
    

The Science of EducationThe Science of Education

Clay M. StarlinClay M. Starlin

2121stst Annual International  Annual International 
Precision Teaching  ConferencePrecision Teaching  Conference

Rutgers UniversityRutgers University
November 8, 2008November 8, 2008



    

AccountabilityAccountability

 Should we be accountable in education?Should we be accountable in education?



    

AcAccountcountabilityability

to count, to measureto count, to measure



    

AcAccountcountabilityability

to count, to measureto count, to measure

Educational accountability Educational accountability 
means to measure, to be means to measure, to be 
scientificscientific..



    

NCLBNCLB

The No Child Left Behind (NCLB) federal The No Child Left Behind (NCLB) federal 
legislation uses the term “scientific/research legislation uses the term “scientific/research 
based” 111 times in emphasizing the need based” 111 times in emphasizing the need 
for educational practice to  become more for educational practice to  become more 
scientific (aka: accountable, evidenced scientific (aka: accountable, evidenced 
based).  based).  
However, the educational community does However, the educational community does 
not agree on what it means to be scientific.not agree on what it means to be scientific.



    

ScienceScience

Purpose of Science:  to discern Purpose of Science:  to discern knowledgeknowledge by  by 
distinguishing truth from falsehood.distinguishing truth from falsehood.
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Standardization of a Precise Measurement System is the Standardization of a Precise Measurement System is the 
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ScienceScience
Purpose of Science:  to discern knowledge by distinguishing Purpose of Science:  to discern knowledge by distinguishing 

truth from falsehood.truth from falsehood.

Effective Science Involves Two Major ComponentsEffective Science Involves Two Major Components
• • Precise MeasurementPrecise Measurement
• • Robust Research MethodologyRobust Research Methodology

Standardization of a Precise Measurement System is Standardization of a Precise Measurement System is 
Foundational to the Establishment of a Scientific DisciplineFoundational to the Establishment of a Scientific Discipline  

Components of Precise MeasurementComponents of Precise Measurement
1. 1. Precisely Describe Phenomenon (e.g behavior) to Observe - PinpointPrecisely Describe Phenomenon (e.g behavior) to Observe - Pinpoint
2. Accurately Record Significant Dimensions of Phenomenon  - Record2. Accurately Record Significant Dimensions of Phenomenon  - Record
3. Display Data to Facilitate Accurate Conclusions/Decisions   - Chart3. Display Data to Facilitate Accurate Conclusions/Decisions   - Chart



    

PinpointingPinpointing
(Precise Description)(Precise Description)



    

PinpointingPinpointing
(Precise Description)(Precise Description)

  specify a behavior so that when ONEspecify a behavior so that when ONE
instance occurs, we can count it reliably.instance occurs, we can count it reliably.

after Johnafter John  EshlemanEshleman



    

PinpointingPinpointing
(Precise Description)(Precise Description)

specify a behavior so that when ONE specify a behavior so that when ONE 
instance occurs, we can count it reliably.instance occurs, we can count it reliably.

        identifies ONE “movement cycle identifies ONE “movement cycle 
(MC)” (i.e. It has a start time, a do time, (MC)” (i.e. It has a start time, a do time, 
and a stop time.)and a stop time.)

                              after Johnafter John  EshlemanEshleman



    

PinpointingPinpointing
  Writing Precise Writing Precise Performance ObjectivesPerformance Objectives

1.  Specify Behavior to Count1.  Specify Behavior to Count
• • specify count unit, attend to calibrationspecify count unit, attend to calibration
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PinpointingPinpointing
  Writing Precise Writing Precise Performance ObjectivesPerformance Objectives

1.  Specify Behavior to Count1.  Specify Behavior to Count
• • specify count unit, attend to calibrationspecify count unit, attend to calibration
• • use channel language (e.g. SeeSays word, HearWrites word)use channel language (e.g. SeeSays word, HearWrites word)

2.  Specify Conditions2.  Specify Conditions
(e.g. curriculum, setting, etc.)(e.g. curriculum, setting, etc.)

3.  Specify Frequency Based Mastery Criteria3.  Specify Frequency Based Mastery Criteria
• • Numeric Criteria (No Numbers Numeric Criteria (No Numbers ➜➜ No Performance Objective) No Performance Objective)
• • Wrong Numbers Wrong Numbers ➜➜ Imprecise Objective (e.g. % correct) Imprecise Objective (e.g. % correct)
• • Criteria Result in Desired Outcomes:  Criteria Result in Desired Outcomes:  RRetention, etention, EEndurance, ndurance, 

                            AApplication (aka REAPS)pplication (aka REAPS)



    



    



  

Writing Performance Objectives Sheet 

Channels    Singular Count Unit     Conditions      Mastery Criteria   Date

 SeeSays     



    



  

Writing Performance Objectives Sheet 

Channels    Singular Count Unit     Conditions      Mastery Criteria   Date

  SeeSays               Word



  

Writing Performance Objectives Sheet 

Channels    Singular Count Unit     Conditions      Mastery Criteria   Date

  SeeSays               Word               from level 5
 reader in classroom



    



  

Writing Performance Objectives Sheet 

Channels    Singular Count Unit     Conditions      Mastery Criteria   Date
      

 SeeSays                Word         from level 5    @250-150 wpm
                    reader in class-

        room



  

Writing Performance Objectives Sheet 

Channels    Singular Count Unit     Conditions      Mastery Criteria   Date

 ThinkSays     



  

Writing Performance Objectives Sheet 

Channels    Singular Count Unit     Conditions      Mastery Criteria   Date

 ThinkSays     nice comment



  

Writing Performance Objectives Sheet 

Channels    Singular Count Unit     Conditions      Mastery Criteria   Date

 ThinkSays      nice comment       in science class



  

Writing Performance Objectives Sheet 

Channels    Singular Count Unit     Conditions      Mastery Criteria   Date

 ThinkSays      nice comment       in science class      10/class



    

Precise Pinpointing Leads to Effective Precise Pinpointing Leads to Effective 
Assessment & Instruction (Alignment)Assessment & Instruction (Alignment)



    

Precise Pinpointing Leads to Effective Precise Pinpointing Leads to Effective 
Assessment & Instruction Assessment & Instruction 

(A Geography Example)(A Geography Example)

Oregon 5th Grade Geography Standard:Oregon 5th Grade Geography Standard:

Students will locate and identify on Students will locate and identify on 
maps the continents of the world, the 50 maps the continents of the world, the 50 
states of the United States, and the states of the United States, and the 
physical features of Oregon.physical features of Oregon.



    

Precise Pinpointing Leads to Effective Precise Pinpointing Leads to Effective 
Assessment & Instruction Assessment & Instruction 

(A Geography Example)(A Geography Example)

Oregon 5th Grade Geography Standard:Oregon 5th Grade Geography Standard:

Students will Students will locatelocate and  and identifyidentify on  on 
maps the maps the continentscontinents of the world, the 50  of the world, the 50 
states of the United States, and the states of the United States, and the 
physical featuresphysical features of Oregon. of Oregon.



    

Geography ExampleGeography Example

Oregon 5th Grade Geography Standard:Oregon 5th Grade Geography Standard:
Students will locate and identify on maps the Students will locate and identify on maps the 
continents of the world, the 50 states of the United continents of the world, the 50 states of the United 
States, and the physical features of Oregon.States, and the physical features of Oregon.

Revised standard:Revised standard:
1. SeeWrites word (seven continents), given a map of 1. SeeWrites word (seven continents), given a map of 

the world, @100-120 correct letters/min. by 15 May the world, @100-120 correct letters/min. by 15 May 
2009.2009.



    

Geography ExampleGeography Example

Oregon 5th Grade Geography Standard:Oregon 5th Grade Geography Standard:
Students will locate and identify on maps the Students will locate and identify on maps the 
continents of the world, the 50 states of the United continents of the world, the 50 states of the United 
States, and the physical features of Oregon.States, and the physical features of Oregon.

Revised standard:Revised standard:
1.   SeeWrites word (seven continents), given a Euro-centric 1.   SeeWrites word (seven continents), given a Euro-centric 

mercator map of the world, @100-120 correct letters/min. by mercator map of the world, @100-120 correct letters/min. by 
15 May. 2009.15 May. 2009.

2.   SeeWrites letter (postal abbreviations), given a U.S. map, 2.   SeeWrites letter (postal abbreviations), given a U.S. map, 
@100-120 correct letters/min. by 15 May 2009.@100-120 correct letters/min. by 15 May 2009.



    



    

Geography ExampleGeography Example
Oregon 5th Grade Geography Standard:Oregon 5th Grade Geography Standard:

Students will locate and identify on maps the continents of the world, Students will locate and identify on maps the continents of the world, 
the 50 states of the United States, and the physical features of the 50 states of the United States, and the physical features of 
Oregon.Oregon.

Revised standard:Revised standard:
1.   SeeWrites word (seven continents), given a Euro-centric mercator map of the 1.   SeeWrites word (seven continents), given a Euro-centric mercator map of the 

world, @100-120 correct letters/min. by 15 May 2009.world, @100-120 correct letters/min. by 15 May 2009.

2.   SeeWrites letter (postal abbreviations), given a U.S. map, @100-120 correct 2.   SeeWrites letter (postal abbreviations), given a U.S. map, @100-120 correct 
letters/min. by 15 May 2009.letters/min. by 15 May 2009.

3.   See/Writes word ( the Cascade Mts., the Blue Mts., the Coast Range, Crater 3.   See/Writes word ( the Cascade Mts., the Blue Mts., the Coast Range, Crater 
Lake, Mt. Hood, Klamath Lake, the Willamette River, the Snake River, the Lake, Mt. Hood, Klamath Lake, the Willamette River, the Snake River, the 
Colombia River, and the cities of Bend, Eugene, Portland, Medford, and Colombia River, and the cities of Bend, Eugene, Portland, Medford, and 
Salem), given a physical map of Oregon, @100-120 correct letters/min. by 15 Salem), given a physical map of Oregon, @100-120 correct letters/min. by 15 
May 2009.May 2009.



    

Components of Precise MeasurementComponents of Precise Measurement

1.1.  Precisely Describe Phenomenon (e.g behavior) to Observe - Precisely Describe Phenomenon (e.g behavior) to Observe - 
PinpointPinpoint

2.2.  Accurately Record Significant Accurately Record Significant DimensionsDimensions of Phenomenon  -  of Phenomenon  - 
RecordRecord

• • FrequencyFrequency
• • Change Change 
• • BounceBounce



    

FREQUENCYFREQUENCY

1. Frequency (count/time) is the most 1. Frequency (count/time) is the most 
sensitive measure of human sensitive measure of human 
performance.performance.



    

FREQUENCYFREQUENCY

1. Frequency (count/time) is the most 
sensitive measure of human 
performance.

2. Non-frequency measures are less precise 
because they are Incomplete and/or 
Indirect



  

A Variety of Common But Less Precise Educational 
Performance Measures

Note: All measures listed are derived from count and/or time information. 
From:  Starlin, C. (2002) A science of education.  Unpublished manuscript.  University of Oregon, Eugene, OR.

Incomplete Measures: 
(measures that are missing critical information) 

• # done per opportunity (e.g. 7 of 10 steps)

• # attempted (e.g. 20 problems attempted)

• % correct/incorrect (e.g. 90% correct)

• # correct/incorrect (e.g. 20 correct/3 errors)

• # done (e.g. 25 problems completed)

Count Only Measures 

• time to make first response (latency)

• length of time of response (duration)

• engaged time

• time on task

• elapsed time

Time Only Measures 

Indirect Measures: 
(compilations of count and/or time information but the direct performance information has been lost.)

• Rubric/rating scale (Likert scale)

• Rankings

• Anecdotal records

• Letter descriptions (S - Satisfactory; US - Unsatisfactory)

• Letter grades (A,B,C,D,F)

• Score on paper & pencil tests (e.g. criterion, achievement, diagnostic)

• Grade equivalents

• Stanine score



  

Examples of Incomplete Measure

150 words correct

Thursday

75 words correctCount

Friday

TuesdayMonday

8 refusals10 refusalsCount

1 minute3 minutesTime

75 words/minute50 words/minuteCount/Time

.4 refusals/minute.1 refusals/minuteCount/Time

20 minutes100 minutesTime



  

Example of Indirect Measure

0166123.  Jeff

160

170

171

173

175 

176

177

187

223

CORRECT/MIN

4122.  Mark

0124.  Pam

0125.  Linda

2126.  Gwen

1127.  Lauri

0128.  Julie

1129.  Pat

1130.  Brian

0131.  Doug

INCORRECT/MINTOP 10 STUDENTS

          Frequency vs. % Correct
Oral Reading Scores of 131, 7th Grade Students

Median:  Correct-100; Error-4)

98%

100%

100%

100%

99%

99%

100%

99%

99%

100%

% CORRECT



    

FREQUENCYFREQUENCY

1. Frequency (count/time) is the most 
sensitive measure of human 
performance.

2. Non-frequency measures are less precise 
because they are Incomplete and/or 
Indirect

3. Frequency is a dimension of behavior 
(i.e. Different behaviors have different 
frequencies.)



  

GRAPHIC REPRESENTATION OF 
DIFFERENT FREQUENCIES

C
O
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N

T 
P

E
R

 M
IN

U
TE

0
A FREQUENCY RANGE OF HUMAN BEHAVIORS

1000

100

10

1

.1

.01

.001

WORDS READ SILENTLY

WORDS READ ALOUD

ARITHMETIC FACTS CORRECT 
WORDS WRITTEN

ARITHMETIC FACTS INCORRECT

USING SPOON

SAID THANK-YOU

TALKED TO FAMILY

PRAISES

GRIMACES
DROOLS
OUT-OF-SEAT
TALK-OUTS

 FOOD REACHES

 FOOD BITES
       SWEAR WORDS

 NOSE PICKING
       FIDGETS
 CIGARETTES SMOKED
 CRITICISMS

 MISTAKES

ARGUMENTS

   ARM – BITING
THUMB – SUCKS
        SEIZURES – PETITMAL

          TANTRUMS
          FIGHTS

WORDS SPOKEN                     STEPS RUNNING

                                      STUTTERS
  WORDS PRINTED                                   PUSH-UPS

After O. R. Lindsley 1970



    

FREQUENCY IS PIVOTALFREQUENCY IS PIVOTAL

The decision regarding our base performanceThe decision regarding our base performance

measure determines how we measure themeasure determines how we measure the

changechange ( (celerationceleration) and ) and bouncebounce of performance. of performance.



    

Components of Precise MeasurementComponents of Precise Measurement

1. Precisely Describe Phenomenon (e.g behavior) to Observe - 1. Precisely Describe Phenomenon (e.g behavior) to Observe - 
PinpointPinpoint

2. Accurately Record Significant 2. Accurately Record Significant DimensionsDimensions of Phenomenon  -  of Phenomenon  - 
RecordRecord

• • FrequencyFrequency
• • Change Change 
• • BounceBounce

3. Display Data to Facilitate Accurate Conclusions/Decisions   - 3. Display Data to Facilitate Accurate Conclusions/Decisions   - 
ChartChart



    

Decisions Regarding Displaying DataDecisions Regarding Displaying Data

NarrativeNarrative



  



    

Decisions Regarding Displaying DataDecisions Regarding Displaying Data

Narrative, TableNarrative, Table



  



    

Decisions Regarding Displaying DataDecisions Regarding Displaying Data

Narrative, Table, GraphNarrative, Table, Graph



  



    

Decisions Regarding Displaying DataDecisions Regarding Displaying Data

Narrative, Table, GraphNarrative, Table, Graph
(a picture is worth 10,000 words)(a picture is worth 10,000 words)
Smith, et al (2002) Constructing Knowledge. American Psychologist, 57(10), 

749-761. 



    

Decisions Regarding Displaying DataDecisions Regarding Displaying Data

Narrative, Table, GraphNarrative, Table, Graph
(a picture is worth 10,000 words)(a picture is worth 10,000 words)
Smith, et al (2002) Constructing Knowledge. American 

Psychologist, 57(10), 749-761. 
 
Time Series Graph Time Series Graph 
(75 % of graphs are time series, (75 % of graphs are time series, Tufte, E. (2004). The visual 

display of quantitative information))



    

Decisions Regarding Displaying DataDecisions Regarding Displaying Data

Narrative, Table, GraphNarrative, Table, Graph
(a picture is worth 10,000 words)(a picture is worth 10,000 words)
 
Time Series Graph Time Series Graph 
(75 % of graphs are time series)(75 % of graphs are time series)


Rate-of-Change Graph (logarithmic scale)Rate-of-Change Graph (logarithmic scale)



    

Decisions Regarding Displaying DataDecisions Regarding Displaying Data

Narrative, Table, GraphNarrative, Table, Graph
(a picture is worth 10,000 words)(a picture is worth 10,000 words)
 
Time Series Graph Time Series Graph 
(75 % of graphs are time series)(75 % of graphs are time series)


Rate-of-Change Graph (logarithmic scale)Rate-of-Change Graph (logarithmic scale)


StandardStandard



  



    

Decisions Regarding Displaying DataDecisions Regarding Displaying Data

The SCC is a standard time 
series, rate of change chart. 



    

Decisions Regarding Displaying DataDecisions Regarding Displaying Data

The SCC is a time series, rate of 
change chart.

The SCC’s most powerful feature:

Visually significant change =
Educational impressive change 



    

Standard Celeration Chart



    

Sensing DifferencesSensing Differences
• • SeeSee

• • HearHear

• • TasteTaste

• • SmellSmell

• • TouchTouch



    

Seeing DifferencesSeeing Differences
 The Greek astronomer Hipparchus (The Greek astronomer Hipparchus (flfl 146-127 BC)  146-127 BC) 

cataloged the brightness of 850 stars and classified cataloged the brightness of 850 stars and classified 
them from “stars of the first magnitude” (brightest) to them from “stars of the first magnitude” (brightest) to 
“stars of the sixth magnitude” (dimmest).  These “stars of the sixth magnitude” (dimmest).  These 
orders of magnitude were based on Hipparchus’ orders of magnitude were based on Hipparchus’ 
ability to perceive differences in brightness.  ability to perceive differences in brightness.  
Subsequent calculations showed these magnitudes Subsequent calculations showed these magnitudes 
to vary by multiples (logarithmically).  to vary by multiples (logarithmically).  

From:  Lord, J. (1994).  From:  Lord, J. (1994).  Sizes:  The illustrated encyclopediaSizes:  The illustrated encyclopedia. New York:  . New York:  
Harper Perennial.  Lord, 1994)Harper Perennial.  Lord, 1994)



    

Hearing DifferencesHearing Differences

The pure tone audiometer generates tone 
frequencies of: 

 
125 cycles/second (hertz) → 250 Hz → 500 Hz →
 1000 Hz → 2000 Hz → 4000 Hz →8000 Hz



    

Tasting DifferencesTasting Differences



    

Smelling DifferencesSmelling Differences



    

Touching DifferencesTouching Differences



    

EEDUCATIONAL DUCATIONAL IIMPRESSIVE MPRESSIVE CCHANGE (EIC)HANGE (EIC)

1. Change in performance is always detected 1. Change in performance is always detected 
through sensory observations. [e.g. x2 through sensory observations. [e.g. x2 
(doubling) is always detected](doubling) is always detected]
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1. Change in performance is always detected through 1. Change in performance is always detected through 
sensory observations. [e.g. x2 (doubling) is always sensory observations. [e.g. x2 (doubling) is always 
detected]detected]

2. The change is rated as impressive.2. The change is rated as impressive.



    

EEDUCATIONAL DUCATIONAL IIMPRESSIVE MPRESSIVE CCHANGE (EIC)HANGE (EIC)
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2. The change is rated as impressive.2. The change is rated as impressive.
3. Complimentary relationship between objective and 3. Complimentary relationship between objective and 

subjective informationsubjective information
(i.e. impressive graphic change is verified by (i.e. impressive graphic change is verified by 
subjective sensory reactions, #2 above)subjective sensory reactions, #2 above)



    

EEDUCATIONAL DUCATIONAL IIMPRESSIVE MPRESSIVE CCHANGE (EIC)HANGE (EIC)

1. Change in performance is always detected through 1. Change in performance is always detected through 
sensory observations. [e.g. x2 (doubling) is always sensory observations. [e.g. x2 (doubling) is always 
detected]detected]

2. The change is rated as impressive.2. The change is rated as impressive.
3. Complimentary relationship between objective and 3. Complimentary relationship between objective and 

subjective informationsubjective information
(i.e. impressive graphic change is verified by (i.e. impressive graphic change is verified by 
subjective sensory reactions, #2 above)subjective sensory reactions, #2 above)

4. Change data involves direct observation based 4. Change data involves direct observation based 
learning records and summaries vs. psychometric learning records and summaries vs. psychometric 
measures (e.g. achievement, IQ tests) and group measures (e.g. achievement, IQ tests) and group 
statistics.statistics.



    

EEDUCATIONAL DUCATIONAL IIMPRESSIVE MPRESSIVE CCHANGE (EIC)HANGE (EIC)

1. Change in performance is always detected through 1. Change in performance is always detected through 
sensory observations. [e.g. x2 (doubling) is always sensory observations. [e.g. x2 (doubling) is always 
detected]detected]

2. The change is rated as impressive.2. The change is rated as impressive.
3. Complimentary relationship between objective and 3. Complimentary relationship between objective and 

subjective informationsubjective information
(i.e. impressive graphic change is verified by (i.e. impressive graphic change is verified by 
subjective sensory reactions, #2 above)subjective sensory reactions, #2 above)

4. Change data involves direct observation based 4. Change data involves direct observation based 
learning records and summaries vs. psychometric learning records and summaries vs. psychometric 
measures (e.g. achievement, IQ tests) and group measures (e.g. achievement, IQ tests) and group 
statistics.statistics.

5. EIC scales the power of the intervention effects in 5. EIC scales the power of the intervention effects in 
terms of the rapidity of the effects (e.g. x1.1 per week terms of the rapidity of the effects (e.g. x1.1 per week 
= 7 weeks to double performance; x2 per week = one = 7 weeks to double performance; x2 per week = one 
week to double performance. - after Berquam, 1980)week to double performance. - after Berquam, 1980)



    

Educationally Impressive Change (EIC)Educationally Impressive Change (EIC)

Discovery of EIC Leads to Best Practice Interventions Discovery of EIC Leads to Best Practice Interventions 
(analogy to medicine – penicillin, polio vaccine)(analogy to medicine – penicillin, polio vaccine)

i.e. The knowledge that is the purpose of science.i.e. The knowledge that is the purpose of science.



    

““It would be possible to describe It would be possible to describe 
everything scientifically but it everything scientifically but it 
would make no sense, it would be would make no sense, it would be 
without meaning, as if you without meaning, as if you 
described a Beethovan symphony described a Beethovan symphony 
as a variation of wave pressure.”as a variation of wave pressure.”

Albert EinsteinAlbert Einstein
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• • Precise MeasurementPrecise Measurement
• • Robust Research MethodologyRobust Research Methodology

• • Standardization of a Precise Measurement System is Standardization of a Precise Measurement System is 
Foundational to the Establishment of a Scientific DisciplineFoundational to the Establishment of a Scientific Discipline  

••  Components of Precise MeasurementComponents of Precise Measurement
1. Precisely Describe Phenomenon (e.g behavior) to Observe - Pinpoint1. Precisely Describe Phenomenon (e.g behavior) to Observe - Pinpoint
2. Accurately Record Significant Dimensions of Phenomenon  - Record2. Accurately Record Significant Dimensions of Phenomenon  - Record
3. Display Data to Facilitate Accurate Conclusions/Decisions   - Chart3. Display Data to Facilitate Accurate Conclusions/Decisions   - Chart
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Big Idea SummaryBig Idea Summary
• • Precise PinpointingPrecise Pinpointing  

• • Critical to Accurate & Reliable DataCritical to Accurate & Reliable Data
• • Leads to Effective Assessment & Instruction Leads to Effective Assessment & Instruction 

• • Frequency (count/time) Most Sensitive Performance MeasureFrequency (count/time) Most Sensitive Performance Measure
• • Learning = change in Learning = change in frequencyfrequency
• • Bounce   = variability in Bounce   = variability in frequencyfrequency

• • A Display System Where:A Display System Where:
  ““visually significant change = educationally impressive change”visually significant change = educationally impressive change”  

Facilitates Discovery of Powerful InterventionsFacilitates Discovery of Powerful Interventions

• • Educationally Impressive Change (EIC) = Our Senses Always Educationally Impressive Change (EIC) = Our Senses Always 
Detect the ChangeDetect the Change  
[e.g. x2 (doubling) or greater change in performance] [e.g. x2 (doubling) or greater change in performance] 

..


