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Sometimes I give examples of instruction.  Teacher talk is in regular print.  Student talk is in italics. [Comments about the instruction are in brackets.]
Achievement.  The amount of learning with respect to an objective, from earlier to later measurements (assessments).  Here are examples of earlier to later measurements.
1.
From when a student or a group of students enters school to being graduated from high school.

2.
From the beginning to the end of a school level; e.g., kindergarten through grade five.

3.
From the beginning to the end of a school year.

4.
From the beginning to the end of a course; e.g., 8th grade U.S. History.
5.
From the beginning to the end of a unit in a course; e.g., the American Revolution in a U.S. History course.
6.
From the beginning to the end of a lesson in a unit; e.g., the Declaration of Independence in a unit on the American Revolution.
7.
From the beginning to the end of a task in a lesson on the Declaration of 
Independence; e.g., the teacher teaches the definition of “unalienable rights,” 
“equal,” “consent of the governed,” and just powers.”


But what exactly is achieved?  What does instruction produce that’s called “learning?”  Answer:  Instruction can produce four kinds of learning achievement:  (1) new knowledge (acquisition); (2) generalization of knowledge; (3) fluent use of knowledge; and (4) retention of knowledge.  Let’s see each one.

1.
Students can acquire new knowledge.  You might be interested in how much new knowledge student learn in a certain period of time.  How many science words/concepts do they correctly define at the end of a lesson?  How many new math problems do they correctly solve at the end of a unit (four lessons) on multiplication?  How many questions on their history readings do they correctly answer at the end of the course?  To see if students have achieved (learned) enough, you set an acquisition achievement objective for the new knowledge; for instance, 90% correct answers to the acquisition set of examples.

2.
Students generalize or apply knowledge to new examples.  Let’s say that you (in the acquisition of knowledge phase) just taught, or recently taught students 10 new science concepts: solar system, planet, satellite, orbit, elliptical, galaxy, nebula, and others.  For each concept/word, you taught two things:
1.  A verbal definition:  “A nebula is an interstellar cloud [genus] of dust, hydrogen, helium and other ionized gases.” [difference]. http://en.wikipedia.org/wiki/Nebula); and
2.  Five examples [operational definitions] of the concept that clearly show the features cited in the verbal definition.  
3.  Five examples of things in space that are NOT nebulae (comets, solar systems, galaxies), so that students can contrast examples of nebulae and not nebulae and see the difference.

Then you tested each example and nonexample.  You showed each one and said, “Is this a nebula?”  When students said Yes or No, you asked a follow-up question.  “How do you know?”  You wanted students to use the verbal definition to show how they made their judgment.


Not a nebula….Because it’s not a cloud….not dust…has planets and suns….

So, students did fine!  They TREATED almost all of the examples and nonexamples correctly.

Now, you want students correctly to use the concept knowledge they learned during acquisition (initial instruction with the first five examples and five nonexamples) to identify correctly five new examples.


“Boys and girls.  Here are new examples of things in outer space.  I’ll show pictures.  You 
inspect each one and write down whether it is or is not a nebula, and how you know.”

Perhaps the generalization objective is four out of five correct identifications in the generalization set of examples, or 80%.

3.  Once students meet achievement objectives for acquisition and generalization, you teach them to use their knowledge both accurately and quickly.  Now you’re interested in fluency.  For example, maybe you want students to meet a fluency achievement objective of 90% correct answers at a rate of 10 simple addition problems per minute in the fluency set of 50 problems.  

“Boys and girls.  Now we’re going to go fast!  Here’s a sheet (or computer screen) with 
addition problems.  Try not to make mistakes, but go faster.  We’ll do these a couple of 
times until we get real fast!  Our objective is 10 problems done correctly per minute.  
What’s our objective?  Ten problems correct.  Okay.  Here we go.”
4.  You also want students to retain knowledge that is both accurate and used quickly.  So, every day review a sample of what they learned when you worked on acquisition, generalization, and fluency.  This is a retention test/check. Perhaps your retention objective is 90% correct definitions of a retention set (sample) of science words, 90% correct answers to a retention set of math problems, and 120 words read correctly per minute from a sample of science and history text.
See Phases of learning.

Achievement is generally measured by evidence collected with structured observation on assessment instruments.  

Achievement gap.  Differences in achievement between subgroups, such as ethnic groups (White, Asian, African American, Latino, Native American), economic classes (wealthy, middle class, poor), sex, age, school district, rural vs. urban.   

The “gap” is almost always blamed on poor teaching, racism, large class size, poverty, capitalism, and lack of resources in schools.  These are the fashionable and politically correct explanations.  The gap is almost never traced to cultural, family, and individual factors, such as single, unmarried parents; no fathers around; cultural emphasis on short-term gratification rather than hard work to achieve long-term goals; low achievement motivation; and some students’ difficulty acquiring, generalizing, and retaining knowledge.  The gap will be closed and prevented ONLY when schools provide rigorous instruction and demand civilized behavior, hard work, and moral responsibility in students.  See Assessment. 

Acquisition of knowledge.  See Phases of learning.  This is the first phase of instruction---teaching NEW knowledge.  It’s sometimes called initial instruction. The objective is that students “get it.”  How do you tell if they get it?  Answer:  You give acquisition tests/checks IMMEDIATELY after you’ve teach something new during a TASK in a lesson.  For example,
                     History.  Lesson 15
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              sentative government.”
Examples of giving an acquisition test right after instruction might be, the students answer correctly and quickly when asked to
1.  Solve the new math problems in the acquisition set of examples used to TEACH the new problem.
2.  Define the new concepts---granite, basalt, sandstone.
3.  Decode (sound out) 10 new words.
5.  Read new sentences accurately and quickly.
6.  Conduct  a new kind of chemistry experiment.  

Here are three important features of instruction during acquisition: (1) examples; (2) how students use examples to figure out the general idea; and (3) clear, explicit instruction (communication).
Teachers use a set of examples (acquisition set---Kame’enui and Simmons, 1990) to teach something new, such as: (1) the definition of new concepts (e.g., igneous, sedimentary, and metamorphic rocks); (2) cognitive routines (e.g., sequences of steps for solving a new kind of math problem); or (3) rule-relationship/propositions (e.g., about the relationship between change in pressure and change in temperature).  

Students apply inductive reasoning to these examples (acquisition set) to extract, get, or figure out the general idea (concept, rule, routine) from the examples.   How?  They: (1) compare examples (e.g., how the teacher solved multiplication problems) and identify how the steps in the solutions are the same even though the specific numerals are different; (2) then figure out (discover, construct, induce) the general solution that is revealed in the examples of the solution.  

The acquisition set of examples should make it easy for students to DO the necessary inductive reasoning.  So, examples should:
1.  
Clearly show the important features (for instance, the three minerals that define 
granite) so that students easily “get” it.
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Quartz (crystalline)
 
                                                Mica (black)   Feldspar (flat planes)

2.  
Be varied (as are examples in everyday life) so that students can easily generalize from the 
examples they have seen to new examples outside the classroom.  “Oh, THAT is also 
granite.  I see the three minerals.”

3.  
Cover a wide range of examples.  Not just medium blue, but examples ranging from light to 
dark blue.  Not just pink granite, but grey and orange as well.  If the range of examples is 
too narrow, students will not be able to generalize (extrapolate) to new examples that are 
outside the range the students have seen.  For example, if the teacher shows only pink 
granite, students may not extrapolate (generalize) to grey granite.  “No, that’s not granite.  
Granite is pink.” (wrong)
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By using a wide set of examples that vary, students can compare and contrast examples and identify the important sameness (mica, fledspar, and quartz) that defines granite as a concept, and can identify the irrlevant differences (color, size).

The most reliably effective way to teach new knowledge is called explicit, systematic, focused, direct instruction.  Why is this most effective?  Because it communicates information in the clearest way, and continually checks to see if students get it.


The aim of acquisition instruction is accuracy---generally measured by percentage of correct responses during an acquisition test/check.  For instance, the teacher gives students a delayed acquisition test/check using the SAME math problems she used to teach a new math routine.  


“Boys and girls, now YOU do ALL of our problems by yourselves.”
It looks like this.  Task 4.  How to subtract.
Initial instruction    (          Acquisition test     (            Another acquisition test (retest), 
on acquisition                       using the same examples.    with the same examples,
using an acquisition set       Plus error correction            but since the teacher corrected
of subtraction examples .    and reteaching                      errors and retaught as needed,

                                          Teacher wants at
                  she wants a higher % of correct 
                                                 least 80% correct                  answers.

                                          answers.

The teacher wants the students to be over 80% correct on this FIRST acquisition test of students’ new knowledge.  She wants students to make only simple mistakes, or to be weak on only a few knowledge elements.  If students make more than a few errors, it means that initial instruction was NOT EFFECTIVE for too many students.  Anyway, as students work the problems during the first acquisition test, the teacher corrects errors and reteaches whatever knowledge elements are weak.  Then the teacher tests/checks again with the SAME problem examples.  NOW she wants to see students getting closer to 100% correct.  
Acquisition set. (Kame’enui and Simmons, 1990). The first phase of instruction is acquisition of knowledge---“getting” a fact, or a concept, or a rule (proposition), or a routine.  See Forms of knowledge.  The acquisition set is the set of examples (and nonexamples) used to teach a new concept, rule-relationship, or cognitive routine.

See Acquisition of knowledge.


Acquisition test.  (Kame’enui and Simmons, 1990).  There are two kinds of acquisition tests; immediate and delayed. 


The immediate acquisition test is part of explicit instruction:  (1) model information, (2) lead students to perform the new information with you; (3) test/check to see if students “got it” by having them perform the new information independently.  The immediate acquisition test is a check (a kind of during-instruction, or progress-monitoring assessment) of whether students learned from the model and lead.  For example,

“Here’s the definition of granite.  Granite is an ingenious rock, consisting of the minerals 

quartz, mica, and fledspar.”  [Model]
             “Say that definition with me.”  Granite is an ingenious rock, consisting of the minerals 


quartz, mica, and fledspar.  [Lead]

“Your turn. What’s the definition of granite?”  Granite is an ingenious rock, consisting of 


the minerals quartz, mica, and fledspar.  [Immediate acquisition test]

The delayed acquisition test (a kind of outcome assessment) is given after students have been taught (e.g., via model, lead, test/check) with several examples and nonexamples---the whole acquisition set.  For example, the teacher has students sound out all the new words worked on. [See Assessment, and here.]

“Okay, we’ve done each one of our new problems. [in the immediate acquisition test of EACH problem.]
             “Now, let’s do ALL of our problems!” [the delayed acquisition test of all problems at the same time.]
Link to a lesson

Advance organizers.   Advance organizers are a kind of scaffolding.  They help students to:
1.   Follow a lecture, demonstration, text, or discussion.  I see where this is going.  Or I get why 
she said that.
2.   Organize information into coherent whole.  I simply map this new information about the 
American Revolution onto this diagram model of revolution.  

3.  
Apply knowledge to new examples.  I simply plug new numerals into this model solution, 
and follow the written steps.
4.   Retrieve and retain knowledge.  I’ll use this glossary to review definitions.
So, advance organizers include the following.

1.   Glossaries.  Identify background knowledge (e.g., definitions of concepts) that students need in order to learn from presentations, text, and discussions in a new unit (sequence of lessons on a topic).  Write definitions in a separate document—Glossary for the Course.  Put it on-line and/or print it out for each student.  Teach the definitions during lessons, but also remind students to use the glossary whenever they aren’t sure of a definition.
2.   Diagrams of models of how things change or how factors are connected.  In a history course, you might provide a diagram of the life cycle of civilizations.  For example, Sir John Glubb’s, The fate of empires.
1. Pioneers  ( 2. Conquest  ( 3. Commerce  ( 4. Affluence  ( 5. Intellect  ( 6. Decadence
The diagram helps students to (1) see how different events are connected into a pattern, not random; (2) map newly-learned knowledge onto the model (to see the relevance); (3) apply the model to more examples (“I think our nation is in stage 5.”); and retrieve information.  Now I’ll list all the features of stage 6—decadence—with examples.
3.   Outlines of what will be covered, and objectives for each part of the outline.  This could be on-line and/or a hard copy.  For example, a unit on the Persian Wars between Greece and Persia (490-479 BC) in a western civilization course.



                    Unit 3.  Greco-Persian Wars.


1.   Timeline of events:  what started the war, and then battles.  



Objective.  Students will make a timeline that lists the main events, in 





order, and their dates.

2.  
Main features of Greek and Persian civilizations: religion, political, 


     

military, virtues.  Objective.  Students will compare and contract Persian 



and Greek civilizations with respect to religion, political system, military, 



and virtues.

3.  
Events that started the war.  Objective.  Students will write a short essay 



that lists, in order, events leading up to the first invasion of Greece. They 



will include references to Greek colonies in Asia Minor, rebellion, and 




assistance from Greece.


4.  
Battles: Marathon, Themopylae, Artemisium, Salamis, Plataea.  Objective.    
               
Students will describe each battles, including dates and locations, forces, 
               
strategy/tactics, and outcomes.


5.  
Lessons learned.  Objective.  Students will discuss lessons learned from the 



War, including the importance of weapons and battle formations, 




comradeship, training, and definitions (virtues) of manhood.  Each student 



will then write a summary of the lessons.

You and the class READ the outline before instruction begins.  Students use the outline during instruction to see the sequence of instruction, to focus on what is most relevant, and to integrate these into a whole (e.g., Lessons learned).

4.   Guided notes provide an outline of what will be covered, objectives for each part of the outline, a small amount of information on each thing to be covered (e.g., definitions), and space to take notes and ask questions for further study.  Students have the guided notes on-line and/or in hard copy.  Here’s an example.
	GUIDED NOTES

 Mrs. Loretta Ironabs.  Junior English Lit.            Space for notes,           
 Unit 3. Romanticism                                                questions,                           
 Lesson 4                                                                      reflections                                                                       
                                                                                                   
 “The Chimney Sweeper”
When my mother died I was very young,

And my father sold me while yet my tongue

Could scarcely cry "Weep! weep! weep! weep!"

So your chimneys I sweep, and in soot I sleep.

There's little Tom Dacre, who cried when his head,

That curled like a lamb's back, was shaved; so I said,

"Hush, Tom! never mind it, for, when your head's bare,

You know that the soot cannot spoil your white hair."

And so he was quiet, and that very night,

As Tom was a-sleeping, he had such a sight! --

That thousands of sweepers, Dick, Joe, Ned, and Jack,

Were all of them locked up in coffins of black.

And by came an angel, who had a bright key,

And he opened the coffins, and let them all free;

Then down a green plain, leaping, laughing, they run,

And wash in a river, and shine in the sun.

Then naked and white, all their bags left behind,

They rise upon clouds, and sport in the wind;

And the Angel told Tom, if he'd be a good boy,

He'd have God for his father, and never want joy.

And so Tom awoke, and we rose in the dark,

And got with our bags and our brushes to work.

Though the morning was cold, Tom was happy and warm:

So, if all do their duty, they need not fear harm.

___________________________________________________________________

1.  William Blake.  Facts about…
     

Notes.

___________________________________________________________________

2.  Blake as a Romantic poet.  

     
     Review definition of Romanticism.  Verse provides a direct 
               way of conveying personal emotion.

“A high use of emotion is prevalent throughout. The first two stanzas are especially emotive showing the reader the plight of a very young 
child sold into chimney sweeping. The use of strong images like the mother dying and the child crying help the reader feel and empathize with the character more.” 






http://www.eliteskills.com/c/5080
      

Notes.

___________________________________________________________________

3.  Compare with other Romantics (Wordsworth, Keats) regarding 

   
                subject matter and style.



Space for notes.


     
a.  Review literary devices.



Symbolism.



Onomatapoeia.



Metaphor.



Simile.


b.
Narrator.  Irony.  Blake’s narrator is aware of the deception and 

false hope that is being fed to Little Tom Dacre by the angel of the 

poem.


c. 
Examine examples of Blake, Wordsworth (“The world is too much 

with us”) and Keats (“Ode on a Grecian urn”).

__________________________________________________________________

4.  Analyze “The Chimney Sweeper.”
     
a.  The times.  Lives of rich and poor.


b.  Big idea:   Progress does not benefit everyone.  There is a price 
     
                      for technological change.


     Background.  Parents sometimes sold their children.  Discuss the 
     
               morality of this?  Pro:  child had a marginally better life?   Con:  It was 
               strictly based on economic interest.  Child as commodity.

      
 
c.  Identify rhyme scheme, meter, literary devices:  

  
 Symbolism.

            
 Onomatopoeia.

            
 Metaphor.

        
d. Discuss theme.  The possible collusion of religion and economics.       
                     “if all do their duty, they need not fear harm.”




Aggregate data.  Data for a sample/group as a whole.  The group might be a class, grade level, school, district, state, or nation.  It could also be a subgroup within a larger group; e.g., by sex, race, social class, ethnicity, rural/urban.  Example of aggregate measures might be (1) the percentage of correct answers on a test; (2) percentage of students who pass an end of grade test; (3) rate of graduation; (4) rate of suspensions.  See analysis by subgroup.

Assessment.  Assessment is a procedure for learning something about a person or a group.  Assessment can be used to determine a student’s background knowledge, progress, or accomplishment (achievement), often with respect to (1) benchmarks (e.g., children might be expected to read 60 correct words per minute in grade level text by the end of grade 1); or (2) instructional objectives (e.g., students will correctly define 9 out of 10 vocabulary words).  
1.
Assessment is often used at three points in instruction.

a.
Pre-instruction assessment, to determine whether a student has the background 
knowledge (especially pre-skills) needed to learn new material.

b.
During-instruction, or progress-monitoring assessment, to determine how 


much a student is learning each day or week.

c.
Post-instruction, or outcome assessment, to determine the current level of 


accomplishment (e.g., with respect to a benchmark) and the amount of 


progress from the pre-instruction assessment.

2.
Who is assessed?  

a.  The person might be a student, a teacher, or a principal.  

b.  The group might be a class (e.g., Mr. Planck’s 11th grade physics class), a 


grade level (4th grade at Bunson Elementary School), a whole school, a whole 


school district or county, a state, a nation, or a group of students (in a class, 


school, district, state, or nation) who share a feature.
 For example, students of the same age, or sex, or race, or 
ethnicity, or social class, or who had similar earlier scores on assessment instruments, might be grouped, and compared with one another (inside the group) to see if achievement is similar within the groups.  Then students in these groups might be contrasted with students in groups that are different by age, sex, race, ethnicity, social class, or earlier scores, to see if there is a difference in achievement between the groups.  For example, what percentage pass the state end-of-grade achievement test in math?

                            African American    Hispanic Males       White Males



           Males

Moore County
                  45%
                        47%                        76%
(Low income)

Penfield County                 55%                         54%                        82%
(Medium income)

Fleming County                  54%                         57%                        88%
(High income)

By studying achievement across the racial groups, we see that some groups have higher rates of passing than other groups.  We also see that, for Whites, the rate of passing increases as social class or income of the district increases. However, these data do not EXPLAIN differences in achievement BY race or income of the county.  It could be that the higher-income counties provide better instruction, or that, for some reason, minority children enter school with fewer of the pre-skills needed to learn new material quickly and well.
3.    What is assessed?  Several things.

a.
You can assess how much students know (of math, for example) when they 


enter a school or grade level—background knowledge.  You would use this 


information to plan instruction.  For example, you would give intensive instruction on pre-
skills, especially tool skills, to students who lack the background knowledge.  

b.
You could assess how much math or reading students have learned from the 


beginning to the end of a semester, or from the beginning to the end of a  


hundred-lesson program for teaching science.  This might tell you how 



effective instruction is, and how you might improve it by using different curriculum 
materials or different instructional methods, such as explicit instruction.

c.
You could assess how much students have learned each week, or how much 


they have learned after every set of 10 lessons.  This is called progress monitoring.  It 
helps you to decide whether you need to reteach certain skills, how you might improve 
instruction, and whether certain students who are making little progress need a different 
kind of instruction (e.g., intensive instruction).  
4.    Assessment can be done in several ways.  Assessment instruments are a way to collect information.  There are several ways to do this.  Each way has good and bad points.   You can use:
1.    Standardized tests.  The main features are:

      a.    Everyone does the same thing, such as solves the same math problems, defines the  
             same  concepts, reads and answers questions about the same passage.
      b.    The instrument is known to give accurate---valid---information.

      c.    The test is given and is scored the same way---it is standardized.  
However, standardized tests may not measure (assess) the same material that was taught.  For example, the math textbook in Mr. Thomas Justice’s class teaches students to solve 50 different long division problems, but the standardized tests that his students take have different long division problems.  So, the test is NOT directly measuring what students learned from Mr. Justice.  It’s measuring how well they generalize what they learned from Mr. Justice to new materials.  The assumption is that if students were taught well, and learned, they should do well with (be able to generalize their knowledge to) the new material.  



But this is not necessarily so.  
Why?  Because test items may be very different from the knowledge items that students learned from Mr. Justice. For example, test items may be much harder (making it look—wrongly—as if the students didn’t learn much) or much easier (making it look as if the students learned more than they really did).  Also, the test may use a lot of word problems.  These may be worded in a way that’s hard for students to understand because Mr. Justice’s word problems were worded more clearly. In other words, standardized tests may not give an accurate picture of what students learned (acquisition), can generalize, or have retained, because these tests do not directly measure what was taught.

2.  Curriculum-based measures.  The teacher gives students a sample of what was taught during a period of time---say, every 10 reading or math lessons---to see how much students have retained.  Curriculum-based measures give a direct measure of how much students learned of the material they were taught. However, if different teachers in the same school or district use different curriculum materials, the curriculum-based assessments will be different.  Some curriculum-based assessments may be easier than others.  Therefore, it’s hard to compare achievement from one teacher to another.  A combination of standardized tests and curriculum-based assessment may be the best.
See Mastery tests. See  Progress monitoring.

Automaticity.  A concept relevant to fluency.  The concepts, facts, rule-relationships, and steps in a routine have been practiced to the point that (1) a person no longer talks herself through a task; and (2 the performance, from step to step, is quick, smooth, and seemingly effortless.  

Background knowledge.  See Pre-skills.  The knowledge that students bring with them to instruction on a new skill.  Background knowledge includes:
1.
Common cultural knowledge---telling time; money; names of places and persons; how to 
dress; how to keep oneself clean; calendar; rules about taking turns and cooperating with 
adults; which behaviors are proper and improper depending in time and place; how to 
handle certain materials (don’t throw food); how to ask; how to control anti-social feelings.
2.
Language---concepts/vocabulary, grammar, syntax (full sentences), using language to 
describe and explain.
3.
Logical thinking---(a) inductive reasoning---figuring out the general idea from 
examples 
(“These instances reveal a relationship:  When demand for a good increases, the price of 
the good tends to increase.”), and (b) deductive reasoning---making predictions from a rule 
(“If all cats are felines, and if Tabby is a cat, then what else do you know about Tabby?”).
4.
Content, or subject matter---reading, arithmetic, spelling, history, foreign language,  
       science, etc.

Certain background knowledge is important for learning a new skill, and is therefore called a pre-skill.  For example, knowledge of letter-sound correspondence (r says rrrr) is a pre-skill for learning how to decode words (student sees r u n, and says “rrruuunnn, run.”) because saying the sounds of the letters is a knowledge element that is USED when we decode (read) words. 


However, 
1.
Some students enter school without pre-skills/background knowledge for learning certain subjects, such as reading or math.  And

2.   Teaching in early grades may be so POOR that many children move to higher grades WITHOUT pre-skills needed for learning the advanced skills.  For instance, k-2 students at Bent Fork Elementary School may NOT be taught the sounds that go with letters, and how to sound out words.  

Either way (please read #s 1 and 2 again), these children
1.  Won’t  have the pre-skills needed in grade two to read proficiently what is called “connected text” (sentences, paragraphs).  And so
2.  They won’t be able to read math problems, science and history books, or take notes in grade two.  And so
3.  They won’t learn the subject matter in grade two, that is a pre-skill for subject matter in grades 3 and up. And so
4.
Every teacher from grade 2 and up will have the IMPOSSIBLE job of trying to teach these kids BOTH the pre-skills AND the new materials that requires the pre-skills.  And so,
5.   Some of these teachers may burn out from the stress, and many of these students will become frustrated, alienated, disruptive, and drop out.

All because they: (1) came to school without needed background knowledge; and/or (2) were not taught pre-skills for the next grades.

Also, some students come to school with little background knowledge that is important for participating in school itself.  They don’t know how (in fact, they don’t know that they NEED) to control certain behavior or cooperate with adults; they don’t speak in full sentences; they have little vocabulary.  These students soon do not “fit in” and don’t “get it.”  They may not know what the teacher is even talking about when she says, “work independently” or “It’s not your turn yet.”  These students are called “disadvantaged.” 

These same disadvantaged students---as well as students from other countries and students who have one or another learning difficulty---may have little knowledge of subject matter (such as geography) and little knowledge of tool skills, such as language, logical thinking, reading, and arithmetic.  

Therefore, assessment of students’ background knowledge is essential to:
1.
Plan instruction for the whole class.  For instance,
During the first week on the new school year, Mrs. 
Ironabs gives her first graders a test of arithmetic pre-skills, such as writing numerals and counting.  The assessment tells her that, “I need to firm up students’ knowledge of (1) rote counting forward by ones (“One, two, three…”), (2) rational counting (counting things), and group counting (“One, two, three apples here….four, five, six, seven apples in all.”) before we work on addition, because rote counting, rational counting, and group counting are elements USED in addition.  The example below shows how.
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“Boys and girls, here are two groups of apples.  Count ALL of the apples.  Start with the number one, and count until there are no more apples. Go!”

 One,… . two,…. three apples……four,…..…five,…....six…...seven apples.”

“How many apples?”

Seven!

“Yes, seven apples.”  
2.
Plan instruction for subgroups in the class.  Mrs. Ironabs also finds that, “The pre-test of 
basic reading skills shows that five students don’t know the sounds that go with letters.  I 
guess the kindergarten teachers FAILED to teach this pre-skill!!!  So I have to work with 
these five kids independently and with special curriculum materials to help them catch up, 
before I work with these kids on sounding out words, because knowing the sounds that go 
with letters is a knowledge element of sounding out words.” 

How does Mrs. Ironabs know what the pre-skills/knowledge elements are for more complex knowledge?  In other words, how do YOU find out what knowledge elements students need (and therefore, what you have to teach or firm up) in order for students to learn something new that REQUIRES the pre-skills?  Good question!  The answer is, Knowledge Analysis.

Benchmarks.  Benchmarks are objectives regarding achievement during a certain time period.  If students meet the benchmarks, it suggests that: (1) the curriculum is well-designed (e.g., it teaches all the needed pre-skills; it teaches in a logical sequence); (2) the teacher is using well-designed materials (textbooks, programs); (3) the teacher communicates clearly, and builds fluency, generalization, and retention; and (4) students’ learning mechanisms work (students “get it”).  

It’s wise to use benchmarks based on empirical research (not benchmarks that someone made up because it seemed like a good idea) showing that ordinary students achieve to a certain level in a certain period of time.  For instance, research might show that you can expect students to read 30 words correctly per minute in kindergarten, 60 wcpm in grade 1, and 90 wcpm in grade 2.  Of course, you may want student to exceed such benchmarks.

Here is an example of benchmarks. http://reading.uoregon.edu/big_ideas/flu/flu_benchmarks.php
Note:  you must use a valid instrument for measuring student achievement, or else you can’t tell if in FACT students met or did not meet the benchmarks.

See Progress monitoring.
Best fit line.  The best fit line is a line that shows the trend, or the shape of the change, or the relationship between values of one set of variables and values of another set of variables.  The best fit line does NOT connect the plotted data points.  It cuts through them so that there is the least distance between the line and the data points.
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Big ideas.  Big ideas are (1) concepts (liberty, life cycle), rule-relationships (causal statements---“If X happens, Y will happen”;  and moral principles), or cognitive routines (such as theories) that help students to follow, organize, retrieve, and “make sense” of the flow of information.  For example, the big idea---“Addition is counting forward by ones, and that subtraction is counting backward by ones,”--- helps students to learn and use the routines of addition and subtraction.  No big deal!  It’s just counting!

                           3 + 4  = ___

           Easy peasy.   I start with three, and count four more.  Three.  Four, five, six, seven.  Three 
           plus four equals seven.
Likewise, the big idea that the monarch is a symbol for the realm or kingdom, helps to make sense of the plot of Shakespeare’s play, King Lear.  When Lear gives up his crown, the realm disintegrates.  The Duke of Gloucester says it all, here.
These late eclipses in the sun and moon portend
no good to us: …. love cools,
friendship falls off, brothers divide: in
cities, mutinies; in countries, discord; in
palaces, treason; and the bond cracked 'twixt son
and father. … there's son against father: the king
falls from bias of nature; there's father against
child. We have seen the best of our time:
machinations, hollowness, treachery, and all
ruinous disorders, follow us disquietly to our
graves. …. 'Tis strange.

Finally, a visual model of convection cells---showing how warm matter, liquids, and gasses rise and then fall as they cool---is a big idea that would connect  instruction on different kinds of convection cells: ocean, atmosphere, air in a room, water on a stove.
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It’s a good idea to start instruction by teaching students the big idea, to remind students of the big idea as new examples are added, and (at the conclusion) to show students how the big idea connected all of the examples.

Calling on Students.  When?  Choral response.  Individual Response.  You call on students to check:
1.
Whether they are “with you”---can tell you what the task is, what the objective is, what you just said.

“Okay, so what’s our fluency objective?”  We read the whole list in one minute with no 
       more than two errors.
 2.
Whether they are learning what you are teaching.  An example is an immediate acquisition test of what you just taught.
       “I’ll show you how to sound out this word.”    r u n   rrrruuunnn  [Model]
      “Sound it out with me.  Get ready.”   rrruuunnnn   [Lead]
      “Your turn to sound it out.  Get ready.”  rrruuunnn   [Immediate acquisition test]
      “Yes, rrruuunnn.  You’re so smart!”  [Verification]
                                                                                     
 If students are with you and are learning, then keep going.  If they are not with you, or if they are not learning (they made an error when you called on them), then: (1) you must correct the error; (2) reteach whatever they don’t know; and (3) perhaps change the way you teach (faster; more focused; more examples; examples that more clearly show the essential information; more pre-lesson review and firming up; shorter, more discrete tasks to make it easier for students to follow and to stay focused).

Sometimes you call on the whole group (to get a choral response) and sometimes you call on individuals.

1.  Choral response.  The whole group responds at the same time to a teacher’s question.  
The choral response is an efficient way to test/check whether students (1) are focused; (2) are with you, and (3) have learned the information presented earlier (review) or just taught (acquisition test).  Mr. Justice checks this several times during a five minute task in a lesson:
“Okay, what are we studying?”  The logical argument in the Declaration of Independence.
A little later, “So, what’s the definition of ‘unalienable right’?”  Can’t be taken away… Part of human nature.
A little later, “How many original colonies?”  Thirteen
Followed by, “Another name for colony.”  State.

Ms.  Lucinda Gonzales checks like this:
“Blake’s poetry is in what genre?”  Romantic.
Followed with, “Name two more Romantic poets.”  Keats and Shelley.  Shelley and Lord Byron. Wordsworth.
Later in the lesson, Mr. Justice checks,
“List the rights protected in the First Amendment.”  Religion….
“What about religion?”  Congress can’t establish a religion.
“Correct.  Congress can’t establish a state religion.  What else about religion?”  You get to practice religion as you want to… Congress can’t prohibit practicing your religion.

“Correct.  Congress can’t establish a state religion or prevent you from practicing your religion.  “What else?”    Press.  Speech.  Petition Congress for redress of grievances.
“Yes, I need one more!”  Free chicken.  
“Not free chicken.  Try again.   Assembly!  Peaceful assembly.
“Yes, now you got it.”
Teachers above asked for a choral (whole class) response.  Imagine if they checked by going around the room and asking each student. NOT SMART!  It would take all day, and kids would simply imitate what they heard from earlier kids.  So, asking for the whole group to respond tells you if they got it.  Don’t worry.  You’ll hear if any kid gets it wrong.  It will stand out, like someone in a choir who hits the wrong note.  “What was THAT!?”
If anyone in the group makes an error, immediately correct it---give the correct answer and test again.
2.
Individual response.  Call on individual students to: (1) give them a chance to shine (I nailed it!); (2) keep everyone paying attention, because they don’t know who will be called on; (3) review and firm up, when students made errors.  (I got it that time.).  
For example, you had the whole class read the following word list.

“Boys and girls.  When I touch next to a word, you read the word.  Get ready.”  

sing
singing
bring
sang
bringing
lift
lifts
lifting

When the whole group is correct with a word, you say, “Yes, bringing (etc.)”  Any time ANYone makes an error, correct it.


When you have done the whole list, call on a few students---especially students who made errors the first time through.  Correct all errors.
“Boys and girls.  Individual turns.  When I touch next to a word, you read the word.  Don’t be fooled.  First word. What word.  Ned.”  bring
“Yes, bring!”

“Next word.  What word?  Isaiah.”  lift
“Correct.  Lift.”

Next word.  What word.  Debbie.”  Sing
“Yes, sing!”  etc.

Notice: Give the instruction or ask the question FIRST!  THEN call on the student.  Why?   Because if you call on a student first, the rest of the class will tune out.  Not MY turn!

Cognitive routine.  A cognitive routine is one of the four forms of cognitive knowledge.  A cognitive routine, or routine, is a sequence of steps for accomplishing something, such as writing essays, decoding words, solving math problems.  Performing the steps requires USING certain knowledge elements, such as rules (e.g., for renaming in multiplication), concepts (e.g., “borrow”), facts (e.g., “Three plus one equals four.”), and physical operations (e.g., writing numerals).  The basic procedure for teaching cognitive routines is as follows.
1.
Do a knowledge analysis of the routine.  Identify the (1) steps in performing the routine; and (2) the knowledge elements needed to perform each step.  
(1 )  Be prepared to review, firm up, or reteach these elements before you teach the 
        routine.  
(2)   Also, be prepared to analyze each step into even smaller parts, depending on your 
        students.  
(3)   And identify possible errors students might make, and be prepared to provided pre -   
        corrections (e.g., reminders) and error corrections.

2.
Select an acquisition set of examples clearly reveal the steps and the knowledge elements needed to perform the routine.

3.
Use explicit instruction.  Make sure to:
a.
Gain attention and focus.
b.   Frame the instruction.


c.
Model each step, more than once if needed. 
d.   Have students do the step with you (lead).  Correct errors.
e.   And then have students do the step on their own (test/check).  Correct errors.


f.   Teach each next step the same way.  
g.  Have student do the first two steps, then three steps, then foiur steps, etc. in the proper 
     sequence.  Teach the next step and then have students do the first three in sequence. 
     Repeat until students do all of the steps in the sequence.
h. Do a-g with each next example in the acquisition set.
       i.  Give an acquisition test with all examples. 
Complex.  Complex skill.  Compound.  Every bit of behavior or knowledge or skill has parts---smaller behaviors, knowledge, or skills.  Riding your bicycle.  It seems like a continuous whole, but what do you DO WHILE you ride a bike? Sit properly; hold the handle bars just the right way; feet on the pedals; pump the pedals; steer; brake; turn.  You DO all of these things; therefore, you KNOW all of these things.  What do you DO----what do you KNOW---when you write a paper on the causes of the American Civil War---including persons, groups, dates, places, historical trends, ideas, values?  What do you DO----what do you KNOW---when you solve problems like this?

1,254,698 divided by 789  This is a cognitive routine.

1. You do estimation.  “789 goes into 125….no 1254, how many times?”

2. You do multiplication.  “1 times 789 is 789.”

3. Subtraction.  “1254 minus 789 is…”

4. You write numerals in the right spots.

5. You bring down the next number.

6. You repeat the above steps.

So, long division is a cognitive routine that requires knowledge of (requires that you do) steps; and each step requires that you USE knowledge of concepts (e.g.., what multiplication is), smaller routines such as multiplication and subtraction, and writing numerals in the right spots.

Even something as simple as fact knowledge has parts or elements.


“Thomas Jefferson was the third President of the United States.”
What must you know—what knowledge must you USE---to get what that sentence means?
1.  “Thomas Jefferson” is a name.
2.  “Thomas” is the first name.  “Jefferson” is the last name.
3.  Thomas is usually the name of a man.  So, this statement is about a man.
4.  “Third” means there were two before him.
5.  The concepts of president, office, government, nation.
6.  The words “United States” are the name of a country.
7.  The country named United States has had at least three presidents.
Some of the background knowledge needed to get the above fact is simply part of the English language---for instance, that in English, the family name is after the first name.
Some of the background knowledge would be taught as subject matter---government, United States, the office of President.

To summarize:  
1.  All behaviors, skills, and knowledge (they the same thing) consist of smaller parts, or knowledge elements.  
2.  To do or to know something requires that you do or know other things.

3.  These other things are knowledge elements.

4.  These knowledge elements might be facts, concepts, rules, or smaller routines.  See Forms of knowledge.

5.  Use knowledge analysis to find out the knowledge elements.

6.  To learn and to do something means that you have to learn most of the knowledge elements first, and then put them together or use them together---assemble them.  Whatever knowledge elements you have to learn first are called pre-skills.

7.  As a teacher you either have to:
     a.  Use materials (such as programs) that have been designed on the basis of a knowledge analysis of everything taught, so that all of the pre-skills are taught before the skills that require these pre-skills.  Or 
     b.  YOU have to do a knowledge analysis of everything you want to teach, and then teach all of the pre-skills first.  Which is smarter? Make up your own materials, or use materials made and tested by experts who do nothing else?  Do carpenters make their own hammers?

Concept.  Concepts are one form of knowledge---one way that humans represent reality.  Reality consists of individual, particular things, unique things.  These individual, particular things, unique have features, or qualities, such as shape, color, use, and many more.  Human beings make groups, classes, or categories of things that are different in many ways but that have some of the same features---usually because these grouping are important for human activities.  Things you can eat vs. things you can’t eat.  Things that are hard vs. things that are soft.  Things that are animals vs. things that are plants.  A concept is a class of individual things that are grouped by the features that they share.  NOTE:  Words---red, dog, carbon, fast---are NOT the concept.  Words stand for (symbolize) the concept.  Or, you could say that words point to the concept.  When you say, “dog,” the word stands for the whole group of things that are dogs.  Also, when you say “dog,” the word directs attention to dogs (signifies the group).  “Look! A dog.”  If a child knows the class of things that are dogs--knows the features of things that are (are IN the class of) dogs, then the child will look at the dog and not at a passing car.

What does it mean to learn a concept?  To learn a concept simply means to learn two things:

1.  The features that define the concept---the features that are shared (the same) by things that are IN, that are members, that are EXAMPLES of the concept.  For example, all tables (the concept or class or group or category) have (are defined by) legs, a top, and are used to place objects.  All particular individual things that have these features are examples of the concept, table, or things that are tables.  All particular individual things that do NOT have these features are called NONexamples of the concept, table, or things that are tables. They may be examples of some other concept, but not of tables.  For instance, a thing with four legs and a top but that you don’t place objects on might be a bench.

2.   The features that do NOT define the concept—the features that are different among examples.  For example, tables are not defined by color, or shape, or material.


There are two kinds of concepts: sensory or basic concepts and higher-order or abstract concepts (Engelmann and Carnine, 1991).


1.  Basic concept.  (Kame’enui and Simmons, 1990).  Basic (or sensory) concepts are concepts in which all of the features that define the concept are immediately present to the senses.  For example, red is a basic concept.  You can see all there is to redness.  Basic concepts do not require verbal definitions.  They can be displayed and learned through examples.


2.  Higher-order concept.  (Kame’enui and Simmons, 1990).   Higher order, or abstract, concepts are concepts in which all of the features that define the concept are not immediately present to the senses.  For example, war is a concept, but you cannot see all that defines war (battles, weapons, technology, strategy and tactics, beginnings and endings) all at once.  Therefore, (1) higher-order concepts require verbal definitions that identify the features; and (2) the verbal definitions are then illustrated with examples.

Concept: sensory concept.  Reality consists of particular things that human beings group into classes based on certain tangible (seeable, hearable, feelable) features that are SHARED by the particular things.  


“Hey,” says an early human to his pals around the campfire, “all these creatures have 
four legs, tails, long noses, sharp teeth, and fur. They hunt.  They fetch.  And they like to 
hang around us.  Let’s call all examples of these guys ‘dogs’.”

Each particular thing in the class is an example of the concept.  Sensory concepts are concepts in which

1.   
The features of examples are tangible; you can see, hear, feel, or smell them.  This is not true of abstract or higher-order concepts, such as republic, or galaxy.  The features of abstract concepts are spread out.  You can’t bring a galaxy into the classroom and say, This is a galaxy.”  You’d have to give a verbal definition first—that TELLS what the features are, because you can’t SHOW what the features are.  Also 

2.   
Any example of a sensory concept shows all of the defining features.  Any example of triangle shows the three connected lines forming angles that equal 180 degrees.  



           Likewise, any example of blue (a blue ball, a blue cube, a blue line on the floor) shows everything there IS to the concept of blue, or blueness.  YES, there are different SHADES 
of things that are blue, but any ONE example shows blueness, right in front of your eyes.   So, examples of sensory concepts are colors, shapes, textures (smooth, rough), sounds (loud, soft, repeating, constant), bitter, sweet, salty, stinky, flowery, brightness (light, dark), movement (fast, slow, smooth, jerky), hardness.  

Again, the DEFINING features of a sensory concept are tangible---you can see, feel, taste, smell, hear the features, just as a scraping feeling on your hand defines the concept rough.

3.  
Therefore, you teach sensory concepts by showing examples and then TREATING the examples a certain way (Kame’enui and Simmons, 1990).  For instance, you can NAME them the same; you can sort them together.  



“This line (subject)                  is (in the class of things that) is straight (predicate).”
     

          “This (subject)                is (in the class of things that) is blue (predicate).


     
 “This (subject)                       is (in the class of things that is) on (predicate).


Here’s a basic procedure for teaching sensory concepts. Notice that the procedure easily enables the learning mechanism to perform the routine of inductive reasoning.
1. 
Present to students, or model, a range of examples that differ in size, shape, etc. 
(NONdefining features), but are the same in the defining feature (e.g., color)—to allow 
comparison, to identify sameness.  DO something with each example--- name it. “This is 
(red, straight, loud, smooth, a triangle, on, next to).”
2. 
Juxtapose examples and nonexamples that are the same except for the defining feature---
to show contrast, so students identify differences in the features that make the 
difference.
3. 
Test with all examples and nonexamples (delayed acquisition test).  

4.  
Use new examples and nonexamples to test generalization.     

Concept: abstract or higher-order.  Reality consists of singular, unique things that human beings group into classes based on certain tangible (seeable, hearable, feelable) features that are SHARED by the particular things.  In sensory concepts, the features are all tangible and you might say they are part of objects.  So, you can easily show them.  

“This is square.”

“This is blue.”    

“This is straight.”   

Abstract or higher-order concepts also consist of tangible features (otherwise they wouldn’t be real), but the features are spread out in time and space.  
Democracy

Political system

Fluency

Furniture

Canine

Nebula

You can SHOW square, blue, and straight.  But how can you SHOW democracy?  You can’t bring into the classroom political parties, speeches, voting, orderly transfer of power, government buildings, and a thousand other thing that make up an examples of democracy.
Or the abstract concept, nebula.  You can’t bring examples into the classroom.  They are billions of light years away.
[image: image14.jpg]


      [image: image15.jpg]



The Horsehead Nebula                                  The Crab Nebula
Since you can’t SHOW all the features of an abstract concept, you have to:

1.  Use a verbal definition toTELL what the features are; and then

2.  Give examples that clearly show the defining features and nonexamples (for contrast with examples) that clearly do NOT show the defining features.  
Here’s an example of teaching an abstract or higher-order concept: convection cell.  Notice how every single statement from the teacher does something to (1) prepare the class to learn; and (2) communicate the concept.  And every response from the class does something to communicate what they’ve learned or not learned.  See explicit instruction.  This is several tasks in a science lesson.
Task 1.  Set up 

“Boys and girls.”  [Gain attention]  

“New concept:  convection cell.  We’ll USE the concept of convection cell in our study tomorrow of weather and ocean current.  Look at your guided notes to see what we studied earlier, what we’re studying today, and what we’ll study next.  Now we’ll review background knowledge.  Second, you’ll learn what convection cells are.  You’ll tell the definition of convection cell and identify examples.   [Objectives]  And third, we’ll do an experiment on convection cells.”  

“First, let’s review.” [Firm up pre-skills.  Also see compound.]

“The concept, fluid.  Read the definition with me in your guided notes.  A fluid is a continuous (not broken into parts), amorphous substance (amorphous means without a specific form) whose molecules move freely past one another and that has the tendency to assume the shape of its container.”  

http://www.thefreedictionary.com/fluid

“So, water is a fluid.  It is continuous and amorphous.  Its molecules move freely past one another.  And in its liquid state, it conforms to the shape of its container.  Give me an example of how water conforms to the shape of its container.”  [Test/check.  If students can generalize to a new example, they must know the concept so far.]

Bathtub….sink…swimming pool…..ocean.

“Excellent.  Yes, those examples show how water is a fluid. Its molecules move past one another. It is continuous.  And it conforms to the shape of its container.”

“Oxygen is a gas.  It is continuous and amorphous.  Its molecules move freely past one another.  And it conforms to the shape of its container.  Give me an example of how oxygen conforms to the shape of its container.”  [Test/check.  If students can generalize to a new example, they must know the concept so far.]

Fills a room…Fills a refrigerator…Fills a tank.

“Yup.  Great examples.  The gas, oxygen, is a fluid.  Its molecules move past one another.  It is continuous.  And it conforms to the shape of its container.

Next.  Here’s a rule from yesterday.  Check your guided notes.  As a substance becomes cooler, it becomes more dense.  As a substance becomes warmer, it becomes less dense.  [Have students read that rule with you.]  So, if you heat water, will it become more or less dense?” [Test/check use of the rule to make a deduction.]
Less dense.

“Correct.  As the water is heated, it becomes less dense.” [Verification]
“If you let the water sit there in the pot, it will cool.  Will it become more or less dense?” [Test/check]
More dense.

“That is correct.  As a substance cools, it becomes more dense.” [Verification]
“Another rule.  Among objects (solid or fluid) that are the same size or volume, the denser objects are heavier than the less dense objects.  [Have students read that rule with you.]  

So, there are two containers that each contain one cubic foot of oxygen.  The oxygen in container A is more dense than the oxygen in container B.  Which container has heavier oxygen? [Test/check]
Container A.

“How do you know?”  [Follow up to check reasoning.  Did students use the rule?]

If it’s more dense, it’s heavier.

“Correct.  If it’s more dense, it’s heavier.  Good use of the rule.”  [Verification.]

“How about water.  You have two containers of water, and each container has one gallon of water.  One of the gallons weighs more than the other.  And one of the gallons is more dense than the other.  Which container has denser water?”  [Test/check the weight-density rule]]
The heavier one.

“How do you know?”

If it’s denser, it’s heavier.
“And which one is cooler?”  [Test/check the heat-density rule.]

The denser one.  

“How do you know.”

If it’s cooler, it’s denser.

“Yes, you got it.  If it’s hotter, it’s less dense, and if it’s less dense, it lighter.” [Summarize]
-----------------------------------------------------------
Review and firm-up is complete.
-----------------------------------------------------------

Task 2.  Initial Instruction (Acquisition) of New Concept

“Now for our new concept: convection cell.  Follow in your guided notes.”
“Here’s the definition.   A convection cell is a loop of moving fluid (such as air, or water, or even molten rock) in which the motion from the bottom to the top of the cell, and from the top of the cell back to the bottom of the cell, results from differences in density caused by differences in temperature.”   http://www.allwords.com/word-convection+cell.html
[Verbal definition  Notice that the first part---“A convection cell is a loop of moving fluid”---is the GENUS part of the definition.  It places things that are convection cells INSIDE the larger class (genus) of things that are loops of moving fluid.  Other things that are loops of moving fluid would be water and air churning behind a propeller; water going down the drain; water stirred in a pot; and water or gas circulating through pipes.  So, the next part of the definition (the DIFFERENCE) tells how convection cells are different from other things that are in the genus, loops of moving fluid.  “….in which the motion from the bottom to the top of the cell, and from the top of the cell back to the bottom of the cell, results from differences in density caused by differences in temperature.”  This is DIFFERENT from a loop of water going down the drain, or air swirling behind a propeller.
“Read that definition with me…”   [Lead]

“Now read that definition yourself.”  [Test/check]

[Now the teacher shows examples that reveal clearly the features that define convection cells.  The examples are different in the irrelevant/nondefining features, such as where the cell is and what the fluid is.  But they are the same in the DEFINING features---loop of fluid, heating and cooling.]
“This is a convection cell.  Notice the motion from the bottom to the top of the cell, and from the top of the cell back to the bottom of the cell, results from differences in density caused by differences in temperature.” 
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“This is a convection cell.   Notice the motion from the bottom to the top of the cell, and from the top of the cell back to the bottom of the cell, results from differences in density caused by differences in temperature.” 
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http://pubs.usgs.gov/gip/dynamic/graphics/Fig33.gif
“Here’s another convection cell.  Use the definition and our rules about temperature, weight, and density, to tell how it works.”  [Notice that THIS example is a lot like the previous one.  So, having students generalize to this new example should be easy.]
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Heat makes the water less dense….Less dense fluid is lighter than more dense fluid…..Lighter fluid rises….. When warm fluid is at the top, it cools….Cooler fluid becomes more dense…Denser fluid is heavier….Heavier fluid falls….Then it gets hot again, becomes more dense, becomes lighter, and rises….  [Correct any errors.]

“Yes, you told how this convection cells works, and you used the rules and heat, density, and weight.”  [Verification.]

“And here’s another example.   It’s water in the ocean.  But it’s still a convection cell because hotter and lighter fluid moves from the bottom to the top of the cell, and from the top of the cell (where is cools and becomes denser and heavier) back to the bottom of the cell.”
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Here’s another convection cell.  In the one before, a volcano heated the fluid (water) from the bottom.  In this one, the sun heats the ground, which heats a different fluid---air.  The kind of fluid and the source of heat are different, but they are convection cells because hotter and lighter fluid moves from the bottom to the top of the cell, and from the top of the cell (where is cools and becomes denser and heavier) back to the bottom of the cell.”  [Teacher points out irrelevant differences but sameness in defining features.]
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“This is a convection cell in the earth itself.  The fluid is liquid rock, or magma, heated by the hot earth’s core.  Tell me what happens as the magma rises.”  [Test/check definition and rules.]
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It cools….Get’s less dense…Gets lighter…Rises above the denser magma….Gets to the surface and cools…Gets heavier…Gets more dense…Flows back down….

“Perfect.  You used the definition and rules to explain the loop of moving fluid.”  [Verification]

[Now juxtapose examples used earlier, with nonexamples.  Make sure the juxtaposed examples and nonexamples are similar in NONdefining features, but are different in the DEFINING features, so that the differences that MAKE the difference are easily seen.  “This is a convection cell because it has…..?.....This is NOT a convection cell because it does not have….”]
“This is a convection cell.         “This is NOT a convection cell.  

Hotter, less dense, a lighter     There is no difference is temper-
fluid rises, cools, and then       ature in the fluid, and therefore
falls.”                                           it is all f the same density and weight,

                                                     And therefore there is no loop of





moving fluid.”
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“This is a convection cell.         “This is NOT a convection cell.  

Hotter, less dense, a lighter     There is no difference is temper-
fluid rises, cools, and then       ature in the fluid under the ice. 
falls.”                                            And therefore, it is all f the same density and weight,

                                                      And therefore there is no loop of moving fluid.”
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[Now give a delayed acquisition test of (1) the rules about heat, density, weight, and motion of a fluid, and (2) all of the examples and nonexamples in the acquisition set---above.  This is where you assess whether students met the objective. ]
“Boys and girls, tell the definition of convection cell.  Check your guided notes….Okay, go!” [Choral response]
 A loop of moving fluid…air, or water, molten rock….the motion from the bottom to the top of the cell, and from the top of the cell back to the bottom of the cell, results from differences in density….caused by differences in temperature.

[Verify correct answers.  “Yes….!” Correct any errors, and have the group repeat until they are firm.]

[Now ask a SEVERAL individual students, especially students who made errors or who need some success.]

“Individual turns.  Define convection cell.  Luis?”

[Verify correct answers.  “Yes….!” Correct any errors and repeat until firm.]

“Everybody. Tell me the rules about heat, density, weight, and motion…. Go!”  

When the fluid is hotter it is denser…When it’s denser, it rises….When it’s cooler it’s less dense….When it’s cooler, it falls.

[Verify correct answers.  “Yes….!” Correct any errors and repeat until firm.]

“Individual turns.  Tell me the rules about  heat, density, weight, and motion.  Debbie?”

[[Verify correct answers.  “Yes….!” Correct any errors and repeat until firm.]

[Now show each example and nonexample, and test….]
“Is this a convection cell?”
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Yes.

“How do you know?”

Fluid loop….hotter on the bottom….less dense….lighter….water rises….cools at the top….denser and heavier….fluid falls.

“Correct!  Excellent use of the rules and definition.”

“Is this a convection cell?”  [Nonexample]
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No.

“How do you know?”

Frozen…No heat differences….No part is denser or heavier….No motion.

“Correct again.  There are no heat differences.  So, no part is more dense or heavy.  And so there is no motion.”

[Repeat acquisition test with several more examples and nonexamples.  Verify correct answer and correct all errors and repeat.]

[Now help students to EXPAND their knowledge by GENERALIZING it to new examples.]

“Here’s a bathtub with hot water running in it.  Is IT a convection cell?  Think about it using the words, heat, density, weight, and movement up or down.”  [Hints.]
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Yes.

“How do you know?”

Hot water goes to the bottom, but is less dense and lighter than the cooler water in the tub….The hot water rises….The water at the top cools….Gets less dense….Gets lighter and falls.

“Wow!  You used the definition of convection cell and all the rules!!”

“How about this one?  The water has been sitting in the tub all day.”
[image: image29.jpg]
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Not a convection cell.  Fluid is the same all over….No part is hotter or colder…Same density and weight.  No motion.

“You are soooo smart!”

[You could give more generalization examples and nonexamples to the whole group and to individual students.]

[Now you could APPLY the knowledge with projects that INTEGRATE this new knowledge AND prior knowledge of measurement and data collection.]

“Boys and girls.  You are SOLID on convection cells.  Let’s do some projects on convection cells, using glass beakers that we will heat from the bottom, blue dye that we can use to see motion, and thermometers to measure temperature in different parts of the fluid.  We’ll use water and oil to see IF it takes higher or lower temperature to produce motion.  We will make videos showing motion and heat.”
--------------------------------------------------

Concept/proposition map.  A concept/proposition map is one kind of advanced organizer or graphic organizer.  It is usually a diagram that shows the connections among sets of things (concepts).  For example, the diagram may show the phases of cell division.  

Conspicuous Instruction.  Conspicuous, or explicit instruction involves the teacher providing information in a way that it is clear to students that the teacher IS providing information.  That is, part of the instruction points to the instruction itself.  “Watch me as I solve this equation.”  “I’ll show you how to sound out this word.”  “Here is the first step in assembling the apparatus.”   The teacher also conspicuously communicates the knowledge she uses as she models how to perform routines.  For example, “Watch as I sound out this word.  I will not stop between sounds.”

Constructivism.  Constructivism is a philosophy of knowledge that asserts that knowledge does not exist outside persons and cannot be transmitted.  Rather, knowledge is a construction by individuals and groups.  The criterion for truth is not that statements match objective facts—because for constructivists facts themselves are a construction. Instead, the criterion for the truth of a statement is whether it leads to useful consequences.  This philosophy of knowledge is taught in many schools of education and has generated educational practices that emphasize students “inquiring” and then “discovering” knowledge, and de-emphasizing teachers transmitting information through presentations. 

Content, or Content knowledge.  See Tool skills.

Control group.  A control group is a group that does not receive an intervention that is being tested.  The performance of the control group is compared with the performance of an experimental group that does receive the intervention to be tested.  The experimental and control groups should be as similar as possible, so that the only significant difference is that the experimental group received the intervention and the control group did not.  If there are differences in how much the experimental group changed between a pre-test and the post-test, over how much the control group changed, then, all other things (variables) being equal, the intervention probably made the difference.

If the experimental and control groups are NOT virtually equal in other ways besides the intervention, then you cannot conclude that it was the intervention that made the difference in, for example, achievement.

Covertized.  When an action is done so often that the directions, cues, and thinking that a person used to guide performance are no longer needed.   See automaticity.
Curriculum.
Curriculum is two things.  First, curriculum is what you teach---namely,  knowledge in different subjects (also called knowledge systems).  For instance, an elementary school math curriculum contains (teaches) knowledge of counting, writing numerals, addition, subtraction, multiplication, and division.  A history curriculum contains (teaches) knowledge of persons, places, dates, events, social changes (such as economic and political changes), and “big ideas” (the lessons we learn about human beings) in different periods---for instance, Colonial period in America, Revolutionary period, Western Expansion Period, Industrialization Period, Civil War period, and so forth.  
Second, curriculum is the sequence (the order) in which you teach this knowledge.  For example, to learn how to multiply numbers, students first must know (and therefore, first must be taught) how to count, write numbers, and add. Why?  Because we use counting, writing numbers, and adding when we do multiplication.  So, these pre-skills are taught before multiplication is taught.
Curriculum: Materials.
Curriculum standard.  Sometimes called goals, objectives, competency goals. 

1.
Curriculum standards or goals from a state standard course of study.  Standards or goals are the general things your students must learn; e.g., how to decode words; how to identify the main ideas in text; how to multiply two-digit numbers; to describe the events leading up to the American Revolution; to analyze poems into their literary elements (e.g., rhyme, figures of speech, symbolism).

But at every step (above) you need language that is concrete (the words refer to behavior---to what students do) and is clear (the words have common meaning). If language is not clear and concrete, then objectives will be vague and instructional procedures will not focus on---they will not teach---what students need to learn.  Here are examples of wording that is not concrete and clear vs. wording that is concrete and clear.

Not Concrete and Clear


Concrete and Clear
Students demonstrate….


Students write, list, say, draw, solve… 

Students understand…


Students correctly solve four equations; 







state three rules; develop their own






examples of…

Students appreciate different…

Students correctly (name, point to, 








group) different…

Students determine which…


Students visually inspect examples of 







(phases of cell division) and (name, point 







to, group) them.

Students represent…



Students draw a diagram showing 








connections among…

Students formulate



Students write or say the steps and the 







guidelines in their plan to… 

Students recognize…



Students state the main features of…

There may be gaps in a state standard course of study and therefore in a state curriculum.  

Curriculum-based Measurement  Curriculum-based measurement, or CBM, is a method of monitoring student educational progress through direct assessment of academic skills. It can measure basic skills in reading, mathematics, spelling, and written expression, and to assess pre-skills.  The teacher uses brief or "probes" or sample of academic material taken from the students’ school curriculum. These CBM probes are given under standardized conditions; e.g., the same directions at the start of every probe. Probes (e.g., 1 to 15 minutes) are timed.  The student’s performance is measured with respect to speed can accuracy.  These measurements may be charted to show progress.  

CVC.   This is an acronym for a type of word—consonant/vowel/consonant, such as sit.  Other types are VC---am; VCC---ask; CVCC---dust; CCVCC---clamp.

A well-designed curriculum

Declarative Statement.
Deductive reasoning, or deduction.

Definitions: of concepts and variables.  A definition is a statement that tells what a word (a name for a variable, or concept) means, or signifies, or points to.  If a definition clearly tells what a variable means, then you can more easily think of how to measure the variable---measure the events that it points to.  For example, if fluency (a concept and a variable) means performance that is both accurate and rapid, then to measure fluency you must measure how accurately and rapidly a person does something.  

Words don’t tell you what they mean.  Human beings invent definitions.  There are two kinds of definitions.


Verbal definitions, or Conceptual definitions.   Conceptual definitions are broad. They are like a search light that shines on a general area.  A conceptual definition of fluency might be:


Fluency is a feature of performance: accuracy and speed.


Here is a conceptual definition of representative democracy.


Representative democracy is a form of political system in which citizens 
who have the right to vote elect representatives who make important 
local and societal decisions. 

Notice that the conceptual definition of fluency directs your attention to two aspects of performance (accuracy and speed) and NOT to other aspects of performance, such as how independently persons performs a task, or how easily persons generalize knowledge or the performance to new situations.

Likewise, the definition of representative democracy directs your attention to political systems that have certain features, and away from societies that have other features, such as dictatorships---where there is no voting.

Two parts; genus and difference.

Operational definitions.  Conceptual definitions are not precise enough.  To create actual ways of measuring a concept or variable, you need definitions that say EXACTLY what you would see or hear.  In other words, you give EXAMPLES of the concept or variable. For instance, an operational definition (example) of fluent reading in grade 1 might be:


By the end of grade 1, he student reads grade level connected text at 
the rate of 60 correct words per minute.

Notice that this operational definition DOES include accuracy and speed.  But it is more precise than the conceptual definition.  It is so precise that you can think of exactly how to measure fluency: grade 1 level connected text; the child reads the text; the observer marks errors; the child reads for one minute, the observer counts the number of errors and subtracts this from the total number of words read.


When you evaluate research, ask:

a.  
Did the writer provide conceptual definitions?  For example, if a writer 
says that “teachers were trained,” what does that mean?  Trained to 
do what?  What skills?

b.
Did the writer provide operational definitions?  For example, did the 
writer state how teachers were trained, how their learning was measured, 
how successful and unsuccessful performance was defined and measured?  
If not, then maybe different teachers were trained differently, and with 
different results.  In other words, without operational definitions, the 
word “trained” means nothing.

c.
Were conceptual definitions derived from or consistent with scientific 
research?  For example, reading might be defined as




The process of constructing meaning from text.


Is that ALL that reading is?  Comprehension alone?  Scientific research shows that reading ALSO includes knowledge of the sounds that are associated with letters (phonics); using knowledge of letter-sounds to sound out words (decoding); hearing the separate sounds in words (phonemic awareness), and vocabulary (knowing the definitions of words).  So, the above conceptual definition is narrow.  It does not include enough of what is meant by reading in the scientific community.  Any curriculum 
materials, instructional methods, and assessments/measures of reading will be INVALID.  

d.
Were operational definitions derived from and consistent with the 
conceptual definition?  And did they include what is relevant to the concept and exclude what is irrelevant to the concept?  For example, what exactly do you see or hear when someone constructs meaning from a text?  Do they ask certain questions?  Do they read on to check their answers?  If that is part of the conceptual definition, then that is what should be in the operational definition. 


Reading is the process of constructing meaning from text using 
cognitive routines; for example, the reader asks questions such as (who, why, what, when)……..; and then reads on to check his or 
her answers; the reader restates sentences to himself or herself; the reader connects events into sequences.


This operational definition is better. It identifies what readers actually do.  It includes what is important---at least for ONE aspect of reading (comprehension).  And you can observe this!  But isn’t it a good idea for the operational definition explicitly to EXCLUDE guessing?  A student might use GUESSING to construct meaning.  And the student might be good at guessing.  If the operational definition doesn’t exclude guessing, then a student who guesses (rather than uses a cognitive routine) will be a proficient reader.  Is guessing what reading usually means?

Delayed acquisition test.  (Kame’enui and Simmons, 1990). A kind of outcome assessment.  For instance, at the end of a math lesson, the teacher has students independently solve all of the problems worked on during the lesson.  This assessment tells how much the students learned.  The teacher can use this information to evaluate her own teaching procedures, materials, and students’ need to reteaching or even intensive instruction.

Difference.  Difference refers to students’ discriminating between (telling the difference between) examples and nonexamples.  The student makes the discrimination (“This is blue.  That is not blue.”), by contrasting examples of objects that are blue and nonexamples of objects that are not blue, but are the SAME in virtually every other way.

Difference Principle.   To teach that things are different, juxtapose an example and nonexample that appear almost the same, but treat them (name them, solve them, analyze them) differently.  This reveals the difference that MAKES the difference in how they are treated.  [See Sameness principle.]

Differentiated instruction.

Direct Instruction.  A form of instruction that uses extensive teacher modeling, guided practice, immediate assessment of learning, correction of errors, precise focus on the objectives, clear wording, systematic review and practice, and logical sequences of instruction (e.g., pre-skills are taught before material that requires the pre-skills).

Direct measure.  When you wrap a blood pressure cuff on your arm, squeeze the bulb till the cuff gets tight with air, slowly release the air, and read the blood pressure numbers on the dial, you are measuring the pressure in your arteries directly.  The cuff picks up the pressure right there as the blood goes through your arm.  But if you measure your blood pressure by looking in your eyes or how read your nose is, you are NOT measuring blood pressure directly.  You are measuring an EFFECT of blood pressure on the blood vessels in your eyes and nose.  Which do you think is better at telling you if you have high blood pressure, and exactly HOW high it is?  Direct, with blood pressure cuff.

The same goes for student learning and the effectiveness of your teaching.  Which do you think is a more INFORMATIVE measure of your students’ skill at reading?
a.  How many books your students read on their own.
b.  How much your students say they enjoy reading.
c.  Asking students three questions about what they read.
d.  Giving students a test made up by your state Department of Public Instruction, 
that asks students to write an essay on a test passage.
e.  Observing your students read a short passage, while you: (a) mark every word they read correctly; (b) mark every word they read incorrectly, noting they errors they 
made (e.g., the word is “ship” and a student reads “slip.”); (c) figuring out how many words they read correctly per minute; and (d) asking questions about every line, every paragraph, and the whole passage, so that you see what they get from each line, and how they put together information from paragraphs and the whole passage?

Many teachers use a-d.  NOT a good idea.  These do not measure reading ITSELF.
a.  MAYBE measures an EFFECT of reading well or poorly.  But maybe some kids read 
try to real a lot even if they are poor readers.  And good readers may spend more time playing video games.  So, a. is an inforect measure and it may not measure reading skill at all.
b.  Same as a. At best, what students say about reading may be an effect of how well they read.  Or maybe not.  Good readers may not LIKE to read.
c.
Comprehension is part of reading, but it is an effect of OTHER reading skills, such 
as decoding words.  So, if a student fails to answer comprehension questions, you won’t know if they are weak at comprehension (don’t remember what a text said, for example) or if they COULD be good at comprehension, but can’t decode important words.  So, measuring comprehension alone is INCOMPLETE.  
d.  The state test measures much more in addition to reading skills.  It measures writing skills, motivation, attention span, persistence, and skill at generalizing 
skills from texts used in school to unfamiliar text. So, it really doesn’t measure reading directly at all.  Nor is it valid. Some good readers may not even try to write a good essay.  And some test questions may be so easy, or may be graded so easily, that poor readers LOOK good.
e.
This is the most useful.  It measures all of the reading skills; it measures them right now; it gives information that is precise (exactly THIS many words read correctly per minute; these errors); and the information is likely to be useful for deciding what to do next (such as reteaching weak skills, or moving to new materials).
Disaggregation of data.  A sample or group always has members who differ in certain ways: male/female/; White/Minority.  Aggregate data for the whole groups don’t tell about differences or similarities between the subgroups.  To disaggregate data is to analyze data on subgroups of the sample.  For example, the sample of all students who took an achievement test could be disaggregated (divided) into subgroups such as White, African American, Asian, Latino, and Native American.  Then you can compare and contrast scores among the subgroups.

Diverse Learners.  Learners from subgroups (ethnic, social class, learning difficulties) that bring less background knowledge (e.g., vocabulary, reading skill, reasoning strategies) to school and who may have a more difficult time learning, organizing, retrieving, and applying knowledge.  These learners therefore require assessments that precisely identify their learning needs, and progress monitoring that enables teachers to provide supplemental, remedial, or intensive instruction.

During-instruction (or progress-monitoring) assessment.  A kind of assessment that provides achievement information following short periods of instruction.  The period depends on how long it is expected to take to accomplish objectives.  For instance, if the objective for a lesson is that students define four vocabulary words (concepts), then during-instruction assessment would follow instruction on every word.  Outcome assessment would follow instruction on all four words.  However, if the objective is that students read at a rate of 120 correct words per minute (and pre-instruction assessment shows that on average they read 70 correct words per minute), then progress during fluency instruction might be rate and accuracy reading checks every other day or at least weekly. 

Elements.

Engaged time.  This is the time students are paying attention, writing, or performing instruction tasks.  It is important to increase and sustain high engaged time by brisk instruction, lively manner, reinforcement for participation, and a high rate of questions and other opportunities to respond.

Errors

Error correction.  It is important that teachers correct errors immediately and effectively.  Otherwise, students will repeat the errors; these errors will become gaps in learning; and students will not have some of the pre-skills needed to learn more complex tasks.  The general procedure for error correction is:

· Immediately model (tell, show) the information on which the student made an error.  “Carbon has EIGHT electrons.”

· Lead.  Have the student say this with the teacher.  “Say it with me….”  [Sometimes the lead is not used.]

· Test/check.  “Your turn.  How many electrons does carbon have?”

· Start over.  “Let’s back up I the list.  Hydrogen.  How many electrons?...”

· Retest.  Come back to the items that were missed, and retest.

Simple error correction.  The least intensive remedial procedure.  It is often used when students make errors as a result of inattention.

Examples.  Examples are instances of general ideas, such as verbal associations, concepts, rule-relationships, or cognitive routines.  They are part of the same group (general idea) because they share certain defining features.  All instances of sounding out regular (regularly-pronounced) words have the same steps.  Therefore, we may speak of a sounding out routine for regular words.  To teach this routine, the teacher has to model examples of it.  Students then grasp (learn) the GENERAL set of steps from the SPECIFIC examples. [See Nonexamples.]

Experimental group.  An experimental group is the group that receives the “intervention” (for example, new curriculum materials) whose effects are being assessed or tested.

Explicit, systematic, focused, direct instruction.  From now on, we’ll just call it explicit instruction.  The general format (way of doing) explicit instruction is as follows.
1.  Review and firm up---have students practice what you taught earlier that is important for learning the new material, correct errors, practice some more until they are solid---accurate, fast, smooth.  
2.  Gain attention for the new instruction.  “Boys and girls.  I need you all sitting tall ready to learn….”

3.  Frame the new instruction:  Say what they’ll be learning and what the objective is (what they will DO when you are done).  “Now you’ll learn the sound that goes with THIS letter.  When we’re done, I’ll touch under this letter and you’ll tell me the sound.”
4.  Model or present the information.  “Here’s the definition of granite. Granite is an igneous rock consisting of three minerals: quartz, fledspar, and mica.  Here is the first example of granite….”  “This letter makes the sound ffff.”  “Here are 10 facts about writing the U.S. Constitution.  Here’s the FIRST fact…”  “Watch me solve this problem.  First, I….”  
5.  Lead or guided practice.  Students say the definition, say the sound, recite the first fact, or do the first step in the routine for solving the problem with you.  They map their behavior onto your model. 
6.  Test, or Immediate acquisition test.  Students say the definition, identify the first example (“Is this one granite?”), recite the first fact, or do the first step of the routine for solving problem on their own.  Correct any errors.  

7.  Do Model, Lead, Test with more examples of granite, more facts, or more steps of the routine for solving the problem, and more problems in the acquisition set.

8.  Test all of the examples, facts,  steps in solution, or problems in the acquisition.  Delayed acquisition test.  Correct any errors.
9.  Integrate, if possible, the new learning with earlier taught knowledge.  For example, integrate the new letter-sound f (fff) with earlier taught i, r, a, t, and n, and have students read the words fin, fit, fan.  Correct any errors.
10.  Review a sample of what was taught during the lesson---to build retention and to prepare for the next lesson.


Explicit instruction is very important when you are teaching what is called a tightly-coupled knowledge system, where many of the strands or kinds of knowledge are interdependent---part of one another.  Math is a tightly-coupled knowledge system.  To do almost any skill you have to integrate a whole bunch of the others.  Therefore, students have to be firm on all of these elements.  Explicit instruction is the surest way to get students firm quickly. 
Extraneous variable.  Extraneous variables are variables that are not part of an intervention (e.g., a change in curriculum or instructional methods) whose effects are being tested.  Extraneous variables may “interact with” independent (intervention) variables to produce an effect, or extraneous variables may produce an effect by themselves.  Therefore, change (or lack of change) in dependent variables (e.g., reading achievement) may be entirely or partly the result of extraneous variables, such as maturation; other things happening outside of school (e.g., siblings teach some students to read); measurement error (students appear to read better because observers at the outcome assessment failed to count many errors); bias in selection (e.g., if the experimental group has many bright students and the control group doesn’t, that different---and not the curriculum---may account for differences in achievement).

Fact knowledge.  See Forms of knowledge
Field tested.  See Research based.

Firming up.   see part firming

Fluency.  Fluency is a feature of performance:  accurate, rapid, seemingly automatic.  Fluency is also a phase of mastery in which teachers build accuracy and speed by modeling fluent performance, providing practice and short speed drill, and special cues (e.g., to increase the tempo).  See Phases of mastery
Fluency set.

Focused instruction.  Focused instruction involves communication that is aimed precisely at the skills identified by objectives.  For example, if the objective is that students learn to say the sounds that go with letters, the teacher focuses on that and, for the time being, nothing else.  Unfocused instruction regarding that same objective would be a teacher reading a story from a large book and occasionally pointing to letters and saying the sound.  See

Explicit instruction

Forms of knowledge.  Sensory experience---what comes into your eyes, ears, nose, skin, and muscles—changes continuously.  It comes and goes.  Sensory experience is the BEGINNING of knowledge, but IT is NOT knowledge.  Just colors, sounds, smells, pressure, and movement don’t tell you about what is in reality, how reality is organized, and how things change.  Sensations (color, sound) come and go. However, knowledge of reality is somewhat durable.  A concept (a set of things in reality) is THERE. The concept doesn’t come and go.  

So, where does knowledge come from?  Answer:  The “learning mechanism” (Engelmann and Carnine, 1991) performs a sequence of logical operations (logical steps) with sensory experience, and it transforms mere sensation into knowledge.  
1.   hatKnowledge, in contrast to sensory experience, is general.  It is of connections among specific things and events; how things go together: how they are grouped, how they affect on another.  There are four kinds or forms of cognitive knowledge: verbal associations (one thing goes with another thing); concepts (a number of events or objects share certain features, such as color, which IS the concept); rule-relationships (which are connections among sets of things—concepts—such as All mammals (one set of things) are warm blooded (another set of things); and cognitive routines (sequences of steps for accomplishing tasks, such as writing essays, sounding out words, and analyzing documents).  

Formats.
Forms of knowledge.
Frame instruction.  Lessons are a sequence of tasks.  Each task should serve an instruction function.   Frame.  Frame is part of focused instruction.  It involves telling students what the task is.  “Boys and girls, new concept.”  And the objectives.  “At the end of the lesson, you will be able to…”

Functions, Instructional.  Lessons that you develop from textbooks or that you use in pre-planned programs should be a sequence of tasks. Each task should have a function.  And the sequence of tasks should be logical.  

1. Review and firm or reteach examples worked on in the last few lessons to: 

a.  Warm kids up for MORE work on that same skill.  For instance, you might be teaching more examples of how to do chemistry experiments.  So, review the steps you taught earlier.

b.  Firm up earlier-taught knowledge elements that will be integrated into a larger whole.  For example, today you will be teaching students to decode the new words run and sat.  So, firm up the earlier-taught sounds that go with the letters a, r, n, s, u, and t.  

[Logical.  Students need to be firm on any prior knowledge they need to learn from the new lesson.]

2.  Teach pre-skills needed to learn from the new lesson.  Today you are teaching students to summarize the argument in the Declaration of Independence.

http://www.archives.gov/exhibits/charters/declaration_transcript.html
To do this, they need to know what the sentences mean.  To know that, they need to know what the words (concepts) mean.  So, you will have to pre-teach the meaning of “unalienable rights,” “usurpation,”  “consent of the governed,” “just power,” “men,” and “equal.”  You could teach these when they come up IN the Declaration, but that would be like teaching someone the elements of swimming AFTER your throw them into the deep end.  So, which is the safest bet?  Teach pre-skills before r teach them at the same time you are teaching new knowledge that REQUIRES the pre-skills?

3. Teach something new.  Acquisition phase of learning.  Teach new facts, new concepts, new rules, new routines.  [It’s logical

3. Generalization.  
4. Fluency.  All levels.

5. Retention: review and firm or reteach.

6.  Expand; e.g., increase length of words or text. 

7. Integration of elements into a larger whole.

Gain and focus attention.  This should be the first step in any teaching task. You can use a phrase that signals students; for instance, “Everybody show me ready.” You should 
1.  Teach what “show me ready” means very early with your class---day 1.


“I’ll show you ready.  My feet are on the floor.  My back is straight.  My 
materials are arranged on the desk. I am quiet.  And I am looking at my 
teacher.  Now, let’s do that together.  Show me ready. Feet on the floor.  YES, 
our feet are on the floor.  Now, backs nice and straight!  YES!  You are sitting 
BIG. Now, put your book in front of you on the desk.  GOOOD! And now, look at 
me.  I’m soooo good looking!  GREAT.  Now we are ready to learn.”
2.
Practice every day---especially with the little ones or with students with 
disabilities.
3.
Frequently reinforce ready behavior.  “Yes, you are sitting big, ready to learn.”

General Procedure for Teaching.  The General Procedure for Teaching is a procedure that consists of the elements of explicit, focused, direct instruction; for instance, clear and concrete objectives; pre-instruction assessment of pre-skills and prior knowledge; review and firming up of pre-skills and relevant prior knowledge; gaining attention; framing the instruction; modeling new information; leading students through the new information; giving an immediate acquisition test to see whether students learned the new information; correcting any errors; presenting more examples; giving a delayed acquisition test of all the new information; and review.  The general procedure is modified depending on the form of knowledge being taught.  For example, higher-order concepts require teaching a verbal definition followed by examples.

Generalization

Generalization set.  A set of example (e.g., words to read, math problems to solve) that are the same kind that students have learned in an acquisition set, but differ in nonessential features (e.g., the specific numbers).  See Phases of learning.

Graphic organizer.  A visual display, such as a table, concept/proposition map, or set of guided notes that help students to organize, retrieve, and apply knowledge.  See Advance organizers
Grouping.  Heterogeneous homogeneous.  by skill level  See Heterogeneous group
Guided notes.  Students are given sheets of paper that contains main and minor headings that correspond to sections of presentations or text, to assist students to follow the sequence of information and record main ideas. See  Advance organizer.

Guided practice.  A procedure in which the teacher first models how to perform a task (e.g., solve a math problem) and then has students solve the problem along with the teacher, who provides assistance as needed.

Heterogeneous group.  A group that consists of students with a range of background knowledge and/or abilities.  An argument made for heterogeneous groups is that it prevents the development of “tracks” or invidious distinctions among students.  An argument against heterogeneous groups is that teaching is less effective because the teacher cannot tailor instruction to each student, and therefore tracks and invidious distinctions develop.

Higher-order concept  See Concept: higher order

Homogeneous group.  A group that consists of students with similar background knowledge and/or abilities.  An argument against homogeneous groups is that they create tracks or invidious distinctions.  An argument for homogeneous groups is that instruction is more effective because it can be designed with respect to the common learning needs and preparedness of students.

Hypothesis.  A hypothesis is a statement of belief that can be tested.  There are two kinds of hypotheses.  The research hypothesis is what you believe to be the case; you collect data to see if the data support the research hypothesis.  For example, you believe that adapting instruction to fit students’ learning style is important.  Your research hypothesis might be: “Students who receive math instruction that is consistent with their learning styles (experimental group) will make more gains during the year on math tests than students who do NOT receive math instruction that is consistent with their learning styles (control group).”  You then assign students to the two groups (experimental and control group); give a pre-test of their math knowledge; give one group the adapted instruction and the other the usual instruction; give a post-test of their math knowledge; and determine if any differences are as predicted by your hypothesis.  If so, the hypothesis is SUPPORTED.  It is not PROVED to be TRUE, because OTHER things (errors of measurement, teacher behavior from one group to the other) might have raised the scores of the experimental group and held down the scores of the control group.


The other kind of hypothesis is the null hypothesis.  This is basically a statement of the opposite of the research hypothesis. For example, the null hypothesis might be “Students who receive math instruction that is consistent with their learning styles (experimental group) will make NO more gains during the year on math tests than students who do NOT receive math instruction that is consistent with their learning styles (control group).”  You conduct the research as describe above.  And if the findings are that students in the experimental group made more gains, then your null hypothesis is FALSE.  This does not mean that the research hypothesis is true.  It only means that IT is NOT false.


The null hypothesis is a way that researchers keep themselves honest.  It is easy to FIND data that will support what you believe (your research hypothesis).  The NULL hypothesis challenges the researcher to collect exactly the kind of data that SUPPORT the null hypothesis---that adapting instruction to learning styles makes NO difference. 

Immediate acquisition test.  [See Acquisition test.]

Individual response.

Inductive reasoning.  Inductive reasoning is not a mysterious process that happens in your mind.  Inductive reasoning is a cognitive routine (a sequence of steps leading to an outcome)---just like any other cognitive routine, such as solving an equation.  The outcome of a successfully solved equation is an answer.  The outcome of successfully done inductive reasoning is a valid inductive inference (generalization from facts).
1.
What’s inductive reasoning for? ( A routine for making generalizations that summarize what is common to examples.
2.  What kind of routine is inductive reasoning? ( A thinking routine, usually using language. 

3.  What performs the routine called inductive reasoning? (The “learning mechanism” (Engelmann and Carnine, Theory of instruction.  Association for Direct Instruction Press, 1991).  
4.
What is the learning mechanism? ( The brain, plus sense organs, and other body parts for helping us make contact with the environment.
5.  What are the steps in the inductive reasoning routine? ( 
      a.  Examine a particular thing and identify its features.
      b.  Examine more particular things and identify their features.
      c.  Compare and contrast the features of the particular things examined.  What features are the same in all instances?  What features are different?  The ways they are the same may be important!  The ways they are different may be irrelevant.
      d.  Make (induce, figure out, construct) a generalization that 
summarizes what you learned.  



“All of these things (that I’ve seen) have three straight lines that intersect to 


form angles.  The angles add up to 180 degrees.  Let’s call these things 



‘triangles’.” 



“Mr. Dragul gave examples, and told us to figure out what a republic is from the 

examples. In all of the political systems that Mr. Dragul called republics, 


government 
was considered a public matter, and government officials were 


elected.  However, these instances of what Mr. Dragul called republics were in 

different times, spoke different languages, were of different sizes, and where in 

different places on the planet.  Therefore, I think (infer, induce, generalize) that 

republics are DEFINED by government being considered a public matter, and 


government officials being elected.  


    Then Mr. Dragul gave instances of what he called NOT republics. These not 


republics were of the same time periods, sizes, languages, and places on the planet 

as the republics, but NONE of the not republics had a government that was 


considered a public matter, and had elected government officials.


    So, now I am certain (I conclude) that republics are defined by a government that 

is considered a public matter, and government officials are elected.

Inquiry.   See Constructivism


Instruction.
Instruction: Assess and Improve.
Instructional Objectives.  Instructional objectives are statements of what students will do (as a result of instruction), the situation in which they will do it; criteria for satisfactory achievement; and any assists provided to students. For educ, grad, subject, level, unit, lesson, task.   Curric, perf, terminal   do, no know.  clear
Instructional procedures.

Integration, see strategic integration
Intensive instruction.  Instruction that focuses on smaller units of knowledge, and provides more assists, reinforcement, graphic organizers, review and practice.  See Differentiated instruction

Juxtaposition.  The placement next to each other or in rapid succession of examples that differ in many unessential ways but are the same in essential features (to reveal sameness), or the placement next to each other or in rapid succession of examples and nonexamples that are the same in many unessential ways, but are the different in essential features (to reveal difference).

Knowledge.

Knowledge analysis.
Be prepared to analyze into even smaller steps and elements


For instance,  the problem,  23                       23
                                                 x 8                     x   8

                                                                                 18 4


Steps

Knowledge, forms of.  See Forms of knowledge
Knowledge system.
Lead.  Lead is part of focused instruction.  Model (model information); Lead students through the information; Test/check to see of they learned the information.  The lead is not always needed.  It depends on whether students need the information presented twice. 

Learning community.

Learning mechanism.  The learning mechanism is a figurative way of describing the learning process. The learning mechanism is the combination of brain and sense organs that induces (figures out) patterns in examples, and comes to know these patterns as ideas, or cognitive knowledge.

Lesson

Lessons: Well designed.  A well-designed lesson 

· Teaches knowledge from a number of strands in a curriculum (e.g., new vocabulary; facts about persons, dates, times, and place; analysis of cultural artifacts, such as art and documents---in a history curriculum).

· The lesson is organized into a sequence of tasks or exercises---each of which focuses on specific knowledge, and each of which is followed by a quick acquisition test.  [put in function and discuss logical order]

· The lesson begins and ends with review and firming up earlier and new knowledge.

· Tasks are arranged to strategically integrate knowledge.  For example, a poetry lesson covers rhyme, figures of speech, influence of culture on the poet, and ends with students integrating this knowledge into a routine for analyzing the poem.

Lessons: How to describe and evaluate

Levels of a variable.  You could take numerical scores and put them in groups and give each group a name.  For example, you could say that adult persons who weigh more than 100 pounds and who eat between 500 and 1000 calories a day, are “Under-eaters.”  Persons who eat between 1001 and 1500 calories a day are “Normal eaters.” Persons who eat between 1501 and 2000 calories a day are “Heavy eaters.”


Likewise, you could take all of the specific numerical scores on achievement tests and put them into three groups.  Proficient/advanced, Basic, and Below basic.  This means that you have less information on each person.  For example, some students have the highest scores and other students have high scores, but they are all called “Proficient/advanced. 

Levels of research.  There are three levels of research.  There are also “research” claims that really are not ANY kind of research.

Nonresearch claims.  This is writing (e.g., articles) that merely asserts opinions, or beliefs, or “Most educators know that…,” or “Piaget argued that…,” or “According to constructivist philosophy…”  There is little or no experimental test of the claims.  Readers may be swayed merely because the writing uses emotionally charged and appealing language (holistic, seamless, natural, deep, everyone believes, child centered).  Sometimes, the claims are called “theory,” but they really are not theory.  They are merely unsupported sentences about the writers’ preferences for how children are taught.  A true theory is a set of statements that are connected logically and that form a comprehensive explanation.

Level 1--Basic" research.   This research is field observations (e.g., observing peer reading exercises in class) or it involves some quantitative data (e.g., how many words each peer in the exercises reads correctly per minute when it is his or her turn).  The research may be guided by an hypothesis of what the researcher thinks is the case (e.g., peer reading exercises increase reading fluency).  The research identifies what APPEAR to be correlations.  Or it shows that there are NO correlations.  The research may provide a SOMEWHAT reasonable explanation (partial theory) for what is found.

Level 2--Test of the theory in real classrooms.  This research is more rigorous than level 1 research.  

a. Hypotheses are stated clearly.  

b. Variables in the hypotheses are clearly defined (e.g., exactly what goes on in the peer reading exercises, exactly what reading fluency means).  

c. Measures, and methods for making the measurements, are developed and tested to see if they are valid---measure what they are supposed to measure (See Validity).  For example, reading experts are consulted on the definitions of fluency and the measures; e.g., each child reads a passage that is 100% decodable (the child knows how to read every word).  Each child takes a turn reading. The other child, reading along, marks each error and checks how many minutes the reading took. 

In addition, the measures are checked for reliability. That is, if two observers measure the same child’s fluency during an exercise, will the observers arrive at about the same score?

d.  Experimental and control groups are formed, and these groups are created by matching or by random allocation to try to ensure that the children are similar on variables that could influence reading fluency.  The experimental group consists of students who do the peer reading exercises.  The control group might be students who read by themselves and are given strategies for increasing 
fluency.  [See Experimental group, Control group, and Matching.]

e.  Fluency is measured at the beginning of the experimental TEST of the hypothesis, during each lesson, and at the end of the series, to see if there is any TREND in each group 
[See Trend.] and to see if (as hypothesized) the experimental group gains more in fluency than the control group.

f.  Conclusions are drawn about whether the research hypothesis was supported and whether the null hypothesis (peer readers make no more gains than independent readers) can be rejected.

Level 3--Program Evaluation on a school- or district-wide basis.  The same rigorous research is done as in level 2.  This research answers the question, “Will we find the same thing (e.g., students who work on fluency in peer reading exercises DO make significantly higher gains---between pre-test and post-test---than students who work on fluency independently) when we do this at the level of a whole school or district?”

In other words, level 3 research is checking the reliability (repeatability) of the results in different environments (e.g., with different children, and teachers, and different degrees of teacher support).  It is one thing for a teacher to do the peer reading “protocol” (way of doing it) when she is in an experiment and is receiving special assistance to do it right.  Bit what happens when peer reading exercises are just one part of the school activities?  Will teachers use the protocol faithfully then?  Level 3 research is what must be done BEFORE writers claim that an innovation works and should be used; and before teachers USE any new method.  Would anyone use a drug that had only been tested/tried with 20 persons?
Logical progression, or Logically progressive sequence.  A logically progressive sequence of knowledge units or examples is one in which:

1.  
Students have the pre-skills needed to learn the new material; e.g., they already know the main vocabulary words in a document that they will be reading.

2. 
Elementary or part skills are taught before complex skills; e.g., students already know addition, which is needed for multiplication.

3.  
Skills and knowledge that are useful now, or that are more generally used, are taught before skills and knowledge that will be useful later; e.g., students learn to read am, me, sit, run, eat, and look, before they are taught to read zygote, slay, and gnu.

4.  
Skills that are more regular (e.g., regularly spelled words---sun, am, fin) are taught before skills that are exceptions (e.g., irregularly spelled words---said, was).

Longitudinal research.  Longitudinal research is research done over a fairly long period of time.  Research that is NOT longitudinal may show that a method is effective.  However, you won’t know if it is effective for very long.

Mastery.  See Phases of mastery.

Mastery tests.  Mastery tests are a kind of progress monitoring.  They tell you whether students mastered what you tried to teach during the past 5, 10, or 15 lessons or days.  Mastery tests are usually curriculum-based measurement---they are a sample of knowledge items selected from what was taught.  This could be word lists, sentences, and stories in beginning reading; multiplication problems in arithmetic; slope and intercept in algebra; concepts or vocabulary in history and science; problems in physics.

Mastery tests should measure three things:
1.  A sample of knowledge items taught, taken from the lessons covered.  This assesses what students acquired and what they retained.
2.  A sample of new items that are made from items in sample 1.  For example, new words, sentences, or stories made by combining and rearranging earlier-taught words, sentences, and stories; or new multiplication and slope-intercept problems that are LIKE the ones taught earlier.  This assesses how well students generalize from what they were taught to new material.  This assesses how well students generalize from what they learned.
3.  A sample of fluency items made from samples 1 and 2.  This assesses how fast and accurately students can use what they learned.

Matching.  Matching is one way to try to make experimental and control groups equivalent.  You select variables (factors) that may have an effect on the thing you are measuring (e.g., achievement), and you make sure that the groups are similar in these variables. For example, the two groups are the same on the percentage of boys and girls; high and low income; and ethnic composition.


Randomization, or random allocation.  This is a second way to try to make experimental and control groups equivalent.  If you have a “pool” of 50 students, you randomly assign them to the two groups.  This means that all factors (ethnicity, social class, family support, background knowledge, age, sex) have an equal chance of being in either group. 


Measure.  A measure is simply information on the value of a variable.  If reading proficiency is the variable, what is the measure of reading proficiency?  That is, there is more or less of what?  There can be many measures of a variable, because variables (such as reading proficiency) include a lot of things.  For example, how many words (out of 20) does a child segment correctly (“What are the sounds in sun?”)?  How many letter-sound relationships (out of 40) does a child get right?  [Teacher points to letters and says, “What sound?”]  How many words (out of 100) does a child read correctly?  How many words does a child read correctly in one minute?  How many vocabulary words out of 100 does a child define correctly.  How many questions (out of 20) about what a text says does a child answer correctly.  These are all measures of reading proficiency.

Model.  Model is one step in the procedure: model, lead, test/check, verification.  In the model step, the teacher presents information; e.g., the verbal definition of a concept or the routine for solving a kind of algebra problem.

Model, Lead, Test/check, Verification.  This procedure is the core of focused, explicit, direct instruction.  The teacher presents information, leads students through the information, immediately has students use the information on their own to see if they learned it, and then verifies for students that they were correct.


“This letter (points to letter a) makes the sound aaa.” [Model]


“Say it with me. (Points to letter a).”   aaa.  [Lead]


“Your turn.  What sound?” (points to letter a).  aaa. [Test/check]


“Yes, aaa.”  [Verification]

NAEP.  National Assessment of Educational Progress. 

Nonexamples.  Non examples are instances of any thing or event that is not an example of a verbal association, concept, rule-relationship, or cognitive routine under consideration.  If a teacher is working on the concept---on---any instance of position that is NOT on is a NONexample of on.  Likewise, memorizing irregular (irregulary-pronounced) words (such as was, said) is a NONexample of the routine for sounding out regular words (wax, sad).  By juxtaposing an example and nonexample that are the same except for the feature that makes the difference (wax/was; sad/said), it is easier for students to see the difference and therefore to learn the defining features of the examples.  [See Examples.]

Objectives.  [See Instructional objectives.] 
Outcome assessment.  Outcome assessment is assessment of how much progress students have made (usually with respect to a criterion or benchmark) from the beginning to the end of instruction.

Part.  See Elements.

Part firming.  Part-firming is a remedial procedure that is used when students have not made a simple mistake (for which simple error correction is likely to be enough) but are weak on knowledge that is needed across many examples; e.g., letter-sound correspondence, or the conjugation of a type of verb.

Peer tutoring.  This is a form of tutoring in which a more skilled peer helps a less-skilled peer.  Procedures for focused, explicit instruction are generally used.

Phases of learning, or Phases of Mastery.  The phases of learning are acquisition of new knowledge; generalization of knowledge to new examples and materials; fluent use of knowledge; integration of knowledge elements into larger wholes; retention if knowledge.


1.  Acquisition of knowledge.  This is initial instruction of NEW knowledge.  Students “get it.”  They solve the problems, define the concepts (granite, basalt, sandstone), use the concepts to identify examples, decode (sound out) words, read sentences, conduct chemistry experiments.  Teachers use a set of examples (acquisition set) to teach how to solve the problems, or what a word (granite) means (its definition), or how to conduct experiments.  The object when working on acquisition of new knowledge is accuracy. You’d like to see all of your students eventually (with error correction and reteaching) be 100% correct.  

2. Generalization of knowledge.  Students USE knowledge they acquired earlier to handle new examples.  Teach and test generalization using a generalization set of examples that are LIKE the acquisition set of examples. 


3.  Fluency, or fluent use of knowledge.  Fluency is a combination of accuracy, speed, and good form (smoothness).  Teachers use a fluency set of examples to build students’ fluency.  The fluency set might be made from the acquisition and generalization sets.

4.  Retention of knowledge.  Retention means that students are still accurate and quick at using earlier taught knowledge even though tine has gone by since initial (acquisition) instruction, and even though in between they may have learned new knowledge that might interfere with what they learned before.  Teachers work on retention in three ways: review, review, and more review---at the beginning, middle, and end of lessons; every fee lessons; every 5 or 10 lessons.  Retention after 5 or 10 lessons is assessed with mastery tests.

5.  Integration (or Strategic integration) of knowledge.  Miss Rodriguez does NOT teach students history facts JUST so that students can repeat them accurately and fast.  She does not teach a theory of revolution JUST to students can restate it accurately and fast.  And she does NOT teach concepts such as monarchy, republic, and rights, JUST so students will say the definitions accurately and fast. No, she teaches all of this knowledge so that students will INTEGRATE it into a big picture of the American Revolution.  She will have them write an essay using all that she taught.

“Develop a timeline of events leading to and during the Revolution. Include dates, places, persons, and groups.  Show how the timelines maps onto our theory of revolution.”

She will also have students discuss their essays, compare and contrast them, and revise to fill in gaps.

In other words, Miss Rodriguez teaches both: (1) knowledge elements (facts, concepts, theories); and (2) how to organize or integrate knowledge elements into something larger---descriptions, explanations, arguments in favor of a conclusion.

                                                                                 Summary of Phases of Mastery

	
	Acquisition of Facts, Concepts, Rule-relationships, and Routines.
	Generalization of Facts, Concepts, Rule-relationships, and Routines to New Examples
	Fluent Performance of Facts, Concepts, Rule-relationships, and Routines.


	Integration of Knowledge Elements into Larger Wholes, Usually Routines, such as: descriptions, solutions, explanations, logical arguments.
	Retention of Facts, Concepts, Rule-relationships, and Routines.

	Definition
	The student learns a new fact, concept, rule-relationship, or cognitive routine from the acquisition set (Kame’enui and Simmons, 1990) of examples and perhaps contrasting nonexamples presented and described.  

With concepts, rules, and routines, the “learning mechanism” (Engelmann and Carnine, 1991) performs a sequence of logical operations (inductive reasoning) on the examples and nonexamples, and induces (figures out) a generalization that summarizes how the examples are the same and how the nonexamples are different from the examples.
	The accurate application or transfer of knowledge to new examples---called a generalization set (Kame’enui and Simmons, 1990.

The acquisition of knowledge involves inducing (figuring out) a generalization that summarizes the sameness across examples and how nonexamples differ from the examples.

Generalization involves deductive inference from the generalization learned during acquisition.  For instance, the learning mechanism performs at least the following 3 logical operations.

1.  [I learned that....] “All political systems in which the state (government) is considered a public matter, and in which political offices are elected, are (in the category of) republics.” (A concept definition inferred from examples and nonexamples of republics.)

2.  Flerpazonia (a new instance to be judged.) is a political system in which the state (government) is considered a public matter, and in which political offices are elected.  

3.  Therefore, Flerpazonia is a (in the category of) republics.  (Conclusion: deductive inference drawn from the general definition and the new instance.)


	Accurate, rapid, smooth (nearly automatic) performance. 

Thinking (self-talk) and other instructions (e.g., written) that were used to guide performance during the phases of acquisition and generalization (e.g., “Okay, first I look at these examples and compare them…”) are “covertized”---hardly noticed if used at all.
	The student now performs in sequences (routines) elemental (part) knowledge that was taught earlier. For instance, the student:

1.  Arranges facts about 
volcanoes to form a   description. “Volcanoes 
have the following 
features….”

2. Sounds out words, 
using elemental  knowledge of left ( right, sounds that go with letters, saying sounds in a word fast (blending) and saying sounds in a word slowly (segmenting).


See run, say rrrruuunnn…run.

3.  Writes an essay on the poem, The Chimney Sweeper, by William Blake, using elemental knowledge of facts on Romantic poetry, facts on England in the 19th century, rhyme, figures of speech, and symbolism.

4.  Uses elemental (part) knowledge of place value, multiplication facts, renaming, addition, and numerals that go with numbers (quantities), to perform the routine of multiplication with 2-digit numbers.

Use knowledge analysis to determine the elements of a more complex routine.  What do have to know---what do you DO---when you sound out a word, write a cogent and informative essay on The Chimney Sweeper, calculate the slope and intercept from a table of X/Y values?
	Knowledge gained from instruction during acquisition, generalization, fluency building, and integration remains firm (accurate and fluent) despite the passage of time and despite acquiring new and possibly interfering knowledge.

	Relevant Instructional Objectives or Aims
	Accuracy.  100% correct.
	When presented with a generalization set (new but similar examples) students respond accurately and quickly.
	Accuracy plus speed (rate), usually with respect to a benchmark.
	Accuracy and fluency:  all elements are performed proficiently, at the right spot in the routine sequence (that is, in the right order).
	When presented with a retention set (a sample of items worked on during instruction on acquisition, or generalization, or fluency building, or integration), students respond accurately, quickly, and smoothly.  

	Relevant Instructional

Procedures
	Explicit, focused instruction:

1.  Clear and concrete objective.

2. Gain attention.

3.  Frame instruction: 
state what is to be 
learned, and the 

objectives.

4.  Model 
(demonstrate, 
explain) examples.

“This is red.”  “Here’s how to sound out this word.”  “Here’s the definition of republic.”

5.  If needed, lead students to imitate  the model.

6. Test/check to 
ensure students 
can do the model.

7.  Present more 
examples, and 
juxtapose several     
nonexamples with 
examples.

“This is red. This is NOT red.”

8. Test all examples 
and nonexamples 
used.  

“Now let’s sound out all our words.”

“I’ll give you examples.  You say if they are republics or not republics, and how you know.”

9.  Correct every error.

10.  At the end of the 
lesson, review all      
earlier and newly-
taught knowledge.


	1. Review and firm up knowledge to be generalized.

2. Use a generalization set (new examples) that are similar to earlier examples that students learned.

3. Model how to examine new examples to determine if they are the same kind as earlier-taught examples, and therefore can be treated the same way.

4. Assure students they can do it.

5. Provide reminders of rules and definitions.

6. Correct errors, and reteach as needed.
	1.  Model fluent 
performance.

“I’ll show you how to read this sentence that fast way.”

2.  Provide special cues; 
e.g., for tempo.

3.  Have students perform the fluency 
set (e.g., sentences, 
passages, problems) several times (practice).  

4.  Correct all errors and firm up or reteach 
weak elements.

“Let’s practice single-digit multiplication for a few minutes.  Then we’ll go back to 2-digit problems.”

5.  Speed drills (practice).  Students work towards objectives, such as 90 words read correctly per minute.

6.  Work on fluency 
should at first be with 

familiar materials— text to read, math 
problems to solve.  
     

Why?  If you use NEW examples, you are really working on generalization.  Therefore, if students do poorly on fluency assessments, you won’t know if they just can’t generalize or whether they were never firm to begin with.
	1. Review, firm up, or reteach knowledge 
elements needed for the 
routine---as determined 
from knowledge analysis.

2. If the sequence has few  elements and steps, 

    a.  Model the performance once or twice so that students see what the whole looks 
like(model). 


    b.  Have students perform the modeled sequence with you until they are firm (lead); and then 


    c.  Have students perform the modeled sequence  on their own.  Correct errors or reteach weak elements or steps.

 3.  If the sequence has more than a few elements and steps, 
      a.  Model the performance once or 
twice so that students  see what the whole 

looks like.


      b. Model the 
performance again but  have students perform  only a small part of it 

(e.g., one step).  Repeat until they are firm.


     c. Repeat step b with

students performing 
more and more of the 
sequence on their own with the same and then with new examples.
	1. Every day, before each lesson on a particular subject, review (assess) a sample of what you have already worked on in that subject.  

2. Separate instruction on items that may be confusing; e.g., simile and metaphor.

3. Provide written routines or diagrams that students can use to guide and check themselves

	Pre-instruction assessment
	Assess pre-skills or background knowledge elements essential to the new material.  Determine elements through knowledge analysis.

Firm or reteach as needed.
	Review/test knowledge you want students to generalize.
	Measure rate (correct and errors) before instruction on fluency
	Review and firm up or reteach knowledge elements.
	Review/test knowledge you want students to retain. This would probably be the most current delayed acquisition test—after a lesson or unit.

	During-instruction, or progress-monitoring assessment
	Immediate acquisition test/check after the model (“This letter makes the sound ffff”) and the lead (“Say it with me.”). 

The immediate acquisition test/check is, for example, “Your turn. (What sound?” “Is this granite?”  “Now, you solve the problem.”) 
	Add new examples to the growing  generalization set. Have students work them.
	Frequent (e.g., daily) measure of rate (correct and errors) during instruction on fluency, in relation to a fluency aim or benchmark
	Pay close attention to:

1.  The proficiency and of     
each knowledge element 
and step performed in the routine.  Correct?  
Smoothly done (no gaps 
or false starts)?


“In long division, I will notice the accuracy of estimation, division, multiplication, writing correct numerals, writing correct numerals in the correct spaces, subtraction, performance of the proper next step.”

You may have to firm or reteach certain knowledge elements or steps.

You may have to provide additional scaffolding, such as written reminders or models.

2. Persistence of attention and effort through the routine.

You may have to build fluency with certain elements or steps so that performance of the whole routine is easier.


	Add examples from the most recent lessons and rotate examples from earlier lessons, to form a retention set.  

Do this every time to assess retention.

	Post-instruction, or outcome assessment
	Delayed acquisition test using all of the new material.  

“Let’s read all our new words. First word.  What word?...Next word. What word?”  

Or, “Is this an example of tyranny? [Yes]  How do you know?... Is this an example of a republic? [No]  How do you know?”


	If students have responded accurately to past generalization sets, the latest one given is the outcome assessment.
	Rate (correct and errors) at the end of instruction on fluency, in relation to a fluency aim or benchmark.
	1.  The number of examples of newly taught routines performed proficiently---accurately and quickly.

2.  A list of knowledge elements and steps that require firming or reteaching.
	If students have responded accurately to past retention sets, the latest one given is the outcome

assessment.

Use information to firm up or reteach.


Engelmann, S., and Carnine, D. (1991). Theory of Instruction: Principles and Applications. Association for Direct Instruction Press.

Kame’enui, E. J. and Simmons, D. C. (1990).  Designing Instructional Strategies: The Prevention of Academic Learning Problems.  Prentice-Hall.
Plot data on a graph.  A graph or chart usually has two lines: one for each of two variables.  For example, the bottom line (across) might be time in years (1 year old, 2 years old, etc.)  And the up line might be weight in pounds.
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|___|___|___|___|___|___|___|___|___|___|___

                           1     2     3     4     5     6     7     8     9     10

                                           Age

You have a sample of children of different ages.  You know each child’s age and weight.  To plot data on each child, you find the child’s age on the across line (say, 2 years) and then move up to until you get to weight (say, 30 pounds).  You put a dot of some kind at the spot that shows 2 years/30 pounds.

Pool.  A pool is the set of persons, classrooms, schools, districts, states, nations from which you draw a sample.  The pool may not be the entire population. 

Population.  A population is the total set of persons, classrooms, schools, districts, states, nations that have characteristics that you wish to measure.  For example, the population of all students who received a new reading curriculum for one year.

Post-instruction (or Outcome) assessment.  See Outcome assessment.

Post-test only design.  This is an experimental design in which no pre-test is given.  If there is no comparison group, it is largely useless as a way to determine effectiveness, because you have no way to tell where a group began.  However, if you have equivalent experimental and control groups, it may be assumed (very tentatively) that their pre-test scores were probably similar.  Therefore, if the experimental group’s outcome scores are significantly different from the control group’s outcomes scores, there is reason to suspect (but not to be convinced) that the intervention made the difference.

Pre-corrections.  Pre-corrections are usually statements made to prevent errors.  They are often reminders of rules or actions.  “Remember, if o comes before a, say oh and not aaa.”

Pre-instruction assessment.  This kind of assessment is used before instruction begins to determine: (1) whether students have the required pre-skills (and therefore instruction can or cannot go forward); (2) students’ entry level skills regarding the objective at hand, so that progress (from that starting point) can be measured.

Pre-skills, or knowledge elements, or background knowledge.  These are skills that are required ij order to learn or to use other skills.  For example, you cannot sound out words (run (  rrrruuuunnn) unless you know the sounds that go with the letters.  Therefore, knowledge of letter-sound correspondence is a pre-skill for sounding out words.  And therefore, letter-sound correspondence must be taught before the routine for sounding out. 

Likewise, concepts (the meaning of vocabulary words) are a pre-skill knowledge element for making sense of (1) instruction (what the teacher is talking about when she uses the words, “equal,” “ones column,” and “define your terms”); and (2) text (e.g., “colony,” “monarchy,” “Parliament”).  As with skill elements in reading and math, the teacher must pre-teach and review (to firm up) the definitions of words (concepts) BEFORE these words are used in instruction or students read them in text.

Toolskills are a kind of knowledge that is needed to learn NOT a new skill, but a whole subject matter, content knowledge, or knowledge system. For example, (1) reading is a tool skill for every other knowledge system, such as math, history, and biology; (2) math is a tool skill for all sciences; (3) language and logic are tool skills for all other knowledge system.  Therefore, these tool skills must be taught before a curriculum starts on knowledge systems that require these tool skills.  Hence, the importance of intensive instruction of these skills in pre-k and early grades with disadvantaged students, who otherwise will learn little.
Pre-teach.

Pre-test, post-test design.  This is a kind of experiment in which data are taken (for example, on students’ math skill) before and at the end of an “intervention,” a teaching method is used, or a change is made in class.  If nothing else changed between the pre-test and post-test (except the delivery of instruction), then it is likely that any increase in students’ knowledge (shown by comparing the pre-test scores and post-test score) is the result of instruction.


A pre-test, post-test design with one group is not as powerful as a pre-test, post-test design that uses an experimental group and control group.  If you have only one group, other factors COULD have operated between the pre-test and the post-test that affected post-test scores.  For example, some children got tutoring, and that made their scores higher.  If the researcher concludes that the class scores were higher at the post-test BECAUSE of the new math curriculum, this claim would be Invalid.


The experimental design that has an experimental and control group means that any OTHER changes in the groups between the pre-test and the post-test (e.g., tutoring) could have happened to both groups. Therefore, the ONE main difference is STILL the difference in curriculum.

Programs.
Progress monitoring assessment.  This kind of assessment is made at frequent intervals---sometimes daily---to measure progress from the entry skill levels and towards a benchmark.

Progress monitoring is a kind of assessment that is done frequently (for instance, every 5 or 10 lessons or days) to see whether and how much students are learning in relation to a benchmark, or short-term objective.  For example, one benchmark in a beginning reading program might be:

By the end of lesson 50, students will read accurately (no more than one error in 20 words) and quickly (30 words read correctly per minute) the following list of words.
am, ma, it, sit, fits, sam, ran, tan, tin, me, the, met, is, said, fun, cat, rat, coat, boat, boats, old, cow, hit, him, man, meet, read, seed, mat, I, can, he, she, and, him, this, that, they, eat, hand, ear, near, red, rest, fed…


Why do you need a benchmark?  It tells you whether students are learning fast and accurately enough.  Without a benchmark, simply knowing how many words the students got right doesn’t tell you what to do. 

Information from progress monitoring tells you: (1) what kinds of errors students and the group make, and there what they haven’t learned or learned solidly; (2) what knowledge you need to review and firm up; (3) what knowledge is so weak that you have to reteach it; (4) which students learn so little or forget so quickly that they may need a different kind of instruction.  See Intensive instruction.  (5) whether your own teaching methods need to be improved (for instance, maybe students don’t retain what they learned because you don’t review often enough.); and (6) whether the curriculum and the materials need to be improved.  For instance, maybe students learned little of long division because the curriculum or the materials did not FIRST work enough on the knowledge elements of long division, such as estimation (what is 12 into 37?) and multiplication.

Prompt.  Prompts are a kind of scaffolding used to direct students’ attention; promote a certain kind of response; or highlight important features of the situation.  Prompts can be auditory (e.g., the teacher claps to establish tempo in reading); verbal (e.g., reminders, or saying important words louder); visual (e.g., a diagram that serves as a reminder).

Propositions.  See Rules.
Purposive sample.  If you use simple random sampling, you may not obtain in your sample persons, groups, classrooms, schools, etc., that have characteristics that are relatively rare.  Therefore, you would purposively sample (find) persons, groups, etc., for your sample.

Qualitative data.  Qualitative data are opinions, perceptions, interpretations.  They are answers to questions such as, “How would you describe your students’ effort overall?”  Qualitative data help to complete the picture provided by numbers---quantitative data.  Because they are so subjective, qualitative data should not be used to judge the effectiveness of a curriculum or teaching method---any more than feeling a person’s arm should be used to measure blood pressure.

Quantitative data.  Numerical data, such as scores on tests, percentile rank, percentage of students who are graduated from high school.  Quantitative data provide more precision than qualitative data.

Randomization, or random allocation.  This is a second way, besides matching, to try to make experimental and control groups equivalent.  If you have a “pool” of 50 students, you randomly assign them to the two groups.  This means that all factors (ethnicity, social class, family support, background knowledge, age, sex) have an equal chance of being in either group.

Range.  Range means the spread of scores from lowest to highest.  For example, a group of persons ran as far as they could.  The shortest distance run was 1 mile.  The longest distance was 40 miles.  So the range is from 1 to 40 miles.  It doesn’t matter if only one person ran 40 miles or if five persons did.  Range is not interested in how many.  It is only interested in the spread.

Reinforcer.  A reinforcer is an event that comes after a behavior (it is a consequence), and as a result there is a change in the frequency of the behavior.

Reinforcement.  Reinforcement is a contingency or arrangement is which a particular behavior is followed by a reinforcing event.

Reliability.  Reliability means repeatability.  If two different observers or testers obtain the same scores on the same thing, then the scores are reliable.  If the findings from the same research conducted with different persons or schools are much the same, then the findings are reliable and the instruction that produced the same findings (e.g., student achievement) is said to have reliable effects.

Remedial instruction.  Remedial instruction is used when students need extensive reteaching, or need a different form of instruction; e.g., with more scaffolding.

Replication.  Replication means that the research is conducted again and again with the SAME samples, to see if the results (e.g., of a new curriculum) are reliable.  If so, then it is NOT likely that the results of the first study were a fluke of some kind.  Replication also means that the same research is conducted with DIFFERENT samples.   This enables researchers to find out if an “intervention” (e.g., curriculum, teaching method, classroom routine) works better in certain situations.  It is a way to determine the GENERLIZABILITY of findings.  

Research-based.

Reteaching.  Reteaching is a form of remediation used when prior instruction was inadequate—leaving students with knowledge gaps that will prevent successful achievement.

 The information is then used to decide: (1) 

Retention of knowledge.  Retention is a phase of mastery that involves continued proficiency in earlier-taught skills. See Phases of mastery.

Retention set.  A retention set is a set of examples used to strengthen and/or assess retention. The set should include knowledge taught earlier and more recently.  

Retest.

Rules, Rule-relationships, or Propositions.  A from of knowledge---of the connection not between single things and names (verbal associations), but sets of things; e.g., the connection between pressure and temperature.

Sameness principle.  A design principle for teaching that a set of examples are the same (concept, rule-relationship, cognitive routine).  It involves juxtaposing examples that differ in inessential ways but are the same in essential ways.

Scaffolding.  Scaffolding to Ensure Mastery


a.
Big ideas. 


b.
Lesson organization.


c.
Forms of instruction.



(1) model-lead-test



(2) Socratic 



(3) cooperative/group



(4) peer tutoring


d.
Advance organizers.


e.
Pacing.

Scaffolding is most of what teachers do to ensure that students learn general ideas from examples.  For instance, teaching a complex behavior by first teaching every part; adding prompts; modeling information; leading students through the information.

Scientific reasoning.  The use of objective data to test beliefs and draw conclusions about the truth or accuracy of the beliefs.  OBJECTIVE EVIDENCE, not on opinions or beliefs.  Generally, instances (e.g., groups, schools) that have one feature are compared and contrasted with otherwise similar instances that do NOT have the feature.  Data are collected to see if there are any OTHER differences that can account for the main one.  For example, one group of persons with arthritis is given a new drug.  Another group that is similar in age, onset of arthritis, and severity of arthritis is NOT given the new drug.  If the group that got the drug (experimental group) improves significantly, and the other group (the control group) that did NOT get the drug does NOT improve much, then drug is the likely reason, or cause of the difference in improvement.

Scope and Sequence (Charts).  These are visual displays of the different strands (main kinds of knowledge taught) in a curriculum.  Specific units are arranged along each strand from earliest to last taught.  Therefore, the scope and sequence chart shows what is taught and when it is taught.

Below is a scope and sequence chart.  It tells what (knowledge) is taught, and the sequence in which it is taught.  The scope and sequence chart below shows what knowledge the curriculum teaches and the order in which it teaches the knowledge.

Notice several things about this scope and sequence chart.

1.
Each skill in the curriculum is called a strand.  Notice that the Phonemic Awareness strand has four smaller strands. They are slightly different skills (they show different knowledge) but they are all about the same thing---hearing the separate words in sentences and the syllables and sounds in words.

2.
The scope and sequence chart shows when instruction starts and when it ends for each strand.  For example, teaching students how to pronounce different sounds (a, m, r, i) and combinations (sh, fl, ing) starts at lesson 1 and ends at lesson 80.  Counting and saying words in sentences starts at lesson 5 and ends at lesson 10.  Please see where other skill strands begin and end.


Why are some strands longer than others?  Or, why does the curriculum spend as many lessons as it does on each skill strand?  The answer is: That’s how long it takes: (1) to cover all parts of the skill (for instance, the 50 or so letter-sound relationships that there are; and all the new words students need to know how to sound out); and (2) for students to have enough practice to be firm on the skill.  

3. The skills/knowledge are introduced in a sequence.  For example, sounding out words begins a little bit after letter-sound correspondence.  Why?  Because students must know a few letter-sounds (m, a, t) in order to read words such as ma, am, at, and mat.  Also, reading sentences starts after sounding out words.  Why?  Because you must first know how to read words (pre-skill) in order to read sentences---that are made of words. 

There are guidelines for making curriculum sequences.  One guideline is, Teach pre-skills (elements) before you teach skills (compounds) that require the pre-skills.  Kids can’t learn to sound out words until they know the sounds that go with the letters and know how to pronounce the sounds---because you use knowledge of the sounds that go with letters and how to pronounce the sounds in order to sound out words.  So, notice on the scope and sequence chart that the sounding out words strand begins right after students have learned some letter-sounds (enough letter sounds to make up words).



Another rule is, Teach the most general (most often used) examples before you teach less often used examples.  For example, you would teach frequent letter-sounds such as a, m, and s before you would teach the less frequent letter-sounds z, x, and j.

4.
Notice that some skills are taught at the same time---during the same lessons.  See the vertical line at lesson 20.  Notice the strands it crosses.  This means that lesson 20 has a number of smaller instructional tasks.  Which skills does the teacher work on in lesson 20?  [Hint: One of them is learning to say the first, last, and middle sound in words.]

Example of Scope and Sequence Chart for Beginning Reading

                                                               Lessons

 Strands                                  1     10     20     30     40     50     50     60     70     80   

1.  Phonemic awareness

     Pronounce sounds               __________________________________________

     Count/say words in sentences  ___
     Count/say sounds in words         _____
     Say first, last, middle                    _______
        sound in words

     Blend sounds into words                    _________
2.  Alphabetic principle

     Letter-sound correspond     __________________________________________
        dence                              m s a  e t r
     Sounding out words                  _______________________________________                      

                                                   amem met 

                                                   ma me  at

                                                   sa  es et                                                         
                                                               mat

                                                                rat

     Reading sentences                             __________________________________
                                                              see me
                                                              see a rat
                                                              a rat sat           

3.  Fluency                              

                                     Say sounds fast __________________________________
                                          Say letter-sounds ______________________________
                                         (see m, say mmm) quickly

                                                Sound out words ____________________________
                                                fast

                                                      Read sentences __________________________
                                                      fast

4.  Vocabulary  [words in stories made from sentences taught] ________________

                                                      rat

                                                       ram
                                                         seed

                                                           sack

                                                           rock

                                                              ant

5.  Comprehension                             

                                       Repeat sentence __________________________

                                             Identify subject and predicate _____________

                                                   State sequences of events _____________

                                                           Find and state explanations of ______
                                                                 things that happen

Socratic dialogue.  Socratic dialogue is a method of questioning that teaches students to examine and improve their beliefs, and the reasoning process by which they arrived at beliefs; e.g., the definitions they use, the evidence and counter-evidence, the conclusions that they draw.

Sounding out, Decoding.  The cognitive routine by which persons use knowledge of letter-sound correspondence to read and blend sounds into recognizable words.

Speed drills.  Short sessions (e.g., 1 to 5 minutes) in which students work a set of problems (e.g., math, decoding words) to build fluency---accuracy and speed.  Often, students chart their rate (e.g., correct responses per minute) as they work towards a fluency aim or benchmark, such as 5 correct answers per minute.

Standard.  A general statement of what students should be able to do.  For example, “All students should by the end of grade two read grade-level appropriate connected text (sentences) at approximately 120 words correctly per minute.”

Standard course of study
Standardized tests.  (a) Everyone does the same thing, such as solves the same math problems, defines the same concepts, reads and answers questions about the same passage; (b) the instrument is known to give accurate---valid---information; (c) the test is given and is scored the same way---it is standardized.  However, standardized tests may not measure (assess) the same material that was taught.  For example, the math textbook is Mrs. Justice’s class teaches students to solve 50 different long division problems, but the standardized tests has diffefent long division problems.  So, the test is NOT directly measuring what students learned from Mrs. Justice.  It is measuring how well they can generalize from what they learned from Mrs. Justice.  The assumption is that if students were taught well, and learned, they should do well with (be able to generalize their knowledge to)  the new material.  But this is not necessarily so.  The test items may be very different from the knowledge items that students learned. For example, they may be much harder (making it look—wrongly-- like the students didn’t learn much) or easier (making it look like the students learned more than they really did).  Also, the test may use a lot of word problems.  These may be worded in a way that is hard for student to understand because Mrs. Justice’s word problems were worded more clearly. In other words, standardized tests may not give an accurate picture of what students learned, can generalize, or have retained, because these tests do not directly measure what was taught. 

Stipulation and stipulation error.  Stipulation is the message communicated by examples.  For instance, if a teacher uses only dark blue to teach the concept blue (“This is blue.  And this is blue”), then the examples stipulate (communicate) that “blue” refers only to the dark examples.  When the student applies this “undergeneralization” (“under” because it applies to too FEW examples of blue) to lighter blue, the student will call them “not blue.”  This would be a stipulation error.

Strand.  A strand is a set of knowledge units of a certain kind (e.g., words to decode, addition problems, poems to read) arranged in a sequence in which they will be taught; usually from easier to harder; from elementary skills to more complex skills composed of the elementary skills; general to exceptions; more frequently used to less frequently used.

Strategic integration.  A design principle in which elementary (part) skills are assembled into longer or more complex whole.  For example, a curriculum sequence is designed so that students assemble number writing, counting, addition, and multiplication facts into the cognitive routine for multiplying two-digit numbers.

Structured observation.  The observer: (1) has already decided what she is looking at or looking for; (2) uses a procedure for collecting information; (3) uses rules or criteria to determine the instructional implications of the information she collects; e.g., students are learning well, students are making too many errors of a certain kind, some kids need more intensive instructin.  Structured observation includes:
1.
Standardized tests.  All students are given the same number of, for instance, math problems to solve. Information is collected on bubble sheets.  Observers determine the percentage of correct answers.  Observers rate the percentage as high (90-100% correct); satisfactory (70-90% correct); and failing (69% or lower correct).
2.
Curriculum-based measures.  For example, the teacher takes a sample from the 
curriculum materials being used (programs, textbooks).

a.  Students individually read passages of text out loud, and teacher 

determines the number of words read correctly per minute (fluency assessment).

b.
Students solve a set of new long division problems that are like the ones they 
learned earlier; teacher determines the 
percentage of correct answers, and notes 
weak knowledge elements (e.g., multiplication) that may need to be retaught.
3.
Lesson review.  

a.
At the beginning of a daily lesson, the teacher asks questions or has students solve 
problems worked on the previous lessons to determine how much students 

retained and what needs to be retaught before new material is presented during 
the lesson.

b.
At the end of a daily lesson, the teacher asks questions or has students solve 
problems worked during that lesson to determine how much 
students retained and 
what needs to be retaught before the next lesson.

4.
Task assessment.  During a lesson, every time the teacher teaches something new, he checks or tests to see if students GOT it.  For example, the teacher gives the definition of monarchy, and asks students to repeat that definition; or the teacher shows students how to plot data points on a chart, and asks students to plot those same data points.  The teacher uses this information to decide if the knowledge needs to be retaught or if new material can be presented.
See Assessment.
Subgroup: analysis by.

Systematic instruction.  This is instruction in which sequences of instruction, examples and nonexamples, teaching procedures, assessment, review and practice are all planned ahead of time, and all are based on experimental research.

Tasks.

Task analysis.  An analysis of a performance into its component skills so that the teacher can determine what is new to teach, what pre-skills must be firmed up, and what to assess.  See Knowledge analysis.
Terminal objective.  See Instructional objectives.

Terminal performance

Test  2 meanings

Testing Principle.  A principle of assessment.  Test items should bear no relationship to one another.  If they DO bear a relationship to one another, one item may cue the student’s answer to other questions.  “They are all animals so far.  So the next one is probably an animal.”

Test/check.  A step in the General Procedure for Teaching in which the teacher tests immediately to see whether students learned what she just taught.  A kind of progress-monitoring assessment.

Textbooks.
Tools skills (large pre-skills)  See Content knowledge.

Trend.  On a graph, a trend means that there is regular change.  The graph below shows data for 21 persons---21 data points.  We know the shoe size of each person, and we know how many books each person read last year.  
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Is there a trend here?  For example, is it the case that the larger the shoe size the more (or less) books a person reads?  NO.  Persons with a size 1 shoe read 20 and 25 books.  But persons with a size 10 shoe ALSO read 20 and 25 books.


Here’s another graph.
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Words a Person Reads Correctly Per Minute

It shows data for 21 teenagers.  We know two things about each person:  how many books they read last year and how many words they read correctly per minute (reading fluency).  So, if you look at the bottom left corner, it PLOTS the data for one person.  He reads 20 correct words per minute (very slow) and he read 2 books in a year.  


Now look at the right side of the graph.  Two persons read at a rate of 200 correct words per minute; one read 12 books and the other read 14 books. 


Do you see a trend?  For example, does the number of books per year change as the fluency increases?  Yes.

        Books read per year     
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The best fit line does NOT connect the plotted data points.  It cuts through them so that there are about as many above it as below it.

Triangulation.  Using multiple measures of the same thing (variable).  If different kinds of data (e.g., questionnaire, test scores, classroom observations) all say the same thing (e.g., the teacher is competent), then the finding is likely to be more valid (accurate, representative of the facts) than only one source of data.

Units.

Validity.  Validity generally means that statements accurately represent what IS: the facts.  There are several uses of the word validity in research.

· The extent to which an instrument or single measure in fact measures what it says it measures.  For example, how a child holds a book is not a measure of (is not an example of) reading.  But how many words a child accurately reads per minute is ONE measure (example of) reading.  This kind of validity hinges on definitions.

· Validity is also the extent to which findings accurately represent what in fact happened.  For example, if a researcher reported that the average number of correct answers on a test was 75, but in fact the average was 65, the finding is not valid.  This kind of validity hinges on accurate measurement and reporting.

· Validity is also the extent to which claims are supported by hard evidence.  For example, if a writer says that teachers should adapt instruction to students’ learning styles, and in fact there is no experimental evidence, or no credible (believable) experimental evidence to support this claim (more than the opposite claim---that it makes little difference if teachers adapt instruction to students’ learning styles), then the claims are not valid.  This kind of validity hinges on all aspects of research: definitions of variables (what is a learning style? How do you know a person has a certain learning style?); and how you tested the HYPOTHESIS that adapting instruction to students’ learning styles makes a difference.

   Ext and int

Verification.  A step in the General Procedure for Teaching in which the teacher responds to a correct response by restating the correct response.  For example, “Yes, carbon has eight electrons.”

Wholes.

Wording Principle.  A principle of effective and efficient communication.  Use the same wording to teach similar knowledge.

attention, persistence, achievement motivation, and more.
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