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Introduction

Under RMSA, NCERT has developed professional development packages in 
Science, Mathematics and on generic concerns for the secondary stage teachers. 
It is proposed and approved for the year 2013-14, PAB (RMSA) for sharing of 
these packages with all the states/UT's across the country by conducting three 
day training programmes. As a part of this, RIE Mysore has conducted the 3-day 
training programme to train the Key Resource persons of the state's 
Andhrapradesh, Kerala, Karnataka, Tamilnadu, Puducherry and Union Territories 
Lakshadweep and Andaman and Nicobar Islands, covering the southern parts of 
India from 12.03.2014 to 14.03.2014.

This training programme is being conducted mainly to build the capacity of the 
key resource persons selected from the states of Andhrapradesh, Kerala, 
Karnataka, Tamilnadu. Puducherry and Union Territories Lakshadweep and 
Andaman and Nicobar islands by the SPD's of the respective states/union 
territories with Science, Mathematics and general education backgrounds. These 
key resource persons will be used by the respective states/union territories in 
organizing the training to the teachers in the secondary and tertiary level training 
programmes.

Modalities of the programme

The programme is being organized in two batches one for Science and 
another for Mathematics with some common sessions Continuous Professional 
development, Inclusive education and understanding the adolescent learner.

The following topics are discussed in

Mathematics

1. Teaching of Algebra
2. Teaching of Geometry
3. Teaching of Statistics
4. Teaching of Number System
5. Teaching of Mensuration



 
 

 
 
 
 

 
 
 
 
 
 

Science

1) Photosynthesis
2) Mole concepts Acids, Bases & Salts
3) Periodic table of elements
4) Electricity & Magnetism
5) Heredity & Evolution
6) Caroon and its compounds
7) Light and sound
3) Diversity in living organisms

Generic issues

1) Continuous Professional Development
2) Inclusive Education
3) Understanding the adolescent learner

Almost all the topics in the packages were discussed

Details of all the modules were discussed with the participants. Some of the 
modules have a very few activities. For example the module on photosynthesis 
has thHee'activities and all these activities are oerformed by participants.

During ;he sessions some of the participants expressed the view that the 
modules are comprehensive in its scope. The activities were common and simple. 
They also felt that many of the methodologies applied in teaching the 
concepts/generalization (for example in Mathematics package) that described in 
the training package are already known to them.

The participants sought several ciarifications in some of the aspects like 
photochemical reactions of photosynthesis and asked for a review of the topics. 
This was done to the satisfaction of the participants and they felt happier that 
many of the doubts were clarified. In some of the sessions last half an hour was 
spent on how modules can be prepared on other topics in the text book. A lesson 
plan in Mathematics was also discussed. The teacher must be trained to prepare 
modules for themselves rather than by depending on the modules written and



 

 

supplied by outside agencies. The importance of modules for better concept 
understanding was highlighted during discussions.

Only five participants have attended the programme. Out of which one 
participant left to his home town after attending two days owing to his ill health.



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Topic: Heredity and Esolution (Class X Science)

Date: March 14. 2014 (I Session - 9.30 - 11.00 AM)

By Dr. Mirza fmteyaz Baig, Assistant Professor in Zoology (Contractual), RIEL. 

Mysore

ORGANIC EVOLUTION

Evolution deals with changes undergone by living things, plants and animals over 

a long period of tune. Plants and animals now living are the modified descendants of 

somewhat different plants and animals that lived in times past. These ancestors, in their 

turn, thought of as being the descendants of predecessors that differed from them and so 

on, step by step, back to a beginning shrouded in mystery^ Each animal alive today is the 

product of long evolutionary history.

Darwm s book, "The Origin of Species", published in 1859, was the first widely 

read book on evolution published in English. This classic book focuses on two main 

objectives: 11) evolution is indeed a fact (2) to present evidence in support of theory of 

Natural selection.

What makes us to think that the living world of today is not the same as living 

world as had existed?

The direct evidence on the question just raised comes from the “record of the 

rocks" from the remains of animals that formerly lived but are now known to us only as 

fossils. Geologic record demonstrates that hosts of animals not present in the modern 

world formerly lived. Vs hat became of them, and what was their relationship to modern 

animals?

FOSSILS: The geologic record, or “record of the rocks”, is written in the language of

fossils. In most frequently encountered fossils the harder parts of the animal's body- 
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bones and teeth in the case of vertebrates, shells of molluscs are the remains ol 

prehistoric animal.

Activity 1: The photographs of fossils and different organs were provided to them for 

arrangement.

They arranged the photographs and pasted on a drawing sheet. At the end each 

member was asked as to how they had arranged these photographs of fossils and different 

organs. Based on their response, an elaborate discussion was held to make them 

understand how exactly fossils support the idea of organic evolution.

Conclusion: They were able to arrange fossils based on their previous knowledge 

of vertebrates and invertebrates and concluded that one group of organisms might have 

given rise to higher groups (based on Archaeopteryx,. The study of organs/ structure of 

various groups of organism, they conclude that divergent, convergent and parallel 

evolution has taken place.

Fig. 1: Arrangement of pictures based on Similarities and dissimilarities of different organs and

fossils to study Evolution (Arranged by the KRPs)
2



 

 

 

 

Fig. 2: Arrangement of pictures based on Similarities and dissimilarities of different organs and 

fossils to study Evolution (Arranged by the KRPs)

Activity 2: Observe the ear lobe feature (attached' free), collect the data on the particular 

trait assigned.

An elaborate discussion was held about the dominant and recessive genes their 

phenotypical expression. The same was attributed to the observation regarding the ear 

lobe data tabled.
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Topic: Diversity in Living Organisms (Class IX Science)

Date: March 14. 2014 (IV Session - 3.45 - 5.15 PM)

By Dr. Vareishang Tangpu, Assistant Professor in Zoolog), RIE. Mysore

INTRODUCTION

Biodiversity is a short form for 'biological diversity', it describes the variety of all life 

forms on earth and all the places where it is found. "Biodiversity" is most commonly used to 

replace the more clearly defined and long established terms, species diversity and species 

richness. Biologists most often define biodiversity as the "totality of genes, species, and 

ecosystems of a region".

The training was intended to motivate the KRPs to understand diversity in living 

organisms, and to bring awareness about biodiversity and promote sustainable development 

initiates, to preserve biodiversity of the school premises. Biodiversity provides essential 

ecosystem ser\ ices maintaining life and supporting it.

Diversity in Li\ ing Organisms

Living organisms include the smallest micro-organisms to largest animals and plants. 

They' live on this habitat ‘Earth' together with different habitats, habits, sizes, numbers, 

colours, shapes, lifespan etc. It is humanly impossible to study every species on this earth. 

Therefore, it is an attempt to study the living organisms by arranging them in a very- 

convenient and easy way in naming, classifying, grouping and characterizing them

ACTU IIA 1: Diversity of organisms

ENGAGING: flow many numbers of different lining organisms are countable in this 

picture?



 

 

 

 

 

 

 

 

 

 

i he KRPs counted and concluded it was 10. another said it was 12 and still others

answered it was

EXPLAINING: The total number of species iiving on the planet is imprecisely known, and 

it is assumed the total species could be over 100 millions. This is because there are large 

numbers of species vet undiscovered and undescribed. The total number of known species 

including all animals, plants and micro-organisms is about 1.4 million, and over half of these 

are insects.

Taxonomists have fair? complete records for the best known groups (e.g. birds with 

9, 881 species world-wide). It is now also reasonably clear where the main gaps in our 

knowledge are. and intensive sampling of species-rich groups (e.g. insects) and species-rich 

areas (e.g. moist tropical forests) is now taking place to provide a more reliable picture of 

global and regional species richness, and a stronger basts for estimating the number of 

species.

EXPLORING: Arrange the following organisms in any fashion you want



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EXPLANATION: In order to study the enormous diversity of organisms they need 

to be organised into manageable groups. This grouping of organisms is known as 

cSassifieation and the study of biological classification is called taxonomy. The usual 

method of classifying organisms, although not the only one in existence, follows the system 

originally proposed by the Swedish naturalist Carl Linnaeus (1707-1'7'78) who gave each 

organism a two-part scientific name - a genus name and the species name (e.g. Homo 

sapiens). It is a hierarchical system of groupings based on evolutionary relationships. The 

sequence in the hierarchy is as follows:

1. Kingdom

2. Phylum

3. Class

4. Order

5 Family

6. Genus

7. Species

EXTENDING: The five major groups, or kingdoms, are outlined below

I. Bacteria Kingdom: Only organisms visible under the high power of the light 

microscope. Unlike other organisms (which have eukaryotic cells), they are single 

prokaryotic ceils, i.e. witnout a proper nucleus (the DNA is not protected by a nuclear 

membrane), and live just about everywhere - air, water, soil, or inside animals and plants. 

They are often categorised according to their shape: spherical (cocci) bacteria, rod-shaped 

(bacilli) bacteria. Many are beneficial, others cause disease.

II. Protoctist Kingdom: A wide range of organisms divided into two main groups: single- 

celled protoctists which are larger than bacteria and usually visible under the low power 

of the microscope. The\ may be plant-like, feeding by photosynthesis (e.g. Euglena in 

ponds: Pleurococcus on trees), or animal- like, taking in organic food (e.g. Amoeba and 

Paramecium in ponds). 7hey live mainly in water or inside other organisms algae (e.g. 

seaweeds: Spirogyra blanket weed in ponds) are simple multicellular organisms without 

definite roots, stems or leaves. 7 hey are photosvnthctic and live mainly in water.
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III. Fungus Kingdom: Single-celled (e.g. veast). or multicellular (e.g. mushrooms, and 

moulds such as Pemciiiiutn and bread mould) which grow from a network (mycelium) of 

interwoven threads called hxphae. The hyphae have nuclei, and cell walls containing 

chitin. not cellulose. The> have no chlorophyll and feed saprophvticalh absorbing 

organic substances.

[NB \ iruses do not fit into an\ of the five kingdoms. They are smaller than bacteria and 

consist of genetic material (DNA or RNA) enclosed in a protein coat. They are able to 

replicate themselves inside other living cells, but are generally not considered living as 

the\ do not show many of the characteristics that define a living organism.]

IV. Plant kingdom: The term plant, in everyday usage, generally refers to a complete, 

herbaceous specimen. Some children have difficulty assigning trees, or parts of plants 

(such as fruits, vegetables, flowers or seeds) to the plant kingdom. Plants are multicellular 

organisms able to photosynlhesisc. They have cells with cell walls, nuclei and 

chloroplasts. The largest, most highly evoh’ed and most familiar group is the phylum of 

flowering plants (angiosperms). ihese have flowers for reproduction, produce seeds 

protected inside fruits, and range from small grasses to huge trees (e.g. oak. sycamore, 

fhlit trees). The other phyla are non-flowering, often less conspicuous plants: the non­

flowering trees (conifers) produce seeds in cones (e.g. pine, cypress): ferns 

(pteridophvtes) can be large (e.g. bracken in woods) or small (e.g. water ferns in ponds), 

they have roots, stems and leaves (called fronds) and reproduce by spores; mosses and 

livenvorts (bryophytes) are small plants with tiny leases one cell thick and single- celled 

rootlets, reproduce by spores, common on trees, soil, walls, edges of ponds, etc.

V. Animal kingdom: There is a tendency for children to only regard large land mammals 

as animals. The animal kingdom includes organisms as diverse as humans (including 

babies and children!), fish, worms and limpets. Animals are multicellular, heterotrophic 

organisms. Their cells are without cel! walls, but enclosed within a cell membrane. The} 

have a nervous system and are usually able to move themselves around.

4- 7



 

 

 

 

FAALVATION

QUESTION 1: What kinds ojpredators live in the woods around campus '1 

RESPONSES:

• birds, insects and animals

• pigeons

• snakes, poisonous spiders and crocodiles

• venus fly traps

QUESTION 2: What would happen to the other living things if all the foxes died? 

RESPONSES:

• nothing!

• the rabbits would be happy and more would grow

• the rabbits would grow bigger 

QUESTION 3: Why are there more rabbits than foxes?

RESPONSES:

• so the foxes don't get hungry

• because there's lots of grass

• because someone feeds them

• because rabbits have lots of babies

QUESTIONS: How come the dead plants and animals in the woods disappear? 

RESPONSES:

• they just disappear!

• birds and mice eat them

• they rot. then insects eat them

• people bury them

• they go into the soil and fertilise it. and keep making the soil deeper



 

 

 

 

 

 

 

 

Further activities (Optional) may be carried out to study “diversity” as follows:

ACTIVITY 2: IDENTIFICATION OF BIRDS BY BILLS/BEAKS

Objective: Students will observe different types of beaks of birds and relate these to the bird’s 

method of feeding.

Materials: Lab paper, pictures of birds, pencil

Procedure:

1. Look at the pictures of the birds. Examine the beak of each bird and determine the 

type of each beak based on its shape and function. Some beak types may be used 

more than once.

2. Place your choices on the chart in the column marked Beak for: (Some of the same 

beaks may be found on different birds).

Students are encouraged to observe different types of beaks. You may ask. “Did you 

ever wonder why there are so many types of bird beaks (Ornithologists call them bills)”? The 

most important function of a bird bill is feeding, and it is shaped according to feeding habits. 

You can use the type of bill as one of the characteristics to identify birds. Here are some 

common bill shapes and the food they are especially adapted to eat:

SHAPE TYPE ADAPTATION

'1
Cracker

Seed eaters like sparrows and cardinals have

short, thick conical bills for cracking seed.

TP*?'.. Shredder
Birds of prey like Black Kite, hawks and owls

have sharp, curved bills for tearing meat.

Chisel
Woodpeckers have bills that are long and chisel­

like for boring into wood to eat insects.

<1
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Probe
Sunbird. Hummingbird bills are long and slender

for probing flowers for nectar.

—
Strainer

Some ducks have long, flat bills that strain small

plants and animals from the water.

'Sjsik
Spear

Birds like herons and kingfishers have spear-like

bills adapted for fishing.

Tweezer
Insect eaters like warblers have thin, pointed

bills.

z
Swiss Array Knife

Crows have a multi-purpose bill that allows them

to eat fruit, seeds, insects, fish, and other

animals.

iCTD Ill3: I 7SI7 TO TIO\A7. PARK/ BIODI\ ERSITY RESERVATION

Objectives:

4- To collect animal photos and record their food habits record their voices in tape 

recorder,

4- To write common names of all animals and

4- To take photos which you come across in your day to day life and

4- To understand how much are you dependent on those animals for h hich products:

CYm ❖ Chick ♦> Lion

Goat Tiger ❖ Fox

Buffalo ♦> Bear

Hen ❖ Deer

\0



 

 

 

 

ACTIVITY 4: COLLECTION OF STAMPS OF PLANTS AM) ANIMALS

.An example is depicted for the sake of children. You can collect stamps of any 

country, including that of India, to cultivate the hobby of philately. Good quality stamps can 

be exhibited in competition conducted by Indian Postal Department or Government of India's 

philatelic displays.

Fig. A collection of butterflies from RIF Campus - which was shown io the KRPs to 

study the diversity of butterflies



  
 

 

 

  

 
 

 
 

 

 
 

  

 

 
 

 
 

Lesson Plan

Topic : Linear equations in two variables 
Unit : Algebra
Name of the Teacher: Dr. B.S.P. RAJU.

Class: IX Std. 
Time: 45 minutes 
Date: 7-2-2012

Instructional Objectives:
At the end of the class students will be able to:

i. States the definition of liner equations in two variables
ii. State the characteristics for an equation to be linear equation in two variables.

iii. Cites example for the linear equations in two variables.
iv. Identify linear equations in two variables.
v. Formulates the linear equations in two variables.

Previous Knowledge:
i. Examples of linear equations in one variabte

ii. Conditions on equations to be linear in one variable
iii. Formulation of linear equations in one variable.

Teaching points:
i. Linear equations in two variables is an equation that contains two different 

variables each of degree one.
ii. General form of linear equation in two variable, is ax + by + c = 0, where a, b and 

c are real numbers, with a and b both not equal to zero.

Teaching aids: Nil

Expected learning 
outcomes

Sequential Learning Activities 
with in built evaluation

Evaluation/Blackboard work

1. T: Good morning
2. S3: Very good morning

Sir
3. T: In your earlier classes 

you have learnt iinear 
equations -in one 
variable. Give a few 
examples for linear 
equations in one variable.

Recalls examples 
for linear equations 
in one variable

4. S10:x + 5 = 0 
y - 2= 0
2z = 6

x + 5 = 0 
y - 2 = 3
2z =6

5. T: Why do they are 
called linear equations

States the 
necessary 
condition for

6. S16: These are linear 
equations because, the 
degree of the variable in

CL



 

 
 

 

 
 

 
 
 

 
 

 

 
 

 

 

 

 
 

 
 

 
 
 

 

 
 

 

 
 

 
 

 
 

 
 

 
 

equations to be 
linear

Identifies the
number of 
variables, in the 
equations

them is 1.
7. T: How many variables

are there in each of the 
equations____________

8. S6 : One
9. T: Ram and Rahim 

together have 25 books. 
Rahim have 5 more 
books than Ram. Find 
number of books 'Ram 
and Rahim have?

10. S9: Let x to be the 
number of books Ram 
have. So Rahim will 
have x + 5

Solves the problem 
by formulating the 
linear equation in 
one variable.

x - x + 5 = 25 
2x + 5 = 25
2x = 25 -5 = 20.iex = 10 

So Ram have 10 books Rahim
have 10 + 5 = 15 books.

11. T: Good.. See here on 
the black board a set of 
equations given in one 
column as set A and in 
other column as set B.

All the equations in set A has 
something common which is not 
found in each of the equations of 
set B. Observe and tell me what 
is that?

Set A Set B
1) x + 2v = 3
2) 2r+5s=0
3) u = 2v+4
4) x-2z=6
5) 3t=5u-8

x-y+z=8
n=5
u+v+t=0
2x+y+u+3=5
x+8u=3z

Table - 1

Compare each of 
equations in set A 
& contrasts with 
equations in B and 
states the findings.

12 S7: Equations in set A 
contains two variables 
whereas the equations in 
set B have either ,1 or 
more than 2 variables.

13. T: Yes good in set A, 
each of the equations 
contain two variables.

14. T: Now observe the 
equations in table - 2. 
see the each of the

Set A Set B
1) x + 2 = 0
2) x + y = 5
3) u = 2v+4
4) s-21+56

x2 - 5=3 
X2+Y2=4 
r+2s2 = 0 
r2 +2t-u3= 9

Table - 2

I)



 
 

 
 

 
 
 

 
 
 

 
 

 
 
 

 
 

  

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

equations in set A has 
some thing common and 
which is not found in 
every equation of the set 
B. Try to find that.

Compares and 
contrasts and finds 
the commonalities 
in set A.

15. S10: All the variables in 
each of the equation 
given in set A are of 
degree 1, while it is not 
so in the equations in set 
B.

16. T: Good. Now any one of 
you come to black board 
and write a few equations 
which contain two 
variables and each of 
degree 1.

Writes the 
equations

17. S2 .-(Writes) x+3y=10 
2t+5=3u

18. T: Good. What do you 
call an equation 
containing variables of 
degree 1.

Recalls from the
previous
knowledge.

19. S3: It is a linear equation.

20. T: Yes can anyone state 
what is a linear equation 
in two variables.

Tries to define in 
his own words

21. S5: A linear equation in 
two variables is an 
equation that contains 
two variables and degree
1.

22. T : Then is this x + 2y2 =

a linear equation in two 
variables.

Recognises the 
lack of necessary 
condition

23. SI: No, Sir, because one 
of the variable is of 
degree 2.

24. T : Can any one restates 
the definition given by S5



 
 

 
 
 
 

 
 
 
 

 
 

 

 

 
 

 

 

 
 

 
 

 

 
 
 

 

 
 

Modifies the 
definition given by 
s5

Give examples

25. St A linear equation in 
two variables is an 
equation that contains 
two variables and each of 
degree 1.

26. T: Yes good. So a linear 
equation in two variables 
is an equation having two 
variables and each of 
degree 1.

27. T: S7 give two examples 
of linear equation in two 
variables.

28. S7 : 1) 15u - t = 0
2) x - 8y = 5

29. T: Good. (write an
equation on the black 
board)

Is this a linear equation in two 
variables

X = 8

30. S5 : No

31. T: Why?
Identifies the lack 
of necessary 
condition

32. S5: Because it does not 
contain two variables.

33. T: (writes) Is this a linear 
equation in two variables.

34. S8: Yes.

35. T: Why?

T + 5u = 8

Identifies the 
sufficient 
condition for an 
equation to be 
linear in two 
variables.

36. SS: Because it contain 
two variables and also 
each of the variable is of 
degree 1.

37. T (.writes) Is this a linear 
equation in two variable

38. S5 : No

39. T: Why?

t2 = 5 •

Identifies lack of
necessary
condition

40. S5: It is not linear, 
because the variable is of 
degree 2.



 
 

 

 
 
 
 
 

 
 
 
 
 

 

 
 
 
 

 

 

  
 
 
 
 

 

Classifies the 
linear equations in 
two variables and 
others

41. T: Yes. for an equation to 
be linear in two variables 
it should contain two 
variables and also each 
variable should be of 
degree 1.

42. T: (Writes a set of 
equations on the black 
board) write down the 
equations which are 
linear in two variables 
and that are not.

43. S6: Writes.

Linear equations in two variables 
are equations: 1,3, 7 & 10

44. T: Miss. Kalyani has a 
few hen and a few pigs in 
hen form. Total legs of 
the hens and pigs are 50 
and the heads are 17.

Can you express these in the 
form of equations.

45. S : (Silence)

46. T: Is one variable enough 
to represent the situation.

47. S: Looks no.

48. T: Then how many
variables will it be better.

1) x + y = 8
2) 2x2 - y = 4
3) 2t + u= 10
4) x2 - u2 = t2
5) x3 - y3 = 8
6) x + y = 2l
7) s + 2u = -8

8) r + s2 = t2
9) a + b = c
10) 5a + 6b = 9

Identifies the 
variables

49. S: May be we require 
two variables one for 
pigs and one for hens. 
So let the number of hens 
be x and the number of 
pigs be y.

50. T: Then how many
heads each one of the hen 
and the pigs has,

tie



 

 

 
 

 
 

 
 

 
 
 

 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 

 

51. S: Each one has one 
head.

52. T: How many heads x 
hens and y pigs have.

Represents in the 
form of an 
equation.

53. S: x x 1 + y + 1 = x + y
But it is given equal to 17 
x + y = 17
54. T: Now can you 

represent the legs of the 
hen and pigs in equation 
form.

55. S: 2x + 4y = 50

56. T: Each student in IX 
class has 4 text books 
and 6 Note books and 
each student in V class 
has 2 text books 2 Note 
books. Total number of 
text books are 100 and 
the note books are 140 
can you represent these 
in the form of equations.

Represents the data 
in the form of 
equation

57. S: Let x be the no. of IX 
class students and let y 
be the no. of V class 
students.

then
4x + 2y= 100
6x + 2y= 140

38 T: In a right angled 
triangle, write the
equation representing the 
sum of the other two 
angles (besides the right 
angle) What are the 
variables?

59 S16: [B+lC = 90°

60 T: Do this problem at 
your home.

C

k £

n



 
 
 
 
 

Prabhakar has a few Rs. 5/- 
notes and a few Rs. 10/- 
notes. Total value of the 
money is 125. Can you 
express this as a linear 
equation in two variables.



 

 

 

 

 

 
 

 

 

 

 

flic dialogue 
nos.

Description

3-4 Review of prerequisite number (i)
5-8 Review of prerequisite number (ii)
9-10 Review of prerequisite number (iii)
11-13 Identifying one of the essential attribute of the concept.
14-15 Identifying of other essential attribute of the concept.
16-17 Eliciting the examples of the concept without formally defining
18-21 Eliciting the definition of the concept in their own words using the 

previous knowledge (18-19).
22-25 Teacher correcting the students definition by giving a counter 

example in dialogue 22.
26 Teacher confirming the definition given by the student by restating 

with an appreciation
- Achieved the objective (1)
27-28 Eliciting the examples of the concept using the definition of the 

concept
Note the difference between the dialogues 16-17 and 27-28. In 16-17 
it is te examples but it is in the process of defining the concept 
whereas in 27-28 it is the examples of the concept.

29-32 Giving a non example with one of the attribute missing and eliciting 
a reason for it being a non example.

33-36 Giving an example and eliciting the reasons for it being an example.
37-40 Giving a non example with another attribute missing and eliciting a 

reason for it being a non example
41 Giving the essential attributes of the concept

Attained the objective (ii)
42-43 Identifying the equations which are linear in two variables
44-45 Formulating linear equation in two variables
56-57 Evaluating the formulation of the linear equations in two variables

Attained the objective (V)

Strategy for linear equation into two variables
Compare and contrasts (11-15) - Defines (16-26) - gives examples (27-28)__non
example with a reason (29-32) - example with a reason (33-36) - non example with a 
reason (37-40) - sufficient condition (41) - classifies (42-43)

Strategy for formulating linear equation in two variables.
Example (44-45) - evaluation (55-57)

introducing the topic by reviewing the pre-requisites (1-10) Development of the lesson. 
(11-57)
Review (58)
Assignment (60)
Note: Numbers are the serial number of the dialogues.
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Those Who Understand: 
Knowledge Growth in Teaching

LEE S. SHULMAN 
Stanford University

"He who can, does.
He who cannot, teaches. "

I don’t know in what fit of pique 
George Bernard Shaw wrote that 
infamous aphorism, words that 
have plagued members of the teach­
ing profession for nearly a century. 
They are found in “Maxims for 
Revolutionists,” an appendix to his 
play Man and Superman. “He who 
can, does. He who cannot, teaches” 
is a calamitous insult to our profes­
sion. yet one readily repeated even 
by teachers. More worrisome, its 
philosophy often appears to under­
lie the policies concerning the occu­
pation and activities of teaching.

Where did such a demeaning im­
age of the teacher's capacities ori­
ginate? How long have we been bur­
dened by assumptions of ignorance 
and ineptitude within the teaching 
corps? Is Shaw to be treated as the 
last word on what teachers know 
and don’t know, or do and can’t do?

Yesterday’s Examinations
We begin our inquiry into concep­

tions of teacher knowledge with the 
tests for teachers that were used in 
this country during the last century

This paper was a Presidential Ad­
dress at the 1985 annual meeting of 
the American Educational Research 
Association, Chicago. Preparation of 
this address and of the research pro­
gram "Knowledge Growth in 
Teaching" was supported in part by 
a grant from the Spencer Foundation.

Lee S. Shutman is Professor of 
Education and Affiliate Professor of 
Psychology at the School of Educa­
tion. Stanford University. Stanford. 
CA 94305. His specializations are 
teacher education and the cognitive 
psychology of instruction.

at state and county levels. Some 
people may believe that the idea of 
testing teacher competence in sub­
ject matter and pedagogical skill is 
a new idea, an innovation spawned 
in the excitement of this era of edu­
cational reform, and encouraged by 
such committed and motivated na­
tional leaders as Albert Shanker, 
President, American Federation of 
Teachers; Bill Honig, State Super­
intendent of Schools, California; 
and Bill Clinton, Governor of 
Arkansas. Like most good ideas, 
however, its roots are much older.

Among the most fascinating ar­
chives in which to delve are the an­
nual reports of state superinten­
dents of education from over a cent­
ury ago, in which we find copies of 
tests for teachers used in licensing 
candidates at the county level. 
These tests show us how teacher 
knowledge was defined. Moreover, 
we can compare those conceptions 
with their analogues today. I have 
examined tests from Massachu­
setts, Michigan, Nebraska, Colo­
rado, and California. Let us take as 
a representative example the Cali­
fornia State Board examination for 
elementary school teachers from 
March 1875 and first look at the 
categories the examination covered:

1. Written Arithmetic
2. Mental Arithmetic
3. Written Grammar
4. Oral Grammar
5. Geography
6. History of the L’r.ited 

States
7. Theory and Practice of 

Teaching
8. Algebra
9. Physiology

10. Natural Philosophy 
’’Physics)

11. Constitution of the United 
States and California

12 School Law of California

13. Penmanship
14. Natural History (Biologyi 
1 C' nmnomU’
feWa Jl Vi VI1

16. Reading
17. Orthography
18. Defining (Word Analysis 

and Vocabulary)
19. Vocal Music
20. Industrial Drawing
The total number of points possi­

ble on this day-long essay examina­
tion was 1,000. The examiners were 
instructed to score for the correct­
ness of responses and to deduct 
points for errors of composition, 
grammar, or spelling. What kinds 
of questions were asked on the ex­
amination? We shall review some 
from several of the categories.

• Find the cost of a draft on New 
York for $1,400 payable sixty days 
after sight, exchange being worth 
102 1/2 percent and interest being 
reckoned at a rate of 7 percent per 
annum. (Written Arithmetic, one of 
ten items)

• Divide 88 into two such parts 
that shall be to each other as 2/3 is 
to 4Z5. (Mental Arithmetic, one of 
ter. items)

• Wrhen should the reciprocal 
pronouns one another and each 
other be used? the correlative con­
junctions so as and as as?

• Name and illustrate five forms 
of conjugation. Name and give four 
ways in which the nominative case 
may be used. (Grammar, two of ten 
items)

• Define specific gravity. Why 
may heavy stones be iifted in water 
when on land they can scarcely be 
moved?

• What is adhesion? What is 
capillary attraction? Illustrate each. 
(2 of 10 items from Natural 
Philosophy)

• Name five powers vested in 
Congress.
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Lest you think that all of the 
items on the 1875 California Teach­
ers Examination deal with subject 
matter alone, rest assured that 
there is a category for pedagogical 
practice. However, only 50 out of 
the total 1,000 possible points are 
given over to the 10-item subtest on 
Theory and Practice of Teaching. 
Examples of those items are:

• What course would you pursue 
to keep up with the progress in 
teaching?
• How do you succeed in teaching 
children to spell correctly the words 
commonly misspelled?

• How do you interest lazy and 
careless pupils? Answer in full (1).

All the tests I have found from 
that period follow the same pattern. 
Ninety to ninety-fivp percent nf the 
test is on the content, the subject 
matter to be taught, or at least on 
the knowledge base assumed to be 
needed by teachers, whether or not 
it is taught directly. Thus, aspects 
of physiology are apparently 
deemed necessary because of the 
expectation that teachers under­
stand the biological functioning of 
their pupils.

How closely did the actual tests 
administered resemble these I have 
read0 What was it like to take one 
of these examinations? A useful 
source for addressing such ques­
tions is the autobiographical liter­
ature by teachers, one of the most 
useful compendia of which is 
Women's “True”Profession, a col­
lection of excerpts from the diaries 
or memoirs of women teachers. 
Among these, we find the following 
reminiscence of Lucia Downing 
(cited in Hoffman, 1981). She re­
ported on the taking of her initial 
county examination in 1881. as ad­
ministered by her family physician, 
who also served one day per month 
as county superintendent.

When my sister, already a teacher, 
went to take another examination, the 
spring I was thirteen. I went along too, 
and said to the doctor, who was only a 
superintendent that day, that, if he had 
enough papers, I should like to see how 
many questions I couiu answer. The 
doctor smiled at me, and gave me an 
arithmetic paper for a starter. It proved 
to be easy, for it brought in some favor­
ite problems in percentage, which would 
be an advantage to a merchant, as they 
showed how- to mark goods in such a 
way tnat one could sell below the 

February 1986

marked price, and still make a profit. I 
guess all merchants must have studied 
Greenleaf’s Arithmetic'. There was 
another problem under the old Vermont 
Annual Interest Rule... and then 
proudly started on Grammar. I knew I 
could do something with that, for I loved 
to parse and analyze and "diagram," ac­
cording to Reed and Kellogg. In fact, 
my first knowledge, and for many years 
my only knowledge of "Paradise Lost" 
was gleaned from a little blue parsing 
book....

Next came Geography. Though I had 
never traveled farther than Burlington, 
I knew, thanks to Mr. Guyot and his 
green geography, that Senegambia was 
"rich in gold, iron ore and gum- 
producing trees." ... History and Civil 
Government were pretty hard for me, 
but next came Physiology, and I made 
the most of my bones and circulatory 
system, hoping to impress the physi­
cian. But it was in Theory and School 
Management that I did myself proud. I 
discoursed at length on ventilation and 
temperature, and knowing that "good 
government" is a most desirable and 
necessary qualification for a teacher, I 
advocated a firm, but kind and gentle 
method, with dignity of bearing. In giv­
ing my views of corpora' punishment,
I related a story I had read of the 
Yankee teacher who was asked his 
views on the subject. He said, "Wal, 
moral suasion's my theory, but lickin's 
my practice ’

Finally, one morning, there was an 
envelope addressed in Dr. Butler's 
scholarly hand. (and) out fluttered 
two veliow slips—two certificates, en­
titling the recipients to teach in Ver­
mont for one year. And one was in my 
name! I cannot recall any subsequent 
joy equal to what I felt at that 
moment—even a college diploma and a 
Phi Beta Kappa key, in later years, 
brought less of a thrill (pp. 29-30).

The assumptions underlying 
those tests are clear. The person 
who presumes to teach subject mat­
ter to children must demonstrate 
knowledge of that subject matter as 
a prerequisite to teaching. Although 
knowledge of the theories and 
methods of teaching is important, it 
plays a decidedly secondary role in 
the qualifications of a teacher.

Today’s Standards
The emphasis on the subject mat­

ter to be taught stands in sharp con­
trast to the emerging policies of the 
1980’s with respect to the evalua­
tion or testing of teachers. Nearly 
every state is reexamining its ap­

proaches to defining what teachers 
must know to be licensed and sub­
sequently tenured. Many states 
have introduced mandatory exami­
nations, but these do not typically 
map onto the content of the curric­
ulum. They are rests of basic abili­
ties to read, write, spell, calculate, 
and solve arithmetic problems. 
Often they are treated as prereq­
uisites for entry into a teacher 
education program rather than as 
standards for defining eligibility to 
practice.

In most states, however, the 
evaluation of teachers emphasizes 
the assessment of capacity to teach. 
Such assessment is usually claimed 
to rest on a “research-based" con­
ception of teacher effectiveness. I 
shall take as my example a list of 
such competencies prepared by a 
state that I briefly advised during 
its planning for a state-wide system 
of teacher evaluation. The following 
categories for teacher review and 
evaluation were proposed:

1. Organization in preparing 
and presenting instructional 
plans

2. Evaluation
3. Recognition of individual 

differences
4. Cultural awareness
5. Understanding youth
6. Management
7. Educational policies and 

procedures
As we compare these categories 

(which are quite simi.ar to those 
emerging in other states) to those 
of 1875, the contrast is striking. 
Where did the subject matter go? 
What happened to the content? Per­
haps Shaw was correct. He ac­
curately anticipated the standards 
for teaching in 1985. He who 
knows, does. He who cannot, but 
knows some teaching procedures, 
teaches.

Yet policymakers justify the 
heavy emphasis on procedures by 
referring to the emergent research 
base on teaching and teaching effec­
tiveness. They regularly define and 
justify these categories by the ex­
tremely powerful phrase “research- 
based teacher competencies.' In 
what sense can it be claimed that 
such a conception of teaching com­
petence is research based?

The designers of recent ap- 
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proaches to teacher evaluation cite 
the impressive volume of research 
on teaching effectiveness as the 
basis for their selection of domains 
and standards, and in fact, this basis 
is valid. They base their categories 
and standards on a growing body of 
research on teaching, research clas­
sified under the rubrics of “teaching 
effectiveness," “process-product 
studies," or “teacher behavior" 
research. These studies were de­
signed to identify those patterns of 
teacher behavior that accounted for 
improved academic performance 
among pupils.

Whether by contrasting more ef­
fective with less effective teachers 
or by conducting experiments in 
which teachers were trained to em­
ploy specific sets of teaching be­
haviors and monitoring the results 
for pupil achievement, this research 
program has yielded findings on the 
forms of teacher behavior that most 
effectively promote student learn­
ing. The work has been criticized 
from several perspectives, both 
technical and theoretical, but for 
our purposes 1 would consider the 
research program a thriving and 
successful one (Shulman, 1986).

Nevertheless, policymakers' deci­
sion to base their approaches to 
teacher evaluation standards on this 
work is simultaneously the source of 
their greatest strength and their 
most significant weakness. What 
policymakers fail to understand is 
that there is an unavoidable con­
straint on any piece of research in 
any discipline (Shulman, 1981J. To 
conduct, a piece of research, 
scholars must necessarily narrow 
their scope, focus t’neir view, and 
formulate a question far less com­
plex than the form in which the 
world presents itself in practice. 
This holds for any piece of research; 
there are no exceptions. It is cer­
tainly true of the corpus of research 
on teaching effectiveness that 
serves as the basis for these con­
temporary approaches to teacher 
evaluation. In their necessary sim­
plification of the complexities of 
classroom teaching, investigators 
ignored one central aspect of class­
room life: the subject matter.

This omission also characterized 
most other research paradigms in 
the study of teaching. Occasionally 
subject matter entered into the re­

search as a context variable—a con­
trol characteristic for subdividing 
data sets by content categories 
(e.g., “When teaching 5th grade 
mathematics, the following teacher 
behaviors were correlated with out­
comes. When teaching 5th grade 
reading,. . . "). But no one focused 
on the subject matter content itself. 
No one asked how subject matter 
was transformed from the knowl­
edge of the teacher into the content 
of instruction. Nor did they ask how 
particular formulations of that con­
tent related to what students came 
to know or misconstrue (even 
though that question had become 
the centra! query of cognitive 
research on learning).

My colleagues and I refer to the 
absence of focus on subject matter 
among the various research para­
digms for the study of teaching as 
the “missing paradigm" problem. 
The consequences of this missing 
paradigm are serious, both for 
policy and for research.

Policymakers read the research 
on teaching literature and find it 
replete with references to direct in­
struction, time on task, wait time, 
ordered turns, lower-order ques­
tions, and the like. They find little 
or no references tc subject matter, 
so the resulting standards or man­
dates lack any reference to content 
dimensions of teaching. Similarly, 
even in the research community, 
the importance of content has been 
forgotten. Research programs that 
arose in response to the dominance 
of process-product work accepted 
its definition of the problem and 
continued to treat teaching more or 
less genericaliy, or at least as if the 
content of instruction were relative­
ly unimportant. Even those who 
studied teacher cognition, a 
decidedly non-process/product per­
spective, investigated teacher plan­
ning or interactive decisionmaking 
with little concern for the organiza­
tion of content knowledge in the 
minds of teachers. I shall have more 
to say about the missing paradigm 
and its investigation a bit later. Let 
us now return to the question with 
which we began.

Content and Pedagogy in the 
History of the Academy

Why this sharp distinction be­
tween content and pedagogical pro­

cess? Whether in the spirit of the 
lS70s, when pedagogy was essen­
tially ignored, or in the 1989s, when 
content is conspicuously absent, has 
there always been a cleavage be­
tween the two? Has it always been 
asserted that one either knows con­
tent and pedagogy is secondary and 
unimportant, or that one knows 
pedagogy and is not held account­
able for content?

I propose that we look back even 
further than those 1875 tests for 
teachers and examine the history of 
the university as an institution to 
discern the sources for this distinc­
tion between content knowledge 
and pedagogical method.

In Ramus, Method and the Decay 
of Dialogue, Father Walter Ong 
(1958) presents an account of teach­
ing in the medieval universit}' in a 
chapter with the captivating title 
“The Pedagogical Juggernaut." He 
describes a world of teaching and 
learning in those universities, 
where instead of separating content 
and pedagogy (what is known from 
how to teach it), no such distinction 
was made at all. Content and 
pedagogy were part of one indistin­
guishable body of understanding.

Tc this day, the names we give 
our university degrees and the 
rituals we attach to them reflect 
those fundamental connections be­
tween knowing and teaching. For 
example, the highest degrees 
awarded in any university are those 
of “master" or “doctor," which 
were traditionally interchangeable. 
Both words have the same defini­
tion; they mean “teacher." “Doc­
tor" or "dottore” means teacher; it 
has the same root as “doctrine," or 
teaching. Master, as in school 
master, also means teacher. Thus, 
the highest university degree en­
abled its recipient to be called a 
teacher.

Ong’s (1958) account of these 
matters is enlightening:

The universities were, in principle, 
normal schools, not institutions of 
general education. This was true of all 
faculties: arts, medicine, law, and 
theology; and it was most true at Paris 
and at universities modeled on Paris 
(rather than on Bologna), such as Ox­
ford and Cambridge and, later the Ger­
man universities. Such universities were
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in brief, mediev-al guilds, or were com­
posed of four teachers’ guilds or 
faculties with their associated pupils. 
The degree of master or doctor (the 
terms were equivalents, varying from 
university to university or from facul­
ty to faculty) was the formal admission 
to the guild, just as the bachelorship 
which preceded it was admission to the 
body of apprentice teachers.

.. .Officially, the bachelor of arts was 
an apprentice teacher on the arts facul­
ty; bachelors of theology were appren­
tice teachers of theology, condemned to 
a long round of "practice” teaching; and 
bachelor butchers were apprentice 
butchers—for all these people were 
members of their respective trade 
guilds.

... A physician whom a university 
faculty certifies as a practitioner of 
medicine is called a "doctor" of 
medicine, as though he were going to 
teach medicine, just as in some coun­
tries, one trained to practice the law is 
aiso called "master ' or its equivalent 
Graduation, too, is still a "commence­
ment” or inceptio—in theory, the begin­
ning of a teaching career, (pp. 153-1541

The inceptio of which Ong writes 
was the ceremony of doctoral 
examination—the final stage of de­
monstration that one possessed the 
necessary capacities for the highest 
university degree. The basic struc­
ture of the examination has re­
mained constant to this day in the 
final oral examination for the doc­
torate. The purpose of the examina­
tion is to demonstrate that the can­
didate possesses the highest levels 
of subject matter competence in the 
domain for which the degrep is 
awarded. How did one demonstrate 
such understanding in medieval 
times? By demonstrating the abili­
ty to teach the subject (Ong, 1985):

Arrived at the cathedral, the licen­
tiate delivered a speech and read a 
thesis on some point of law. which he 
defended against opponents who were 
selected from among the students, the 
candidates thus playing for the first 
time the part of a doctor in a university 
disputation, (pp. 227-228)

Consider the still current form of 
the ora! exam. First, the candidate 
presents a brief oral exposition of 
the thesis. He then defends the 
thesis in dialogue with the examin­
ers. These parallel the two modes of 
teaching; the lecture and the 
disputation. The oral examination is 
the ultimate test of subject matter 
expertise; it examines the can­

didate's ability to teach the subject 
by employing the dual method of 
lecture and discussion.1

The universities were, therefore, 
much like normal schools: institu­
tions for preparing that most 
prestigious of professionals, the 
highest level of scholar, the teacher. 
The tradition of treating teaching as 
the highest demonstration of 
scholarship was derived from the 
writings of a far greater authority 
than George Bernard Shaw on the 
nature of knowledge. Aristotle, 
whose works formed the heart of 
the medieval curriculum, made 
these observations in Metaphysics 
(cited in Wheelwright, 1951).

We regard master-craftsmen as 
superior not merely because they have 
a grasp of theory and knnw the reasons 
for acting as they do. Broadly speaking, 
what distinguishes the man who knows 
from the ignorant man is an ability to 
teach, and this is why we hold that art 
and not experience has the character of 
genuine knowledge (episteme)—namely, 
that artists can teach and others (i.e., 
those who have not acquired an art by 
study but have merely picked up some 
skill empirically) cannot, (p. 69)
We thus find in Aristotle a very dif­
ferent view of the relationship be­
tween knowing and teaching than 
we find in either Shaw or in the cri­
teria for certification and licensure 
in some of our sovereign states.

Lest my readers conclude that the 
medieval university was a pedagog­
ical utopia, to whose practices we 
need only return to redress the im­
balances that plague contemporary 
teaching policies, permit me to pro­
vide a coupie of counterexamples. 
From the classic treatise on the 
medieval university. Rashdall’s 
(1895/1936) The Universities of 
Europe in the Middle Ages, relates 
how problems of accountability 
were handled.

Punctuality is enforced with extreme 
rigour. The professor was obliged to 
begin his lecture when the bells of St. 
Peter's began to ring for mass, under 
a penalty of 20 solidi for each offence, 
though he has the privilege of beginning 
at an earlier hour if he pleases; while he 
is forbidden to continue his lecture one 
minute after the bell has begun to ring 
for tierce. To secure the observance of 
the statute a more effectual means is 
adopted even than that of fining the 
doctor: his pupils are required under a 
penalty of 10 solidi to leave the lecture- 
room as soon as the bell begins.

Ever, in the actual conduct of his lec­
tures the doctor is regulated with the 
precision of a soldier on parade or a 
reader in a French public library He is 
fined if he skips a chapter or oecretal: 
he is forbidden to postpone a difficulty 
to the end of the lecture lest such a liber­
ty should be abused as a pretext for 
evading it altogether In medieval as in 
modern times lecturers had a tendency 
to spend a disproportionate time over 
the earlier portions of a book, and so 
leave none for the rest. With a view to 
checking this practice, an expedient was 
adopted at Bologna which became uni­
versal in the law-universities of 
Southern Europe. The law-texts were 
divided into portions knewn as punac; 
and the doctor was required to have 
reached each punctum by a specified 
date. At the beginning of the academical 
year he was bound to deposit the sum 
of 10 Bologna pounds with 9 banker [the 
stakeholder was known as the 
Depositanus], who promised to deliver 
it up at the demand of the rectors for 
every day that the doctor was behind 
time, a certain sum was deducted from 
his deposit by order of these of­
ficials. . . . (pp. 196-197)

The medieval university was 
therefore hardly a paradise for its 
teachers, especially in Bologna, 
where the university was a guild of 
students that hired teachers (in con­
trast to the Paris model of a guiid 
of teachers selling services to 
students). Moreover, it was also 
deeply flawed by an ultimate liabili­
ty; it was open only to men and 
boys. This deficiency may account 
more than most others for the in­
ability of the medieval university to 
accomplish as much as one would 
have hoped.

The Missing Paradigm
We have thus seen that the sharp 

distinction between knowledge and 
pedagogy does not represent a 
tradition dating back centuries, but 
rather, a more recent development. 
Moreover, identification of teaching 
competence with pedagogy aione 
was not even commonplace during 
Shaw's time A century ago the 
defining characteristic of pedagog­
ical accomplishment was knowledge 
of content.

The pendulum has now swung, 
both in research and in policy 
circles. The missing paradigm 
refers to a blind spot with respect 
to content that now characterizes
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most research on teaching and, as 
a consequence, most of our state- 
level programs of teacher evalua­
tion and teacher certification.

In reading the literature cf 
research on teaching, it is clear that 
central questions are unasked. The 
emphasis is on how teachers 
manage their classrooms, organize 
activities, allocate time and turns, 
structure assignments, ascribe 
praise and blame, formulate the 
levels of their questions, plan 
lessons, and judge general student 
understanding.

What we miss are questions about 
the content of the lessons taught, 
the questions aked, and the explana 
tions offered. From the perspec­
tives of teacher development and 
teacher education, a host of ques­
tions arise. Where do teacher ex­
planations come from? How do 
teachers decide what to teach, how 
to represent it, how to question stu­
dents about it and how' to deal w’ith 
problems of misunderstanding0 The 
cognitive psychology of learning 
has focused almost exclusively or. 
such questions in recent years, but 
strictly from the perspective of 
learners. Research on teaching has 
tended to ignore those issues with 
respect to teachers. My colleagues 
and I are attempting to redress this 
imbalance through our research 
program, "Knowledge Growth in 
Teaching.’'

What are the sources of teacher 
knowledge0 Wrhat does a teacher 
know and when did he or she come 
to know it: How is new knowledge 
acquired, oid knowledge retrieved, 
and both combined to form a new' 
knowledge base?

We assume that most teachers 
begin w'ith some expertise in the 
content they teach. (This may be an 
unfounded assumption, and the con­
sequences of varying degrees of 
subject matter competence and in­
competence have become a serious 
topic of our research as well.) 
Secondary teaching candidates, in 
particular, have typically completed 
a major in their subject speciality.

Our central question concerns the 
transition from expert student to 
novice teacher. How' does the suc­
cessful college student transform 
his or her expertise in the subject 
matter into a form that high school 
students can comprehend? When

this novice teacher confronts flawed 
or muddled textbook chapters or be­
fuddled students, how does he or 
she empioy content expertise to 
generate new explanations, repre­
sentations, or clarifications? What 
are the sources of analogies, 
metaphors, examples, demonstra­
tions, and rephrasings? How does 
the novice teacher (or even the 
seasoned veteran) draw' on exper­
tise in the subject matter in t.he pro­
cess of teaching? W’hat pedagogical 
prices are paid when the teacher's 
subject matter competence is itself 
compromised by deficiencies of 
prior education or ability?

Our work doss not intend to 
denigrate the importance of 
pedagogical understanding or skill 
in the development of a teacher or 
in enhancing the effectiveness of in­
struction. Mere content knowledge 
is iikely to be as useless pedagogic­
ally as content-free skill. But to 
blend properly the twm aspects of a 
teacher’s capacities requires that 
we pay as much attention to the 
content aspects of teaching as we 
have recently devoted to the ele­
ments of teaching process.

In our research, we have focused 
on the development of secondary 
teachers in English, biology, 
mathematics, and social studies. 
Our participants are all in Califor­
nia, thus each has already com­
pleted a bachelor’s degree in the 
subject to be taught or has earned 
a waiver by examination. We are 
devoting at least one year, and 
often two, to the study of each 
novice teacher. We begin wdth their 
year of teacher preparation (which 
is nearly three-quarters completed 
as this paper is written) and, 
whenever possible, we w'ill follow' 
them into their first year of full­
time teaching.

Our initial goal has been to trace 
their intellectual biograpiiy—that 
set of understandings, conceptions, 
and orientations that constitutes 
the source of their comprehension 
of the subjects they teach. This ap­
proach to assessing their content 
knowledge is quite different from 
the methods typically used to 
measure teacher content knowledge 
in the research literature; namely, 
administering an achievement test 
and employing a total test score as 
the index of teacher knowledge.

We follow' them closely during 
this teacher-education year, con­
ducting regular interviews, asking 
them to read and comment on 
materials related to the subjects 
they teach, and observing their in­
struction after having engaged 
them in a planning interview'. W’e 
also gather data on the teacher 
education program in which they 
are prepared and the impact of both 
formal and informal preparation ex­
periences on their pedagogy. Most 
of these references emerge natural­
ly in the course of frequent conver­
sations during the year.

A number of strategic research 
sites and key events are particular­
ly illuminating for our understand­
ing of how' knowledge grows in 
teaching. Often a young teacher w-ill 
be expected to teach a topic that he 
or she has never previously learned. 
For example, the biology major en­
counters a unit on levers and sim­
ple machines in a general science 
course. The English major must 
teach a novel or play never 
previously encountered. The 
political science major with strong 
preparation in Central America 
confronts a unit on India or the Mid­
dle East. Even the math major en­
counters such occasions, as when 
teaching introductory topics in 
algebra or geometry, topics he or 
she has not encountered since high 
school or even earlier. How does the 
teacher prepare to teach something 
never previously learned0 How does 
learning for teaching occur0

Another strategic site occurs in 
conjunction w'ith sections of text­
books that the teacher finds prob­
lematic, flawed in their conception 
of the topic, incomplete in their 
treatment, or inadequate in ex­
planation or use of examples. How- 
are these deficiencies in curriculum 
materials (which appear to be com­
monplace) apprehended and dealt 
with by teachers? How do teachers 
take a piece of text and transform 
their understanding of it into in­
struction that their students can 
comprehend?

We are not alone in our interest. 
Prominent among other investiga­
tors who are pursuing such ques­
tions are Gaea Reinhardt at the 
Learning Research and Develop­
ment Center, University of Pitts­
burgh, and Charles Anderson and 
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ndward Smith of Michigan State’s
Institute for Research on Teaching.

A Perspective on Teacher
Knowledge

As we have begun to probe the 
complexities of teacher understand­
ing and transmission of content 
knowledge, the need for a more 
coherent theoretical framework has 
become rapidly apparent. What are 
the domains and categories of con­
tent knowledge in the minds of 
teachers? How, for example, are 
content knowledge and general 
pedagogical knowledge related? In 
w’hich forms are the domains and 
categories of knowledge repre­
sented in the minds of teachers? 
What are promising ways of en­
hancing acquisition and develop­
ment of such knowledge? Because 
I see these as among the central 
questions for disciplined inquiry in­
to teacher education, I wall now turn 
to a discussion of some ways of 
thinking about one particular 
domain—content knowledge in 
teaching—and some of the catego­
ries within it.

How might we think about the 
knowledge that grows in the minds 
of teachers, with special emphasis 
on content? I suggest we distinguish 
among three categories of content 
knowledge: (a) subject matter con­
tent knowledge, (b) pedagogical 
content knowledge, and (c) curric­
ular knowledge.

Content Knowledge. This refers to 
the amount and organization of 
knowledge per se in the mind of the 
teacher. We already have a number 
of ways to represent content knowl­
edge: Bloom's cognitive taxonomy, 
Gagne’s varieties of learning, 
Schwab's distinction between sub­
stantive and syntactic structures of 
knowledge, and Peters' notions that 
parallel Schwab's.

In the different subject matter 
areas, the ways of discussing the 
content structure of knowledge dif­
fer. To think properly about content 
knowledge requires going beyond 
knowledge of the facts or concepts 
of a domain. It requires understand­
ing the structures of the subject 
matter in the manner defined by 
such scholars as Joseph Schwab. 
(See his collected essays, 1978.)

For Schwab, the structures of a 
subject include both the substantive 
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and the syntactic structures. The 
substantive structures are the 
variety of ways in which the basic 
concepts and principles of the dis­
cipline are organized to incorporate 
its facts. The syntactic structure of 
a discipline is the set of ways in 
which truth or falsehood, validity or 
invalidity, are established. When 
there exist competing claims re­
garding a given phenomenon, the 
syntax of a discipline provides the 
rules for determining which claim 
has greater warrant. A syntax is 
like a grammar. It is the set of rules 
for determining what is legitimate 
to say in a disciplinary domain and 
what “breaks” the rules.

Teachers must not only be capa­
ble of defining for students the ac­
cepted truths in a domain. They 
must also be able to explain why a 
particular proposition is deemed 
’warranted, why it is worth know­
ing, and how it relates to other pro­
positions, both within the discipline 
and without, both in theory and in 
practice.

Thus, the biology teacher must 
understand that there are a variety 
of ways of organizing the discipline. 
Depending on the preferred color of 
one's BSCS text, biology may be 
formulated as (a) a science of 
molecules from which one aggre­
gates up to the rest of the field, ex­
plaining living phenomena in terms 
of the principles of their constituent 
parts; (b) a science of ecological 
systems from which one disaggre­
gates down to the smaller units, ex­
plaining the activities of individual 
units by virtue of the iarger systems 
of which they are a part; or (c) a 
science of biological organisms, 
those most familiar of analytic 
units, from whose familiar struc­
tures, functions, and interactions 
one weaves a theory of adaptation. 
The well-prepared biolog}7 teacher 
will recognize these and alternative 
forms of organization and the peda­
gogical grounds for selecting one 
under some circumstances and oth­
ers under different circumstances.

The same teacher will also under­
stand the syntax of biology. When 
competing claims are offered re­
garding the same biological 
phenomenon, how has the con­
troversy been adjudicated? How 
might similar controversies be ad­
judicated in our own day?

We expect that the subject mat­
ter content understanding of the 
teacher be at least equal to that of 
his or her lav colleague, the mere 
subject matter major. The teacher 
need not only understand that 
something is so: the teacher must 
further understand lohy it is so, on 
what grounds its warrant can be 
asserted, and under what circum­
stances our belief in its justification 
can be weakened and even denied.
Moreover, we expect the teacher to 
understand why a given topic is par­
ticularly central to a discipline 
whereas another may be somewhat 
peripheral. This will be important in 
subsequent pedagogical judgments 
regarding relative curricular 
emphasis.

Pedagogical Content Knowledge. 
A second kind of content knowledge 
is pedagogical knowledge, which 
goes beyond knowledge of subject 
matter per se to the dimension of 
subject matter knowledge for 
teaching. I still speak of content 
knowledge here, but of the par­
ticular form of content knowledge 
that embodies the aspects of content 
most germane to its teachability.2

Within the category of 
pedagogical content knowledge I in­
clude, for the most regularly taught 
topics in one's subject area, the 
most useful forms of representation
of those ideas, the most powerful
analogies, illustrations, examples, 
explanations, and demonstra­
tions—in a word, the ways of 
representing and formulating the 
subject that make it comprehensible 
to others. Since there are no single 
most powerful forms of representa­
tion, the teacher must have at hand

TFveritable armamentarium~of alter­
native forms of representation, 
some of which derive from research
whereas others originate in the 
wisdom of practice. **

Pedagogical content knowledge 
also includes an understanding of 
what makes the learmrnpof specific 
topics easy or difficultTthe concep­
tions ano preconceptions that 
students of different ages and 
backgrounds bring with them to the 
learning of those most frequently 
taught topics and lessons. If those 
preconceptions are misconceptions, 
which they so often are, teachers 
need knowledge of the strategies
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most likely to be fruitful in 
reorganizing the understanding of 
learners, because those learners are 
unlikely to appear before them as 
blank slates.

Here, research on teaching and 
on learning coincide most closely. 
The study of student misconcep­
tions and their influence on subse­
quent learning has been among the 
most fertile topics for cognitive 
research. We are gathering an ever­
growing body of knowledge about 
the misconceptions of students and 
about the instructional conditions 
necessary to overcome and 
transform those initial conceptions.
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important component of the 
pedagogical understanding of sub­
ject matter, should be included at 
the heart of our definition of needed 
pedagogical knowledge.

Curricular Knowledge. If we are 
regularly remiss in not teaching 
pedagogical knowledge to our 
students in teacher education pro­
grams, we are even more delin­
quent with respect to the third 
category of content knowledge, cur­
ricular knowledge. The curriculum 
is represented by the full range of 
programs designed for the teaching 
of particular subjects and topics af 
a given level, the variety of instruc­
tional materials available in relation 
to those programs, and the set of 
characteristics that serve as both 
the indications and contraindica­
tions for the use of particular cur­
riculum or program materials in 
particular circumstances.

The curriculum and its associated 
materials are the materia medica of 
pedagogy, the pharmacopeia from 
which the teacher draws those tools 
of teaching that present or ex­
emplify particular content and 
remediate or evaluate the adequacy 
of student accomplishments. We ex­
pect the mature physician to 
understand the full range of treat­
ments available to ameliorate a 
given disorder, as well as the range 
of alternatives for particular cir­
cumstances of sensitivity, cost, in­
teraction with other interventions, 
convenience safety, or comfort. 
Similarly, we ought to expect that 
the mature teacher possesses such 
understandings about the curricular 
alternatives available for instruction.

How many individuals whom we 
prepare for teaching biology', for ex­
ample, understand well the 
materials for that instruction, the 
alternative texts, software, pro­
grams, visual materials, single­
concept films, laboratory demon- 

• strations, or “invitations to en­
quiry?" Would we trust a physician 
who did not really understand the 
alternative ways of dealing with 
categories of infectious disease, but
who knew only one way?

In addition to the knowledge of 
alternative curriculum materials for 
a given subject or topic within a 
grade, there are two additional 
aspects of curricular knowledge. I 
would expect a professional teacher 
to be familiar with the curriculum 
materials under study by his or her 
students in other subjects they are 
studying at the same time.

This lateral curriculum knowl­
edge (appropriate in particular to 
the work of junior and senior high 
school teachers; underlies the teach­
er’s ability to relate the content of 
a given course or lesson to topics or 
issues being discussed simultane­
ously in other classes. The vertical 
equivalent of that curriculum 
knowledge is familiarity with the 
topics and issues that have been and 
will be taught in the same subject 
area during the preceding and later 
years in school, and the materials 
that embody them.

Content Examinations. What 
might the expectation that our 
teachers possess these varieties of 
content knowledge entail for the 
assessment of teacher competence0 
If such a conception of teacher 
knowledge were to serve as the 
basis for a subject matter content 
examination for teachers, that ex­
amination would measure deep 
knowledge of the content and struc­
tures of a subject matter, the sub­
ject and topic-specific pedagogical 
knowledge associated with the sub­
ject matter, and the curricular 
knowledge of the subject. We would 
have a form of examination that 
would be appropriate for assessing 
the capacities of a professional. It 
would not be a mere subject matter 
examination. It would ask questions 
about the most likely misunder­
standings of photosynthesis among 
preadolescents, for example, and 
the strategies most likely to be use­

ful in overcoming those difficulties.
As such, it could distinguish be­
tween a biology major and a biology 
teacher, and in a pedagogically rele­
vant and important way. It would 
be much tougher than any current 
examination for teachers.3

Forms of Knowledge
A conceptual analysis of 

knowledge for teachers would ne­
cessarily be based on a framework 
for classifying both the domains and 
categories of teacher knowledge, on 
the one hand, and the forms for 
representing that knowledge, on 
the other. I would like to suggest 
three forms of teacher knowledge: 
propositional knowledge, case 
knowledge, and strategic knowledge.

Recall that these are “forms" in 
which each of the general domains 
or particular categories of 
knowledge previously discussed- 
content, pedagogy, and curri­
culum-may be organized. (There 
are clearly other important domains 
of knowledge as well, for example, 
of individual differences among 
students, of generic methods of 
classroom organization and man­
agement, of the history and phi­
losophy of education, and of school 
finance and administration, to name 
but a few. Each of these domains is 
subdivided into categories and will 
be expressible in the forms of 
knowledge to be discussed here.)

Much of what is taught to teach­
ers is in the form of propositions. 
When we examine the research on 
teaching and learning and explore 
its implications for practice, we are 
typically (and properly) examining 
propositions. When we ask about 
the wisdom of practice, the ac­
cumulated lore of teaching ex­
perience, we tend to find such 
knowledge stored in the form of 
propositions as weli.

The research-based principles of 
active teaching, reading for com­
prehension, and effective schools 
are stated as lists of propositions. 
The experience-based recommenda­
tions of planning five-step lesson 
plans, never smiling until Christ­
mas, and organizing three reading 
groups are posed as sets of proposi­
tions. In fact, although we often 
present propositions one at a time, 
we recognize that they are better
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understood if they are organized in 
some coherent form, lodged in a 
conceptual or theoretical frame­
work that is generative or regenera­
tive. Otherwise they become ter­
ribly difficult to recall or retrieve. 
<The experimental studies of teach­
ing effectiveness have been guilty 
of presenting lengthy lists of re­
search-based behaviors for teachers 
to practice, without always pro­
viding a rationale or conceptual 
framework for the set.)

I will argue that there are fun­
damentally three types of proposi­
tional knowledge in teaching, cor­
responding to the three major 
sources of knowledge about 
teaching: disciplined empirical or 
philosophical inquiry, practical ex­
perience, and moral or ethical 
reasoning. I wiii refer to these three 
types of propositions as principles, 
maxims, and norms.

A principle typically derives from 
empirical research. One of my 
favorites is “Ordered turns are 
associated with higher achievement 
gains than are random turns in first 
grade reading groups" (Anderson, 
Evertson, & Brophy, 1979). The 
teaching and school effectiveness 
literatures contain many examples 
of useful principles for teaching.

The second kind of proposition 
makes not a theoretical claim, but 
a practical one. In every field of 
practice there are ideas that have 
never been confirmed by research 
and would, in principle, be difficult 
to demonstrate. Nevertheless, these 
maxims represent the accumulated 
wisdom of practice, and in man}' 
cases are as important a source of 
guidance for practice as the theory 
or empirical principles. “Never 
smile until Christmas" would 
qualify as such a maxim, as would 
“Break a large piece of chalk before 
you use it for the first time, to pre­
vent squeaking against the board." 

The third kind of proposition re­
flects the norms, values, ideological 
or philosophical commitments of 
justice, fairness, equity, and the 
like, that we wish teachers and 
those learning to teach to incor­
porate and employ. They are 
neither theoretical nor practical, but 
normative. They occupy the very 
heart of what we mean by teacher 
knowledge. These are propositions 
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that guide the work of a teacher, 
not because they are true in scien­
tific terms, or because they work in 
practical terms, but because they 
are morally or ethically right. The 
admonitions to provide each student 
with equal opportunity for turn­
taking, or not to embarrass a child 
in front of peers, are examples of 
normative knowledge.

The representation of knowledge 
in the form of propositions has both 
a distinct advantage and a signifi­
cant liability. Propositions are 
remarkably economical in form, 
containing and simplifying a great 
deal of complexity. The weakness of 
propositions is two-fold. First, they 
become very hard to remember, 
especially as they aggregate into 
long lists. This is w'here theoretical 
frameworks as intellectual scaf­
foldings become indispensable. Sec­
ond, they gain their economy 
precisely because they are 
decontextualized, stripped down to 
their essentials, devoid of detail, 
emotion, or ambience. Yet, to be 
remembered and then wisely used, 
it is precisely the detail and the con­
text that may be needed.

Although principles are powerful, 
they are not particularly memorable, 
rendering them a problem to apply 
in particular circumstances. How 
does a teacher apply, for example, 
the principle “check for understand­
ing," certainly among the most im­
portant in the direct instruction and 
the active teaching research bases? 
For these reasons, I am proposing 
that we look seriously at the useful­
ness of a second type of knowledge, 
a necessary complement to knowl­
edge of propositions, case 
knowledge.

The roots of the “case method" in 
the teaching of law' in this country, 
certainly the best known approach 
to employing cases as vehicles for 
professional education, lie in their 
value for teaching theory, not prac­
tice. Christopher Columbus Langdell, 
who became Dean of the Harvard 
University Law' School in 1870, w'as 
responsible for advancing the case 
method of legal education. His ra­
tionale for employing this method 
w'as not its value as a w’ay of teach­
ing methods or approaches tc prac­
tice. He believed that if practice 
were the essence of law, it had no 
place in a university. Instead, he ad­

vocated the case method of legal 
education because of its effective­
ness in teaching law as science—in 
teaching legal theory through cases.

A case, properly understood, is 
not simply the report of an event or 
incident. To call something a case is 
to make a theoretical claim—to 
argue that it is a ‘‘case of 
something," or to argue that it is an 
instance of a larger class. A red 
rash on the face is not a case of 
something until the observer has in­
voked theoretical knowledge of 
disease. A case of direct instruction 
or of higher-order questioning is 
similarly a theoretical assertion. I 
am therefore not arguing that the 
preparation of teachers be reduced 
to the most practical and concrete; 
rather, using the power of a case 
literature to illuminate both the 
practical and the theoretical, 1 
argue for development of a case 
literature whose organization and 
use will be profoundly and self­
consciously theoretical.

Case knowledge is knowledge of 
specific, well-documented, and 
richly described events. Whereas 
cases themselves are reports of 
events or sequences of events, the 
knowledge they represent is what 
makes them cases. The cases may 
be examples of specific instances of 
practice—detailed descriptions of 
how an instructional event oc­
curred—complete with particulars 
of contexts, thoughts, and feelings. 
On the other hand, they may be ex­
emplars of principles, exemplifying 
in their detail a more abstract pro­
position or theoretical claim.

Parallel to my argument that 
there are three types of proposi­
tional knowledge of teaching- 
principles, maxims and norms—1 
shall propose three types of cases. 
Prototypes exemplify theoretical 
principles. Precedents capture and 
communicate principles of practice 
or maxims. Parables convey norms 
or values. Naturally, a given case 
can accomplish more than a single 
function; it can, for example, serve 
as both prototype and precedent.

We are probably most accus­
tomed to thinking of cases as 
precedents. Knowdedge of how a/ 
particular teacher taught a par­
ticular lesson, or the way a teacher 
brought a classroom of misbehaving 
youngsters under control sticks in
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our minds. These remembrances of 
teacnings past are valuable in 
guiding the work of a teacher, both . 
as a source for specific ideas and as , 
a heuristic to stimulate new think­
ing. But other kinds of cases ex-, 
emplify, illustrate, and bring alive; 
the theoretical propositions that are\ 
potentially the most powerful tools 
teachers can have. These are the 
prototypes within case knowledge. 
For example, when pharmacology is 
taught, specific drugs are often 
used as illustrations. The drugs 
selected for that purpose are not 
necessarily the most frequently 
used in practice. Instead, proto-
i-1 n r pnlon’AJ +■ h o i nvonnr.h
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their performance the mechanisms 
of action most characteristic of the 
class of drugs they represent. They 
are thus theoretically interesting 
cases for teaching purposes.

As part of an extensive interview 
study with teachers reputed to be 
excellent managers of classroom 
behavior problems, J. Brophy (per­
sonal communication, 1981) has 
reported the following case: A 
teacher was confronted with 
repeated incidents of students com­
ing to class without pencils. Rather 
than either supplying them with 
replacements (thus making it possi­
ble for them to keep up with their 
work, although running the risk of 
reinforcing their poor habits) or 
forcing them to sit through the 
lesson without benefit of participa­
tion, the following strategy was 
reported. The teacher kept a box of 
very short pencil stubs in his desk. 
Whenever a student approached 
who had forgotten to bring a pen­
cil, the teacher produced the 
shortest stub available and lent it to 
the student, who was then expected 
to use it in completing all of that 
day's work. In addition to serving 
as a fine classroom management 
precedent, this case can also serve 
as a memorable prototype for the 
principle of avoiding the inadver­
tent reinforcement of maladaptive 
behavior.

Parallel to the theoretical use of 
prototype cases and the practical 
use of precedents, we also en­
counter the moral or normative 
vaiue of parables. A parable is a 
case whose value lies in the com­
munication of values and norms, 
propositions that occupy the very

heart of teaching as profession and 
as craft. Moreover, if we look at the 
recent literature on effective 
organizations and what keeps them 
working well and their members 
collaborating enthusiastically, we 
discover the importance of myths in 
organizations—tales about heroic 
figures or memorable events that 
somehow capture the values of 
those organizations and com­
municate them to everyone working 
within them. Those myths, I would 
argue, or their case equivalents— 
pedagogical parables—would be 
equally important in the socializa­
tion of teachers into their general

»• «•» o 1 r-» r» 1 nVJ »rrn nnp on uroll HPuicopjunai uui ijt, oui v j j tio vvv.ii

into the special ethos of particular 
schools or districts as organizations.

The identification of case knowl­
edge, a case literature, and case- 
based teacher education as central 
elements in our discussions and in­
quiries produces a rich and vital 
agenda for research. What is involv­
ed in the elevation of an event into 
a case? How are cases aggregated 
into case knowledge, or alternative­
ly, how does knowledge of cases 
become case knowledge? How does 
one learn from and use cases in 
teaching? If the conception of pro­
positional knowledge is deductive, 
where applications are deduced 
from genera! propositions, how is 
the analogical reasoning from cases 
learned, practiced, and tuned? Can 
we learn from other disciplines or 
professions such as law or architec­
ture, where analogical reasoning 
from cases is much more typical, 
how to conceive of and use case 
knowledge in education? Why are 
cases memorable? Is it because they 
are organized as stories, reflecting 
the grammar of narrative forms of 
discourse, that makes them more 
readily stored, ordered and re­
trieved than their expository or 
propositional analogues?4

Another reason that these con­
ceptions of case knowledge may be 
timely is the shift of research 
paradigms current^ underway in 
our field. We are developing well- 
reasoned, methodologically sophis­
ticated, and logically argued ap­
proaches to the use of qualitative 
methods and case studies to parallel 
our already developed approaches 
of correlational and experimental 
inquiry. These newer approaches in­

troduce both a new kind of data 
about which to reason and new 
modes of reasoning themselves. As 
Geertz (1983) has observed, "In­
quiry is directed at cases or sets of 
cases, and toward the particular 
features that mark them off..
(p. 22). As these approaches grow in 
their educational applications, we 
will begin to develop a more exten­
sive case literature, as well as a pool 
of scholars and reflective practi­
tioners capable of preparing and in­
terpreting cases.

Cases are documented (or por­
trayed) occasions or sets of occa­
sions with their boundaries marked 
/-.-Pf thgi»- borders dr0'.’/1"! What ° 
given occasion is "a case of" is not 
immediately apparent from, the ac­
count itself. Generalizability does 
not inhere in the case, but in the 
conceptual apparatus of the ex- 
plicator. An event can be described; 
a case must be explicated, inter­
preted, argued, dissected, and 
reassembled. A case of 3udweiser 
is marked off from other cases (or 
non-cases) by physical attributes 
that are immediately visible. But a 
case of direct instruction, or of 
teacher expectations, or of student 
misconception, is a theoretical con­
struction. Hence, there is no real 
case knowledge without theoretical 
understanding. What passes for 
atheoretical-case knowledge is mere 
anecdote, a parable without a moral.

I am not offering herein an argu­
ment against the conception of 
teaching as skill. I am instead argu­
ing for its insufficiency—its in­
completeness as an account of 
teaching ability and performance. 
We are only half way toward 
understanding the knowledge base 
of teaching when characterizing a 
research-based conception of the 
skills of teaching. This account 
must be complemented by a concep­
tion of teaching in which the prin­
cipled skills and the well-studied 
cases are brought together in the 
development and formation of 
strategic pedagogical knowledge.

I have referred to strategic knowl­
edge as the third "form" of teacher 
knowledge. Both propositions and 
cases share the burden of unilaterab 
ity, the deficiency of turning the 
reader or user toward a single, par­
ticular rule or practical way of see­
ing. Strategic knowledge comes in-
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to play as the teacher confronts par­
ticular situations or problems, 
whether theoretical, practical, or 
moral, where principles collide and 
no simple solution is possible. 
Strategic knowledge is developed 
when the lessons of single principles 
contradict one another, or the 
precedents of particular cases are 
incompatible. From Rowe’s (1974) 
research on wait-time, for example, 
we learn the principle that longer 
wait-times produce higher levels of 
cognitive processing. Yet Kounin's 
(1970) research on classroom man­
agement warns the teacher against 
slowing the pace of the classroom 
too severely lest the frequency of 
discipline problems increase. How 
can the principle of longer wait- 
times and that of quicker pacing 
both be correct?

It is in the very nature of the 
practical or policy fields that in­
dividual principles are fated to clash 
on particular occasions. Knowledge 
of the relevant propositions and 
cases is needed to form the underly­
ing knowledge base. Strategic 
knowledge must be generated to ex­
tend understanding beyond princi­
ple to the wisdom of practice. We 
generally attribute wisdom to those 
who cart transcend the limitations of 
particular principles or specific 
experiences when confronted by 
situations in which each of the alter­
native choices appears equally 
“principled.” Novice bridge players 
rapidly learn the principles of the 
game, embodied in such maxims as 
“Lead fourth highest from your 
longest and strongest suit,” and 
“Never lead away from a king.” 
But when you must lead away from 
a king to lead fourth highest, then 
propositional knowledge alone 
becomes limited in value. Strategic 
knowledge (or judgment) is then 
invoked.5

I envision the use of case method 
in teacher education, whether in our 
classrooms or in special laboratories 
with simulations, videodisks and an­
notated scripts, as a means for 
developing strategic understanding, 
for extending capacities tow-ard 
professional judgment and decision­
making. These methods of instruc­
tion would involve the careful con­
frontation of principles with cases, 
of general rules with concrete 
documented events—a dialectic of

the general with the particular in 
which the limits of the former and 
the boundaries of the latter are ex­
plored (Shulman, 1984). What hap­
pens wTien cases are applied to prin­
ciples or principles to cases? What 
happens when two principles are in 
conflict, or when two cases yieid 
contradictory interpretations?

When strategic understanding is 
brought to bear in the examination 
of rules and cases, professional 
judgment, the hallmark of any 
learned profession, is called into 
play. What distinguishes mere craft 
from profession is the indeter­
minacy of rules when applied to par­
ticular cases. The professional holds 
knowledge, not only of how—the 
capacity for skilled performance— 
but of what and why. The teacher 
is not only a mastei- of procedure 
but also of content and rationale, 
and capable of explaining why 
something is done. The teacher is 
capable of reflection leading to self­
knowledge, the metacognitive 
awareness that distinguishes drafts­
man from architect, bookkeeper 
from auditor. A professional is 
capable not only of practicing and 
understanding his or her craft, but 
of communicating the reasons for 
professional decisions and actions to 
others (see Shulman, 1983).

This sort of reflective awareness 
of how and why one performs com­
plicates rather than simplifies ac­
tion and renders it less predictable 
and regular. During the eight years 
that I attended the University of 
Chicago, I often took classes near 
Swift Hall, the theology building. 
On the side of that hall, facing me 
as I left my classroom building, a 
saying wras carved in the stone: 
“You shall know the truth and the 
truth shall make you free.” I sup­
pose I never really understood those 
lines until I realized the implications 
of knowledge, of deep under­
standing, for the predictability and 
uniformity of behavior.

Reinforcement and conditioning 
guarantee behavior, and training 
produces predictable outcomes; 
knowledge guarantees only 
freedom, only the flexibility to 
judge, to weigh alternatives, to 
reason about both ends and means, 
and then to act while reflecting 
upon one’s actions. Knowledge 
guarantees only grounded unpre­

dictability, the exercise of reasoned 
judgment rather than the display of 
correct behavior. If this vision con­
stitutes a serious challenge to those 
who would evaluate teaching using 
fixed behavioral criteria (e.g.. the 
five-step lesson plan), so much the 
worse for those evaluators. The vi­
sion I hold of teaching and teacher 
education is a vision of professionals 
who are capable not only of acting, 
but of enacting—of acting in a man­
ner that is self-conscious with 
respect to what their act is a case 
of, or to what their act entails.

The implications of our discussion 
are several. First, we can begin to 
conceive differently of how profes­
sional examinations for teachers 
might be organized and con­
structed. I firmly believe that we 
must develop professional examina­
tions for teachers, though their ex­
istence will constitute no panacea 
They must be defined and con­
trolled by members of the profes­
sion, not by legislators or iayperons. 
They must reflect an understanding 
that both content and process are 
needed by teaching professionals, 
and within the content we must in­
clude knowledge of the structures 
of one's subject, pedagogical 
knowledge of the general and 
specific topics of the domain, and 
specialized curricular knowledge. 
Ultimately, that knowledge must be 
informed by a well-organized and 
codified case literature. Those tests 
will be useful when only those who 
have been professionally prepared 
as teachers are likely to pass them 
because they tap the unique knowl­
edge bases of teaching. We are al­
ready w’ell on our way to defining 
such a knowledge base.

I envision the design of research- 
based programs of teacher educa­
tion that grow to accommodate our 
conceptions of both process and 
content. These programs will ar­
ticulate with and ouild upon instruc­
tion in the liberal arts and sciences 
as w’ell as the specialty content 
areas of each candidate. Instruc­
tions in the liberal arts and content 
areas wnll have to improve dra­
matically to meet the standards of 
understanding required for teach­
ing. If these are special sections of 
such courses for teachers, they wiil 
entail evaluation of subject-matter 
treatment, not watering down.
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Such programs will draw upon the 
growing research on the peda­
gogical structure of student concep­
tions and misconceptions, on those 
features that make particular topics 
easy or difficult to learn. They will 
extensively employ a growing body 
of case literature, both to represent 
a far wider and more diverse range 
of teaching contexts than can pos­
sibly be experienced within any one 
teacher education program, and tc 
provide teachers with a rich body of 
prototypes, precedents, and par­
ables from which to reason.

The fact that we do not possess 
such a case literature at this time 
suggests new agendas for research 
in teacher education. In addition to 
the obvious tack of encouraging the 
continued growth of disciplined case 
studies of teaching by scholars, 
another alternative suggests itself. 
Fred Erickson has noted that one 
of the exciting features of case 
studies is that you don’t necessari­
ly have to be a PhD social scientist 
or educator to learn to prepare 
useful case materials. Given proper 
preparation and support, teachers 
and teacher educators can con­
tribute to the case literature 
themselves. As they do so, the}' ’will 
begin to fee: even more membership 
in the broader academic guild of 
professional teachers.

We reject Mr. Shaw and his 
calumny. With Aristotle we declare 
that the ultimate test of under­
standing rests on the ability to 
transform one’s knowledge into 
teaching.

Those who can, do. Those who 
understand, teach.

Notes
'There is, in fact, a delightful ambigui­

ty surrounding use of the word 
methodology in educational circles. It 
can refer to methods of teaching as well 
as methods of research. A person in­
troduced as a specialist in methodology 
might, these days be claiming com­
petence in either. But before the days 
of Descartes, the concept of methodol­
ogy was far more unitary. Methods of 
inquiry did not typically involve 
elaborate empirical procedures and con­
comitant statistical analysis. Indeed, 
scholars did something far more revolu­
tionary as the heart of method. They 
tnought about their problem and 
organized a coherent logical analysis of 
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its structure. This analysis not only 
served as the structure of inquiry, it also 
constituted the structure of pedagogy. 
The scholar’s expositions and disputa­
tions reflected the applications of the 
same method.

2There is also pedagogical knowledge 
of teaching—as distinct from subject 
matter—which is also terribly impor­
tant, but not the object of discussion in 
this paper. This is the knowledge of 
generic principles of classroom organi­
zation and management and the like 
that has quite appropriately been the 
focus of study in most recent research 
on teaching. I have no desire to diminish 
its importance. I am simply attempting 
to place needed emphasis on the hither­
to ignored facets of content knowledge.

3 Ai'-hnugh in this paper I discuss 
aspects of content knowledge (including 
content-specific pedagogical knowledge 
and curricular knowledge) exclusively, 
a proper professional board examina­
tion would include other equally impor­
tant sections as well. These would 
assess knowledge of general pedagogy, 
knowledge of learners and their back­
grounds, principles of school organiza­
tion, finance and management, and the 
historical, social, and cultural founda­
tions of education among many more. 
Exams would also tap teaching perfor­
mance and other capabilities unlikely to 
be adequately assessed using conven­
tional paper-and-pencil instruments. 
Discussion of the character of a profes­
sional board for teachers and its 
desirability, however, is appropriate for 
another paper.

4I must also acknowledge some poten­
tial disadvantages of cases as sources of 
teacher knowledge. Kahneman, Siovic, 
and Tversky (1982) have pointed out the 
potentially misleading character of 
cases. They refer to the memorable 
quality of vivid cases as significant 
sources of bias in reasoning. Both 
availability and representativeness are 
characteristics of cases that make them 
readily' retrieved from memory; they 
also bias the decisionmaker’s estimates 
of the frequency of their occurrence. 
The important test of a case is its con­
trast with other cases and its examina­
tion in the light of principles. Such 
disciplined evaluation of cases can 
temper the inappropriate inferences 
that might be drawn from cases without 
diminishing their other virtues.

°It may well be that what I am call­
ing strategic knowledge in this paper is 
not knowledge in the same sense as pro­
positional and case knowledge. 
Strategic “knowing” or judgment may 
simply be a process of analysis, of com­
paring and contrasting principles, cases, 
and their implications for practice Once 
such strategic processing has been 
employed, the results are either stored

in terms of a new proposition (e.g., 
“Smiling before Christmas may be per- 
missable when...") or a new case. 
These then enter the repertoire of cases 
and principles to be used like any others. 
In that sense, it is possible that strategic 
analysis occurs in the presence of the 
other forms of knowledge and is the 
primary means for testing, extending, 
and amending them.

References
Anderson, L. Evertson, C. & Brophy, 

J. (1979). A.n experimental study of ef­
fective teaching in first-grade reading 
groups. Elementary School Journal, 
79(Ci. 343-356.

Geertz, C. (1983). Blurred genres: The 
refiguration of social thought. In C. 
Geertz (Ed.), Local Knowledge. New 
York: Basic Books.

Hoffman, N. (1981). Women's “true" 
profession. Old Westbury, NY; 
Feminist Press.

Kahneman, D., Siovic, P., & Tversky, 
A.. (1982). Judgment under uncertain­
ty: Heuristics and biases. New York: 
Cambridge University Press.

Kounin, J. f 1970). Discipline and group 
management in classrooms. New 
York: Holt, Rinehard & Winston.

Ong, W.J. (1958). Ramus, method and 
trie decay of dialogue. Cambridge, MA; 
Harvard University Press.

Rashdall, H. (1936). The universities of 
Europe in the middle ages. London: 
Oxford University Press. (Original 
work published 1895)

Rowe, M.B. (1974). Relation of wait­
time and rewards to the development 
of language, logic, and fate control: 
Part II —Rewards. Journal of 
Research in Science Teaching 77(4), 
291-308.

Schwab J.J. (1978). Science, cur­
riculum and liberal education. 
Chicago: University of Chicago Press.

Shulman, L.S. (1981) Disciplines of in­
quiry in education: An overview. 
Educational Researcher, 70(6), 
5-12, 23.

Shulman. L.S. (1983). Autonomy and 
obligation: The remote control of 
teaching. In L.S. Shulman & G. Sykes 
(Eds.), Handbook of teaching and 
policy. New York: Longman.

Shulman, L.S. (1984). The practical and 
the eclectic; A deliberation on teach­
ing and educational research. Cur­
riculum Inquiry, 74(2), 183-200.

Shulman, L.S. (1986). Paradigms and 
research programs for the study of 
teaching. In M.C. Wittrock (Ed.), 
Handbook of research on teaching (3rd 
ed.). New York: Macmillan

Wheeiw'right, P. (Ed.). (1951). Aristo­
tle New' York: Odyssey.

Educational Researcher



 
 

 

 
 

 
 

 

 

 

 

 
 

 
 

 
 

 
 

 

 
 

 
 

Teacher's knowledge

Having strong knowledge of mathematics does not guarantee that one will be an effective mathematics 
teacher, but teachers who do not have such knowledge are likely to be limited in their ability to help 
students develop relational and conceptual understanding.(Skemp 1976).

Forms of knowledge and various kinds of understanding
Instrumental,relational,conceptual,procedural,implicit,explicit,elementary, advanced, algorithmic, 
formal, intuitive, visual, situated, knowing that, knowing how, knowing why, knowing to

Instrumental understanding /Procedural 
knowledge: A Sequence of actions that can be 
learned with or without meaning.

Relational understanding / Conceptual knowledge:
It is the knowledge which is rich in relationships.
The learning of a new concept or a relationship 
implies the addition of a node or link to the 
existing cognitive structure, thus making the whole 
more stable than before.

1) Rules without reasons
2) Fasier Io understand within its own 

context
3) Rewards are more immediate and 

apparent
4) Can obtain the right answer more quickly 

and reliably
5) Learning of an increasing no. of fixed plans 

by which pupils can find their way from 
particular starting points to required 
finishing points. These plans tell them 
what to do at each choice junction, but 
there is no awareness of the overall 
relationship between successive stages 
and the final goal and the learner is 
dependent on an outside guidance for 
learning each new plan.

1) Knowing what to do and why
2) More adaptable to newer tasks

3) Easier to remember

4) Capable of serving as a goal itself

5) Builds a conceptual structure from which 
its possessor can produce an unlimited 
number of plans fnr getting from any 
starting point tc any finishing point within 
the schema.

Generally we teach mechanically the procedures in teaching particularly the following examples.

Example 1: Finding the square root of a number.

Example 2: Finding the logarithm of a number.

3 2.



 
 
 

 
 
 

 
 

 
 

 

 

 

 
 

 

 
 

 

Knowledge needed for teaching

The c >ntent and discourse of mathematics, including mathematical concepts and procedures, and the 
connections among them; multiple representations of mathematical concepts and procedures; ways to 
reason mathematically; solve problems and communicate mathematics effectively at different levels ofJ
formality( NCTM 1991).

Knowledge of mathematical facts (notations, conventions), concepts, procedures, and the relationships 
among them, knowledge of the ways that mathematical ideas can be represented; and the knowledge 
of mathematics as a discipline—in particular, how mathematical knowledge is produced, the nature of 
discourse in mathematics, and the norms and standards of evidence that guide argument and proof, 
general strategies (procedures) which guide the choice of which skills to use or what knowledge to draw 
upon at each stage in the course of solving problem or carrying out investigation .

What a teacher has to do while teaching;

1) Keep in mind that understanding comes from by successive approximations (hypothetico- deductive) 
and requires considerable mental effort on the part of students. Give students the timd*and the 
challenge they need. Teachers must immerse learners in complex, interactive experiences that are both 
rich and real, i.e., pose questions and give tasks that elicit, engage and challenge each student's thinking.

2) Listen carefully to student's ideas. Keep asking and encourage students to ask, How do you know that 
(statement, fact, principle, prediction) is true? i.e., ask him to clarify and justify their ideas.

3) Decide w'hat to pursue in depth from among the ideas that students bring up during a discussion and 
also decide when and how to attach a mathematical notation and language to student's ideas.

4) Assure students that making mistakes is a normal part of the learning process. “Fail to succeed. 
Intentionally get it wrong to inevitably get it even more right. Mistakes are great teachers—they 
highlight unforeseen opportunities and holes in your understanding. They also show you which way to 
turn npxt, and they ignite your imagination"(l-rom the book of Five Elements of Effective Thinking).

5) Make students believe that logical mathematical reasoning is the authority within the class room 
rather than the status of the person sharing their thoughts by constant use of reasoning and proof. 

(NCTM)

Finally, your teaching must be meaningful to be remembered, coherent to be understood, planned to 
be continuous, and enjoyed to be sustained for the rest of one's life.



 
 
 
 

 
 
 
 
 
 
 

 
 

 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 

boul Anion E. Lawson
Piofessor Lawson’s career in biology education 

began m the late 1960s in California where he laught 
middle school science and mathematics fo; three years 
bclore completing his PhD. at the University of 
Oklahoma and moving to Purdue University in 1973 
Lavs^n continued h.is iesearch career at the Lawrence 
Hal! of Science, University of California. Berkeley in 
IW-g and then moved io Arizona Stale University in 
1977 where he currently conducts research and Leaches 
I'ejumcs in biology, biology leaching methods, and 
ri search methods Lawson has published more than 
200 .uncles and more than 20 books including 5 itmcc
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Lawson s most recent book is an iutroducion binlpgy 
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Cardellini Why did you choose to become a 
teacher?

Lawson: In a sense, teaching chose me. In 1968 
while the Vietnam War was still raging, I was a 
biology graduate student at the University of 
Oregon At about the time 1 finished my master's 
degree, my draft board stopped issuing defer­
ments for graduate students, but continued 
deferments for teachers So I took a job teaching 
science and mathematics at a middle school in 
the San Francisco Bay area By the time the W3r 
ended and 1 couid return to graduate school, I 
had become so fascinated by the complexities of 
teaching (hat 1 decided to conduct my doctoral 
research on students instead of snails

Cardellini: Who are vour intellectual lathers and 
what did you learn front them?

Lawson My intellectual fathers were my father 
Chet Lawson, and Jack P.enner and Bob Karplus 
When 1 was about eight years old 1 recall riding 
in the back seat of our car on a family trip to 
Pennsylvania The sky was full of clouds, some 
brilliant white, others dark, almost black So I 
asked my father why the clouds were different 
"colors llis replv was twpical. “Good quest, m, 
Tony-what idear do you have?" I do not recall 
the rest of the conversation except to say I am 
certain that he did not tell me the right answer, 
which I am sure he knew 1 suspect that growing 
up on a steady diet of these sons of exchanges 
taught me to enjoy thinking about, and trying to 
explain, things. This lesson was reinforced sever­
al times by Jack Renner, my doctoral committee 
chair Jack liked to sav that giving students tne 
right answers stops, rathei than starts, thinking. 
During tire 1970s, I had the good fortune of 
working with Bob Karplus at the Lawrence Hall 
of Science 1 learned way too much from Bab to 
enumerate particulars ex.ept to say that it was a 
jo) working with such a brilliant, energetic, and 
hard working person For teachers who do not 
know of Bob’s many contributions to science 
education. 1 strongly recommend reading A Love 
oj Disctwcry Science Educcdion-Thc Second Caicci 
of Robert Km phis ( Fuller 2002), which contains a 
collection of his work's

Cardellini’ What components of Jean Piaget’s 
theory are iiiipcu taut for teachers7

Lawson: Pcihnjos the lust thing to understand 
about Piaget s' theory is dial he was talking about 
the acquisition of "how io” knowledge (.proce­
dural knowledge) an.I i’s importance in the 
acquisition ol “know dial" knowledge (cleJara- 
nvt knowledge) For cxaghplc, one needs io

THE AMERICAN CI010GY ItACHER. VOLUME 67 HO. 3, MARCH 2005

know how to count to know- that there arc t?n ma: 
bles on the table. In biology, ore needs tc i.r 
how- to sort, classify and seriate to know ik 
species diversity increases from the poles to r 
equator And one needs to know how to test in 
ones to know that evolution nas occurred a 
opposed to special creation

According to Piaget's theory, the development c 
procedural knowledge occurs as a consequence c 
both physical and social experience, neurologic: 
maturation, and self-regulation Self-reguk :c 
occurs when self-generated ideas and behaver 
are contradicted. These contradictions lead no 
only to new ideas and new behaviors, but alsr t 
improved reasoning abilities. The evidence cz: 
tainly supports this Hew Perhaps the most impo
............. .. ,k„, . I. „  ,11.. :---------------------—
UUIl Utl^UCCltlUt 1 123 LILflL iLIC iCclllV

aspects of science and mathematics literacy, s ic. 
as effective reasoning and problem-solving abil 
ties, cannot be directly taught Instead, they ar 
the products of intellectual development.

A serious educational problem, stems in pm 
from the fact that although people gcneial, 
know if and when they learned a specific piece c 
declarative knowledge they seldom know if an 
when their procedural knowledge developed 
Tins means people who lack higher-order e?
soning abilities do not realize their deficiencie.
while people who have developed higher-nru-; 
re a s o ni n g'abilities'assuine incorrect lv that e~ e: 
one else has developed them as well! Not sui 
prisinglv a number of problems resuii not tin 
least is that many teachers, administrators, tes 
developers, and policy makers ignore procedure 
knowledge and focus solely on leaching and tes. 
mg declarative knowledge 1 am afraid dza 
because the pace of intellectual development lag 
in so many students, a huge portion of what w 
try to teach junior high and high school snide ;t 
(and even many college siudems) is missing in 
mark Instead, it simply "goes in one eai and oi 
the other." i certainly recall my own expcricno 
as a student taking high school biology I learnc- 
next to nothing in spite ol receiving a goo-, 
grade. The good news is that once the probier 
understood, there is a lot that leachcrs can do n 
help students develop their reasoning alnlitic 
and construct understanding o! die really imnoi 
tarn scientific concents and ihcorics

Cardellini: In books and articles, you have demon 
stiated that some misconceptions are persisicn 
(e.g., Lawson, Lewis & Bilk, 1999). How can w. 
deal with students’ errors?

Lawson: The article you cue provides a wonnerm 
example The phciiomcn m in qucsiion im'-w
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a lighted candie sitting in a pan of water. When 
an inverted glass is placed over the candle and 
into the water, the flame goes out and the water 
rushes up into the glass Many students initially 
believe that the water rises because the flame 
“consumes the oxygen trapped under the glass, 
so the water is “sucked" in to replace the now- 
empty space This explanation contains two mis­
conceptions. First, flames do not consume any­
thing m the sense that matter is not destroyed. 
Instead, Flames convert oxygen gas to carbon 
dioxide gas. Second, suction (as a pulling force) 
does not exist. Instead, the relatively greater air 
pressure outside the glass pushes the water up 
inside the glass.

Helping students understand the accepted scien­
tific explanation for why the water rises, and to 
understand why the scientific explanation is 
accepted instead of the more intuitively-appeal­
ing explanation, is no small matter because 
acceptance requires not only understanding 
kinetic-molecular theory, but also kno^ng how 
to gene: ate and test alternative hypotheses, in 
this case hypotheses involving unseen theoretical 
entities (i e., atoms and molecules). Nevertheless, 
the best instructional approach encourages stu­
dents to first explore the puzzling phenomenon, 
raise the causal questions, generate several possi­
ble explanations, and then attempt to test them 
experimentally Foi example: If the water rises 
due to the consumption of oxvgen, and we repeat 
the experiment varying the number of burning 
candies, then the water should continue to rise to 
die previous level (more burning candles will 
consume die available oxygen faster, but will not 
consume more oxvgen). Alternatively, if the 
water rises because the air has been heated, has 
expanded, and some has escaped out the bot­
tom. increasing the number of burning candles 
should cause water to rise higher (more burning 
candles will heat and drive out more air, thus fur- 
t'nei reducing die internal air pressure).

Biology teacher? are often confronted by what we 
might call the "special creation" misconception, 
which for some students can be as persistent as 
die suction misconception. Dealing with the spe­
cial creation misconception (or more recently die 
“intelligent design” misconception) can be even 
more difficult because its roots lie in an often 
emotmnally-chcVgcd religious belief For some 
students, accepting the scientific explanation for 
species divcrsiiy means rejecting part of their 
dominant and guiding religious worldview 
Nevertheless, I believe the teachei s role is essen­
tially the same a? above, which is not to tel stu­

dents what to believe, but to help them learn 
how to come tc a belief. And m a science class 
this means that we again propose alternative 
explanations and then test them Fortunately, 
with respect to the alternative theories of evolu­
tion and special creation there are several ways 
this can be done (e g, Lawson 1999 Lawson, 
2004; Nelson. 2000) With respect to the fossil 
record, for example, several observations contra 
diet special creation theory and support evolu­
tion theory, e g If special creation theory is cor­
rect, and we compare fossils from the 
older, lower rock layers to those from 
vounger/higher layers and to present-day 
■species, then.

• Species that lived in the remote past (lower 
layers) should be similar to those living 
today;

• The older layers should be just as likely to 
contain fossils similar to present-day species 
as the younger layers,

• The simplest as well as the most complex 
organisms should be found In the oldest lay­
ers containing fossils, as well as in more 
recent layers: and

• A comparison of fossils from layer t? layer 
should not show gradual changes in fossil 
form?, in other word?, intei mediate forms 
should not be found.

The key point in the classroom is that science 
teachers should be open to all ideas (even those 
thev know tc be wrong) However the idea';, 
once generated, must be tested Imporian y, sci­
entific beliefs are formed after consulting the evi­
dence—not before Students need to learn this, 
but don’t w'hen we simph tell them which ideas 
are right and which are wrong

Cardellini: You have stitched instrurlionnl 
cippioachcs Lo help students improve their reason­
ing abilities. v\7iot is the most c/fecii\c approach?

Lawson: 1 may have just answered this question 
This is because reasoning abilities develop when 
thev are used and they arc certainly used wdien 
alternative ideas are generated, t.ested, and con­
tradicted by the evidence Contradictions force 
students to reflect not on’y on what the;, initially 
believed, but also on then reasons 'and reason 
ing) for those beliefs The point is that arguments 
about which ideas are light oi wrong and why 
they are right oi w-rong. provide the motivation 
foi rcTlecimz on and cCWHually absuaclmg 'he

i (imirnir 1 on page M§
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reasoning patterns, the forms of argumentation, 
that are used in learning

Cardellini: How do people acquire knowledge and 
solve problems'1

Lawson, Importantly, there appears to be two 
ways to acquire knowledge and to solve prob­
lems One way is through sheer repetition 
and/or via emotionally-charged contexts 
Repetition and emotion can “burn" new input 
into long-term memory Students can memorize 
biological terms, multiplication tables, and the 
positions of letters on a keyboard in this "rote' 
way Unfortunately, memorizing scientific terms 
does not lead to understanding and to useful 
applications Students can also learn to solve 
problems, such as those involving proportional 
relationships, in a rote way. For proportions this 
often includes use of a “cross-multiplicaLion” 
algorithm

e.g., 4/6 = 6/X, (4)(X) = (6)(6), ■ 4)(X) = 36, X = 
36/ 4, X = 9

In spite of the fact that students can cross multi­
ply and “solve" such problems, thev typically have 
no idea why the algorithm works or how to solve 
“real" problems involving proportional relation­
ships. For example, most middle and high school 
students can easily tell you that X = 9 in the previ­
ous equation but when given the following prob­
lem, they incorrectly predict that watei 
will rise to the 8th mark “ because it 
rose two more before, from 4 to 6, so it 
will rise 2 more again, from 6 to 5 "

The Cylinders. To the right are draw­
ings of a wide and a narrow cylinder 
The cylinders have equally-spaced 
marks on them. Water is poured 
into the wide cylinder up to the 4th 
mark (.see A). This water rises to the 
6th mark when poured into the nar­
row cylinder (see B) Both cylinders 
are emptied and water is poured 
into the wide cylinder up to the 6th
mark Flow high will this water rise when 
poured into the empty narrow cylinder'

The same sorts of difficulties often emerge in 
biologv classes when students are told to use 
Punnen squares to solve genetics problems. 
Many students lack the combinatorial and pro­
portional reasoning abilities and/or the under­
standing of meiosis and Mendelian theory need­
ed to know when and how to use Bunnell 
squares Thus, ior them the application is rote 
and olten confused and unsuceesshil

Fortunately, there is a second way to learn. That 
way is to link new ideas with prior ideas This 
connectionist (or constructivist) way of learning 
has several advantages, not the least of which is 
that learning is not rote. Instead it connects to 
what one already knows, and thus becomes 
much more useful in reasoning and problem 
solving. In the case of proportions, this means 
that students not only know how to solve for X, 
they also know when to use a proportions strate­
gy and when not to, i.e., they know when other 
strategies, such as addition and subtraction 
should be used instead. The point is that if we 
want students to become good scientific thinkers 
and good problem solvers, we cannot teach in 
ways that lead to rote learning. Instead, we need 
to become connectionist teaclieis

Cardellini: WJmt is the role of analogy in science 
education?

Lawson: AjialogyFor analogical reasoning, plays a 
huge/role id science, and It should play a huge 
role i^* <fence education as well. In science, ana­
logical Ireawning is involved'^ the invention of 
hypotheses and theories. FoFexample, in 1890 
Elie ^4echnij<off watched larvae under
his mibs^otp^s^hertp^set^a few rose thorns 
among thetT^SoJns s’uiPLts^Tie noticed that the 
larvae quickly surrounded and dissolved the 
thorns. This seemed to Mechnikoff to be analo­

gous to w'hat happens 
when a splinter gets 
stuck in a finger Bus sur­
rounds the splinter 
which Mechnikoff hy­
pothesized consists of 
tiny cells that attack and 
eat the splinter So 
through the use of ana­
logical reasoning, Mech­
nikoff "discovered" the 
bodies' main defense 
m e c h a n i s m - n a m e 1 y 
mobile white blood cells

that swarm around and engulf materials such as 
splinters and invading microbes

Charlfis Darwin's invention of natural selection 
can also be traced to an analogy-m Darwin's 
case the analogy was between artificial selection 
of domestic plants and animals and the selection 
process that he imagined occurs in nature (i.e., 
natural selection) Other examples of analogical 
reasoning are numerous in history of science. 
Kepler borrowed the ellipse from Appolonios to 
describe planetary orbits Mendel borrowed alge­
braic patterns to help explain hereditary
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patterns' Kekuie borrowed the image of a snake 
biting its tail (in a dream) to create a molecular 
structure for benzene. And Coulomb borrowed 
Newton's patterns of gravitational attraction to 
describe the electrical forces that exist between 
sub-atcmic particles.

The classroom implication is that students need 
freedom to explore nature in the lab and field to 
discover puzzling observations. Students should 
then be encouraged to use analogical reasoning 
to creatively generate multiple explanations for 
the puzzling observations. To make sure that 
many ideas are freely generated, none should be 
criticized during this initial brainstorming peri­
od But once several plausible explanations, and 
perhaps some not-so-plausible explanations, 
have been generated, they need to be tested. In 
this way, students learn new science concepts 
and theories in a way analogous to the way sci­
entists initially invented them.

The key point is that most of the concepts that lie 
at the heart of modern scientific thought are the­
oretical in the sense that they are about non-per­
ceptible entities and processes (e.g.. atoms, DNA, 
photons, biogeochemical cycles, natural selec­
tion, protein synthesis). Thus for scientists to 
have invented the concepts and theories in the 
first place, they had to use analogical reasoning. 
Likewise, students must do the same. For exam­
ple, for students to get some sense of what DNA 
is like, we can help by suggesting that it is like 
(i.e., analogous to) a twisted ladder And to help 
them understand natural selection, we can have 
them participate in a simulation in which they 
play the role of birds capturing and eating mice 
(colored paper chips) in various habitats (pieces 
of colored fabric) (e.g., Stebbins & Allen, 1975; 
Maret & Fussing, 1998). Yet teachers need to 
keep in mind that although analogies and simu­
lations should be sought and used as of'en as 
possible, their usefulness is limited by the stu­
dents’ ability to understand not only how the 
analogue and the theoretical target concept are 
similar, but also how they diner After all, DNA is 
not really a twisted ladder!

Cardellini: When are the greatest ideas that have 
been made nvglnble to teachers b> educational 
research?

Lawson: This will come as no surprise to experi­
enced teachers, but the boLiom line from educa­
tional research is that you cannot teach students 
much, if anything, of lasting value by talking to 
them Effective teaching is not telling. Rather 
mcaninglul learning is a "constructive” process

Thus, the most effective approach to teaching is 
an “inquiry-based” approach based on the fol­
lowing four basic findings of educationa 
research

1. Learning is a natural process in which stu­
dents are inherently curious and motivated to 
understand their world,

2. Students have distinctive experiences, inter 
ests, beliefs, emotional states, stages of devel­
opment, talents, and goals that must be taken 
into account;

3. Learning occurs best when what is being 
learned is relevant and when students are 
actively engaged in creating new understand­
ings and making new connections with prior 
knowledge; and

4. Learning occurs best in positive environments 
in which students’ ideas and efforts are appre­
ciated and respected (Lambert Lr McCombs, 
1998).

Ail of this means that effective teaching takes 
teachers off center stage and puts Student-gener­
ated questions, hypotheses, tests, evidence, argu­
ments and conclusions on center stage 
Interestingly, a classroom observational instru­
ment has been recently developed called The 
Reformed Teaching Observation Protocol-RTOP 
for short. The RTOP contains 25 criteria for rai 
ing the extent to which classrooms are mqmrv- 
onented and “constructivist’ in nature (e.g., stu­
dents made predictions, estimations and/or 
hypotheses and devised means for testing them, 
student exploration preceded formal presenta­
tion; students were reflective about then learn­
ing). Research has found very high positive coi- 
relations between RTOP scores and student 
achievement, particularly in the sciences 
(Adamson et at, 2003).

Cardellini: When information ns teachers do we 
need to kncnv about neural theory in aider to be 
more effective?

Lawson: Your plumber needs to know Imw to stop 
leaks-not the molecular structure of watei 
Likewise teachers need to know how to help stu­
dents develop intellectually and to learn—not 
how their neurons work. Ncvei theicss, it is 
important for teachers to know that what is being 
discovered about how brains work suppoiis 
recent constructivist theory, which in turn sup­
ports an inquiry-based approach to leaching 
Having said this, there arc aspects ol neural the­
ory that arc of interest Perhaps ihc most inter­
esting arc
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• Procedural knowledge patterns rules reside 
in neural networks that are hierarchical in 
nature and culminate in single neurons locat­
ed in the brain's prefrontal cortezX ("Wallis, 
Anderson & Miller, 2001V,

• Declarative knowledge resides in associative 
memory, which is located primarily in the 
hippocampus the limbic th.alamus and the 
basal forebram (Kosslyn & Keonig, 1995),

• Learning occurs when previously non-func- 
tionai synapses become functional in one of 
two ways (Grossberg, 1982). and

• The brain is basically a hypothesis generat­
ing and testing “machine."

Let's consider the last two points in a bit more 
detail

As mentioned when discussing knowledge acqui­
sition and problem solving, there are two ways to 
icarn. t his is because there are two ways to pro­
duce functional synapses. One way is through 
sheer repetition and, or na emotionallv-chargrd 
contexts Repetition and emotion “burn” new 
input into one’s synapses (one s long-term mem­
ory) essentially by boosting pre-synaptic activity 
to a high-enough level to create functional con­
nections. Unfonunately, this rote way oi memo­
rizing information produces knowledge of verv 
minted value because it remains disconnected to 
what one already knows. The second more effec­
tive way to form new functional svnaptiz connec­
tions involves linking new input with prior ideas 
When neural activuv is simultaneously boosted 
by new input and by prior ideas the resulting 
pie- and post-svnaptic activities combine to cre­
ate new functional connections This second way 
of learning produces useful transferable knowl­
edge because the new knowledge is connected to 
what one already knows

Another significant aspect of neural theory is that 
when the brain learns by linking new input with 
P'ior ideas, it docs so in an f’/miti then hypo- 
thenco-piedictive wav Consider vision Most 
people would guess that the brain processes 
information, including visual input, primarily in 
an inductive way-that is we look and we look 
again, and perhaps look si ill again, until we even­
tually induce an idea about what we are looking 
at. Bui ilus is not how ihe main works (e.g., 
Kosslyn Koenig, 1995) Instead, based on the 
initial look, the brain spontaneously' and subcon­
sciously ijcncraics a hypothesis of what might be 
out there and then uses subsequent looks to test 
ns initial hypothesis For example, suppose
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Karen. who is extremely myopic, is rooting 
around the bathroom and spots the end of an 
object that appears to be a shampoo tube. In 
other words, the nature of the object's end and 
its location prompt Karen's brain to generate a 
shainpoo-iubc hypothesis. Based on this initial 
hypothesis, as well as knowledge of shampoo 
tubes stored in Karen's associative memory, 
when she looks at the other end ol the object, 
she expects to find a cap If it really is a shampoo 
tube (hypothesis), and I look at the other end 
(planned test), f/icn I should see a cap (predic- 
lion). Thus Karen shifts her gaze to the other end 
(actual test) And upon seeing the expected cap 
(result), she decides that the object is in fact a 
shampoo tube (conclusion)

7he point here is that because the brain learns 
best bv generating and testing hypotheses, it fol­
lows that the most effective way to teach is bv 
encouraging students to generate and lest 
hypotheses Of course, the hypotheses students 
generate and test in science classes ate not of the 
visual sort just discussed Instead they are pri­
marily causal in nature Nonetheless, the hypo- 
thetico-predictive learning pattern remains the 
same

Cardcllini: What are (he great ideas of science dial 
every citizen should know?

Lawson: Every citizen should know that science is 
a collective enterprise that seeks lo explain 
nature based on the open generation and test of 
ideas Although science docs not lead to proof or 
disproof, its coHectivcness and openness ensure 
that mistakes aie corrected. Consequently, sci­
ence leads to useful knowledgc-m the sense that 
reliable predictions about future events can be 
made With respect io specific knowledge, 1 will 
agree, in pari, with Richard Feynman (199?) 
when he put it this way

II. in some cataclysm, all of scientific knowledge 
iveie m be destroyed, and only one sentence 
passed on to the next generation it would he 
the aloiim hypothesis (or atomic fad, oi whalcv- 
ei yon want to call it) that alt tilings arc made oj 
atoms-litflc particles (ha, move around in per­
petual motion, attiacting each olha when they 
ore a hide distance apart, hut repelling upon 
being squeezed into one anothei (p 4)

I say in part because in my view equallv impor­
tant as the atomic hypothesis/fact, is the evolu­
tion hypothesis/fact that all living things that we 
see around us today, and those that lived in the 
past, aie descendants of simple bacteria-like crea­
tures that came into existence some three to four
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billion years ago due to natural chemical process­
es that took place on a primitive Earth ver) 
unlike the one we live in today. When this idea ol 
chemical and biological evolution is combined 
with the idea that the universe had us migm m a 
massive explosion some 12 m 1? billion veats 
ago, with stellar evolution, with geological 
change, and with the idea that the unn -rsc ni, lav 
consists of countless galaxies, one hmm/, to 
appreciate how unique each living thing r an 
how much there still is left to learn
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