how well they were

E , « / able to articulate those distinctions. It is

typical of the kinds of classification

problems that botanists, biologists and other scientists face

when they attempt to classify real objects or events. Unlike

the previous task which involved the

presence or absence of a set of clearly

defined attributes, some leaf attributes are

mutually exclusive (serrated/not ser-

rated), while others are relative (color,

F size and shape) and a matter ofjudgement.

Results

In devising a classification key, which

strives for clarity, it is more efficient to

concentrate initially on those attributes

that are mutually exclusive and, therefore,

easily recognized. For example, most plant

keys start off with a division between

simple and compound leaves. Only later

do they use more relative attributes such

as shape or size. Students seemed to sense

this. Approximately half the students at

both grades made their first separations in

terms of the presence or absence of a

clearly defined attribute

(simple versus compound; ser-

rated versus smooth edged).

Twenty-one percent of theK
fourth and 22 percent of eighth

graders divided the leaves into

those that were serrated and smooth-edged.

Another 25 percent of eighth grade students

and 14 percent of fourth grader

used compound versus simple ^^
as the distinguishing attribute

in their classification. Color and

size were more often used

during the second divisions.

Whatever their initial categorizations, students

tended to see the same features in the leaves

and eventually placed them,

together in the same sets. For

example, B C F and K were

often placed in the same set and

described as "feather-like." H
and A were placed together, as

were D and L. Students' chief difficulty lay with

the language. They did not have the vocabulary

to describe accurately many of the attributes

that they observed. Although

fourth graders' descriptions of

their categories tended to be

more general than eighth

graders, many at both levels ex-

perienced difficulty in express-

ing the rationale for their

separations.

Two typical examples are as follows. The first is

the classification of a fourth grade pair of stu-

dents.

whole leaves

(one big piece)

designs

(have separations)

long round
I

5 leaves irregular

shapes

(bCEFK) (JGJ) (AH) (DL)



The second is the classification of two eighth graders.

pointy

5 leaves spiney

(
EGIJ) (gCFK) (AH) (dl)

Attitudes

Overall, students seemed to enjoy these tasks, feeling they

were "fun." For most students there was a high degree of

involvement at both grade levels. (Approximately 89% of

fourth graders and 84% of eighth graders remained

engaged throughout completion). However, ad-

ministrators noted that students at grade four tended to

be more enthusiastic about the tasks than at grade eight

(85 percent versus 73 percent). This may have reflected

the fact that some of the older students became bored with

the second repetition of the Clowns and Leaf Key and

were, consequently, less accurate or concerned with ac-

curacy the second time.

A common theme among administrators' comments con-

cerned students' tendency to act first, think later. This was

especially apparent in the Leaf Sorting task, where stu-

dents established their groups with minimal consultation

with one another and, apparently, little thought. In con-

trast, the question of whether an object was or was not an

animal led to interested discussion among some children.

One administrator noted:

They debated the categories for those things which

were not animals. They felt embarrassed at first, but

really got into ft and seemed to enjoy explaining to

each other why their choice of classification made
sense. Much learning seemed to be taking place in

the debate...even to the sharing of definitions and

ranking of the levels of categories.

The tasks raised other questions as well. Not only were

some students interested in learning more about the

leaves (wanting to know what type of trees the

leaves were from), others were interested in

knowing if previously tested students had given

"better" categories than they.

Summary
In contrast to many of the performance tasks,

Animal/Leaf Key examined students' language

and concepts, as well as their ability to solve

problems. Although it appeared to be a very

simple, rather unchallenging task, it yielded

valuable information about students' difficul-

ties in understanding scientific terminology that

adults often take for granted. It also revealed

the differences between different types of clas-

sification tasks.

Language

Students are continually being introduced to

new terminology in their science instruction. It

has been calculated that, during the years from

the kindergarten to twelfth grade, students are

presented with more new vocabulary in their

science curriculum than in their foreign lan-

guage instruction. Add to this the additional

complication that scientists often use familiar

words in special ways. It is no wonder that stu-

dents are often hazy about the meaning of

terms. Furthermore, students' misunderstand-

ing of scientific terminology is not always evi-

dent in the ordinary classroom. When terms

have different meanings for students and

teachers, it is not always apparent. It is impor-

tant, however. When people hold different

meanings for the same word, communication is

no more possible than if they are speaking dif-

ferent languages.

Animal is a good example of the difficulties that

can occur. Children begin with a very general

inclusive meaning to the word: animal can be

anything on four legs. They then are taught

specific words for different types of animal.

Finally, they learn that scientists' idea of animal

is different from what most people would call an

animal. How confusing! Does one term super-

cede the other? Or, are there different ways of



answering in class and in everyday life? Although some

students seemed to understand the classification systems

involved, many did not. This illustrates the need to discuss

and make explicit how different terms are related. Be-

cause language is so natural, this may not be appreciated

by those who are already familiar with the terminology.

Language problems, if not terminology, were apparent in

Leaf Key. Students sorted their groups but found it hard

to define the criteria for their classifications. They lacked

the vocabulary to describe the characteristics ofthe leaves

with any precision. This leads us to question how much

they actually observed about the leaves. Precise and

specific terms help us to focus our attention on a specific

aspect of what we are observing and help us to observe

better. In fact, phenomenon becomes more interesting

only when we observe it closely and are able to describe it

accurately. Again, it seems that the skill of observation is

also related to language and is fostered in conversation,

discussion, and trying to communicate with precision and

accuracy.

Classification

The potential problems in classification are not trivial. The

best systems are not obvious, as witnessed by the number

of existing plant identification keys, each with its own set

of advocates. Students should understand that classifica-

tion systems are arbitrary and dependent upon the use to

which they are put. For example, animals may be classified

according to vertebrates and non-vertebrates, and then

into birds, mammals, reptiles, etc. However, there other

equally legitimate ways of classifying animals, such as the

type of place where they live. What is constant among

classification systems is the progression from general to

particular and the requirement that any specific level must

include all instances contained at that level. It is also

important that students understand the hierarchical na-

ture of classification, and that the concepts used in the

initial divisions are usually the most basic distinctions that

can be made within the group. For example, to sort the

leaves in terms of size, a relative characteristic, is less

effective than to sort them according to their basic shape

(i.e., compound or simple). As in the case of scientific

terminology, the conceptual nature of classification

demands a lot of discussion as well as observation.

Extension for Classroom

Instruction

Students need time to analyze, evaluate and

discuss. They need to develop a listening ap-

preciation of the viewpoints ofothers. Students

also need time to discuss "why." Through class-

room discussion student gain a greater ap-

preciation for new ways of thinking. This is a

valuable learning process as they are made
aware of how and why other viewpoints may

differ from their own. By discussing the reasons

"why" the student decides an animal is or is not

an animal, the students (and teachers) are open

to new ways of thinking.

Students also need practice in the process of

observing, defining and ordering the distinctive

and common properties of different objects.

Listed below are some activities that involve

observation, sorting and grouping within the

context of scientific exploration. Although

most are appropriate for the earlier grades, all

might be thought of as starting points for older

students.

Grouping. Students can collect other things be-

sides leaves—buttons, animal pictures, leaves,

screws, pieces of cloth—and sort them into sets

according to some contrasting properties.

What are the different ways that these objects

can be classified?. Compare and discuss. Are

there any "right" or "wrong" ways to classify?

Are some ways better than others? How many
different ways can the same group of objects be

classified?

Contrasting Groups. Let children choose their

own contrasting properties and ask them to

collect objects that exemplify those properties.

For example, smooth/rough; things that

float/things that sink; things that bend/ things

that are rigid. Can all the objects in each collec-

tion be exclusively categorized according to one

or the other property? For example, docs a

paper boat always float? Are there some rocks

that are hard to classify as either smooth or

rigid? Why is it easier to classify according to

some properties than according to others? This

may lead to a discussion of the difference be-

tween absolute and relative attributes.



Overlapping Sets. Have children make up sets of things

which have something in common: red things, woolen

things, bottles, stamps. How do they sort these out?

Where are the overlapping sets? Drawing Venn diagrams

helps here.

OddMan Out. Give the students a set of buttons and have

each isolate one that is slightly distinct from the others.

Who can identify the one that doesn't belong?

Ordered Sequences. Ask children to classify things accord-

ing to some relative dimensions such as size, weight,

volume, shading. Can we order objects along a con-

tinuum? This calls for some practical measuring activity.

How can we tell which leaf is larger? How canwe measure

the density ofwood? What about the volume of different

containers? What about things that are not regularly

shaped?

Making Discriminations. The ability to make fine dis-

criminations in order to classify objects or occurrences

underlies most scientific experimentation. Ask students to

sort and classify similar objects that show fine distinctions:

smooth stones, glass bottles, cans, screws. Next ask them

to do the same with objects that appear identical but, on

closer inspection, show interesting variation: leaves from

the same plant; seeds from the same packet. The use of a

magnifying glass or a X15 or X20 microscope will help

here.

Extending beyond the Class. Have students investigate

how people classify things in other contexts: library books;

plants; shapes; sailing boats. Catalogues can be useful

here. Ask the students to identify or make up some keys

for the different schemes.

Adaptation for Evaluation

Tasks such as Animal/Leaf Key set the scene for discussion

and communication among children. They allow the

teacher to listen and record the precision of students'

vocabulary as well as the accuracy with which they use

scientific terms. There can be large differences in

students' ability to define terminology and their ability to

use it correctly. By listening and recording how
students express their ideas, teachers can learn

more about students' scientific understanding

than they can by using a short-answer written

test.

An example ofan evaluation task is given below.

Have students:

1. List the major characteristics of plants and

animals.

2. List all the plants and animals that are

known.

3. Test each characteristic to see if it makes a

clear division between all the listed plants

and all listed animals.

4. Choose plants or animals. List known or

observed characteristics of the set. Test

the generality of the characteristics by

attempting to make a division that will

separate all the listed instances into two

distinct groups.

5. Continue with each of the subdivisions,

first listing characteristics before testing

their usefulness by actually placing the

instances.

Note the number of characteristics students list,

the accuracy and precision of their observa-

tions, how well they recognize general defining

characteristics, their ability to foresee or recog-

nize overlapping categories at lower divisions,

and their ability to recognize redundancies.

Some students may know the terminology as-

sociated with the traditional subdivisions;

others may not. However, it is important to

stress that this is not a test of prior knowledge

about classifications systems, that things may be

classified in different ways as long as the system

is hierarchical and that all instances are included

(and not duplicated).

designed by
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